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1. INTRODUCTION

Herbal beverages, derived from plants such as
turmeric, Java tea, and seed-under-leaf, are rich in
phytochemicals, particularly phenolic compounds and
flavonoids, which exhibit potent antioxidant activity
beneficial for human health [1]. However, their liquid
form poses significant challenges, including limited
shelf life due to microbial growth, enzymatic
degradation, and oxidative instability [2]. Converting
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ABSTRACT

Phytochemical-rich herbal beverages are typically perishable due to their liquid form.
Powder conversion via foam mat drying offers improved shelf stability but requires
effective natural binders. Konjac glucomannan (KGM) is a promising candidate, though its
high viscosity necessitates enzymatic hydrolysis to produce functional konjac glucomannan
hydrolysate (KGMH). This study investigated konjac glucomannan hydrolysate (KGMH) as
a natural binder for foam mat drying of a herbal blend (Java tea, turmeric, and seed-under-
leaf). The research optimized KGMH functionality by evaluating KGM source (Thailand vs.
Indonesia), enzyme concentration (100-200 IU/g), and KGM concentration (10-30%
w/v) on KGMH properties (viscosity, reducing sugar, total carbohydrate, and degree of
polymerization (DP)), herbal drink powder characteristics (physical, phenolic, and flavonoid
content, also antioxidant activity using DPPH and FRAP methods). The herbal powder was
produced by mixing the herbal extract with KGMH to form a stable foam, followed
by drying at 60°C for 12 hours and grinding into powder. Results demonstrated that
Enzymatic hydrolysis significantly reduced KGMH viscosity and DP, while increasing
reducing sugars, with Indonesian konjac yielding higher viscosity than Thai konjac, and
higher KGM concentrations increasing viscosity but requiring greater enzyme levels for
effective depolymerization. The herbal drink using binder from Thai KGMH at 200 1U/g
enzyme and 20% KGM concentration produced the highest retention of total phenolic
content (2.83 mg GAE/g), total flavonoids (3266.52 mg QE/g), and antioxidant activity
(93.53 mM TE/g by FRAP) in the herbal drink powder.

Keywords: Konjac glucomannan, foam mat drying, binder, antioxidant, functional foods,
mannanase enzyme.

these herbal extracts into powder form through
dehydration techniques offers a viable solution to
enhance stability, ease of storage, and transportation.
Among drying methods, foam mat drying stands out
due to its efficiency in preserving heat-sensitive
bioactive compounds, rapid drying kinetics, and
scalability. This technique involves whipping the liquid
extract into stable foam before drying, which
increases the surface area and accelerates moisture
removal. However, the process requires binders to
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stabilize the foam structure and maintain powder
integrity during drying and storage [3].

Konjac  glucomannan (KGM), a natural
polysaccharide derived from Amorphophallus
konjac tubers, has emerged as a promising binder due
to its unique physicochemical properties, including
high water-binding capacity, film-forming ability, and
biocompatibility [4]. As a soluble dietary fiber, KGM
also offers additional health benefits, such as
cholesterol reduction and prebiotic effects, aligning
with  consumer demand for functional food
ingredients. However, native KGM'’s high viscosity and
poor solubility limit its direct application in foam mat
drying[5], [6], [7]. Enzymatic hydrolysis using
mannanase offers a safe and food-grade solution to
reduce KGM’s molecular weight, vyielding konjac
glucomannan hydrolysate (KGMH) with improved
functionality while retaining its dietary fiber
properties. Unlike chemical hydrolysis, enzymatic
treatment avoids toxic residues and preserves the
nutritional integrity of the final product, making it
ideal for food applications[8], [9].

The efficiency of enzymatic hydrolysis is highly
dependent on critical parameters, including the konjac
source (which differs in glucomannan purity and
molecular  structure), enzyme  concentration
(mananase activity), and substrate concentration.
These factors collectively influence the degree of
polymerization, solubility, and binding capacity of
KGMH, which in turn affect foam stability, powder
reconstitution, and bioactive retention. For instance,
insufficient hydrolysis may result in inadequate foam
expansion, while excessive  hydrolysis  could
compromise the powder’s mechanical strength [5],
[8], [10]. Despite KGM’s potential, systematic studies
optimizing these parameters for herbal powder
production are scarce.

This study aims to bridge this gap by optimizing
the enzymatic hydrolysis of KGM for foam mat drying
of a multicomponent herbal blend (turmeric, Java tea,
and seed-under-leaf). We evaluate the effects of
konjac source (Thailand vs Indonesia), enzyme
concentration  (100-200 IU/g), and  konjac
concentration (10-30% w/v) on KGMH functionality,
foam  properties, and the final powder’s
physicochemical and antioxidant characteristics. The
findings will provide actionable insights for the food
industry to produce shelf-stable, nutrient-dense
herbal powders using a natural, health-promoting
binder, thereby meeting the growing demand for
clean-label functional foods.

2. MATERIALS AND METHODS
2.1 Materials

The materials required to produce herbal powder
using the foam mat drying method included konjac
glucomannan (food grade) (it was purchased from
Chemipan, Thailand and the local market in Bantul,
Yogyakarta, Indonesia) as the primary binder, along
with three medicinal herbs: Java tea (Orthosiphon
aristatus), turmeric (Curcuma longa), and seed-under
leaf (Phyllanthus niruri), from WKT Tegal, Indonesia.
Fresh egg white was utilized as a natural foaming
agent, while carboxymethyl cellulose (CMC) served as
a foam stabilizer, and deionized water was used as the
solvent throughout the process. For the analytical
procedures, the following reagents were employed:
deionized water, 98% ethanol for extraction purposes,
sodium chloride (NaCl), aluminum chloride (AICls) for
flavonoid quantification, sodium acetate (CH;COONa),
DPPH (2,2-diphenyl-1-picrylhydrazyl) for antioxidant
capacity assessment, acetate buffer (CH3;COONa
buffer, pH 3.6), TPTZ (2,4,6-tripyridyl-s-triazine) for
the FRAP assay, hydrochloric acid (HCI), and iron(lll)
chloride (FeCls). All chemicals used were of analytical
grade and obtained from Sigma-Aldrich and Merck.

2.1 Enzymatic Hydrolysis of Konjac Glucomannan

The hydrolysis process was initiated by heating
distilled water to 70°C in a water bath. Mannanase
enzyme was then added according to the
experimental variables (100-200 IU/g KGM) with
constant stirring for 15 minutes. Konjac glucomannan
powder was gradually incorporated into the solution
using a spoon, followed by continuous stirring for 30
minutes to ensure complete hydrolysis [5]. The final
concentration of konjac was added according to the
variable (10, 20, and 30% (w/v)). The enzymatic
reaction was terminated by boiling the mixture for 15
minutes. The resulting konjac  glucomannan
hydrolysate  (KGMH) was cooled to room
temperature[5], [8].

2.2 Preparation of Herbal Powder via Foam Mat Drying

A herbal blend was prepared by combining Java
tea (40%), turmeric (5%), and seed-under-leaf (55%) in
a 1:20 (w/v) ratio with distilled water [11]. The mixture
was boiled for 15 minutes and filtered through muslin
cloth to obtain a clear extract. For formation, 50 g of
the herbal extract was mixed with 50 g of KGMH and
homogenized, followed by the addition of 0.25 g CMC.
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Foaming was achieved by incorporating 10 g of fresh
egg white and whipping the mixture at 20,000 rpm for
5 minutes using an Ultra-Turrax homogenizer, with
careful attention to homogenizer positioning for
uniform foam formation. The foam was then spread
uniformly (0.8 mm thickness) on drying trays and
dehydrated at 60°C for 12 hours. The dried product
was ground (particle size <150 pum), packaged in
airtight bags, and stored in desiccators prior to
analysis [7], [12].

2.3 Characterization of Konjac glucomannan
hydrolysate (KGMH)

2.3.1 Analysis of the viscosity of KGMH solution

The viscosity of 1% KGMH solutions was
measured using a rotational viscometer (Brookfield
DV-II+ Pro) equipped with an LV-3 spindle at 28+0.5°C.
Before measurement, samples were prepared by
dissolving KGMH powder in distilled water under
gentle stirring at 60°C for 2 hours, followed by cooling
to room temperature and degassing to remove air
bubbles. The viscometer was calibrated with standard
silicone oil, and measurements were conducted
at 100 rpm shear rate, with readings taken after 60
seconds of stabilization to ensure equilibrium. Three
replicate measurements were performed for each
sample, and the viscosity was recorded in centistokes
(cSt),

2.3.2  Analytical  Methods for  Carbohydrate
Characterization of KGMH (Reducing Sugar,
Total  Carbohydrate, and  Degree  of
Polymerization (DP))

Reducing sugar content was determined using the
3,5-dinitrosalicylic acid (DNS) colorimetric method. A
standard calibration curve was first prepared using
glucose solutions (0-100 pg/mL) in distilled water. For
sample analysis, 2 mL of the test solution was mixed
with 2 mL of DNS reagent in a test tube. The mixture
was heated in boiling water for exactly 10 minutes to
develop the red-brown color characteristic of reduced
DNS. After immediate cooling in an ice-water bath, the
absorbance was measured at 570 nm using a UV-Vis
spectrophotometer. The reducing sugar
concentration was calculated from the standard curve
and expressed as glucose equivalents (mg/g)[8], [13].

Total carbohydrate content was quantified
through the phenol-sulfuric acid assay. A reference
standard curve was generated using serial dilutions of
glucose (0-100 pg/mL) in distilled water. In the

analytical procedure, 1 mL of sample solution was
combined with 1 mL of 5% (w/w) aqueous phenol
solution, followed by rapid addition of 5 mL
concentrated sulfuric acid. After 20 minutes of
incubation at room temperature (25+1°C), the
characteristic yellow-orange color was measured at
490 nm. Results were calculated based on the
standard curve and reported as total carbohydrate
content in glucose equivalents (mg/g)[14].

The degree of polymerization was mathematically
determined as the ratio of total carbohydrate content
to reducing sugar content: DP = (Total Carbohydrate
content)/(Reducing Sugar content). This
dimensionless parameter provides insight into the
average chain length of polysaccharides in the sample,
where higher values indicate greater
polymerization[10].

2.4 Physical Characterization of Herbal Drink Powder

The powder's physical properties were evaluated
through three key parameters: moisture content,
hygroscopicity, and water solubility index. Moisture
content was determined following the AOAC standard
method [15], where samples were dehydrated in a
precision oven at 105 + 1°C until constant weight was
achieved.

Hygroscopicity assessment was conducted using
an adapted Cai and Corke protocol [16], [17].
Approximately 1 g of powder was exposed to 75%
relative humidity (maintained by NaCl saturated
solution) in a sealed desiccator at 25 + 1°C for seven
days. The moisture absorption capacity was calculated
from the weight difference and expressed as grams of
absorbed moisture per 100 grams of dry powder.

Water solubility was quantified using the water
solubility index method [17], [18]. This involved
measuring the soluble fraction of the powder after
aqueous dispersion and centrifugation, providing
insight into the product's reconstitution properties. All
measurements were performed in triplicate to ensure
analytical precision.

2.5 Analysis of Total Phenolic Compounds (TPC) and
Total Flavonoid Content (TFC)

The total phenolic content was quantified using
the Folin-Ciocalteu method[11], [19]. Briefly, 1000 pL
of each test sample and standard solution were
pipetted into separate test tubes. Then, 5000 pL of
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7.5% Folin-Ciocalteu reagent was added to each tube
and allowed to react for 8 minutes at room
temperature. Subsequently, 4000 pL of 1% sodium
hydroxide (NaOH) solution was added, and the
mixture was incubated for 1 hour in the dark. The
absorbance of the resulting, blue-colored complex
was measured at 730 nm using a UV-Vis
spectrophotometer. Gallic acid was used as the
standard reference, and results were expressed as mg
gallic acid equivalents (GAE) per gram of sample[11],
[19].

The total flavonoid content was analyzed using
the aluminum chloride colorimetric method[18]. In
this procedure, 1000 pL of sample or standard solution
was mixed with 1500 uL of ethanol, followed by the
addition of 100 plL of 10% aluminum chloride (AICIs)
and 100 pL of 1M sodium acetate (CH3;COONa). The
mixture was then diluted with 2800 pL of distilled
water and vortexed thoroughly. After 30 minutes of
incubation at room temperature in the dark, the
absorbance of the yellow-colored complex was
measured at 370 nm. Quercetin was used as the
standard reference, and results were expressed as mg
quercetin equivalents (QE) per gram of sample [20],
[21].

2.6 Methods for Antioxidant Activity Analysis using
DPPH Radical Scavenging Assay and Ferric
Reducing Antioxidant Power (FRAP) Assay

The antioxidant capacity was evaluated using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging method with modifications[11], [22]. A0.1

mM DPPH solution was prepared in methanol and

stored protected from light. For analysis, 100 uL of

sample extract (1 mg/mL in methanol) was mixed with

3.9 mL of DPPH solution and incubated in the dark at

room temperature for 30 minutes. The absorbance

was measured at 517 nm against ethanol blank. A

standard curve was prepared using Trolox solutions (O-

500 uM). The antioxidant activity was expressed as

micromolar Trolox equivalents per gram of dry weight

powder (UM TE/g DW).

The FRAP assay was performed according to the
standard method using FRAP reagents [21], [22], [23].
The FRAP reagent was prepared by mixing 300 mM
acetate buffer (pH 3.6), 10 mM TPTZ (2,4,6-tripyridyl-
s-triazine) in 40 mM HCI, and 20 mM FeClz-6H,0 in a
10:1:1 ratio. Fresh FRAP reagent (3 mL) was mixed
with 100 pL of sample extract and incubated at 37°C
for 30 minutes. The absorbance was read at 593 nm
against a reagent blank. A standard curve was

generated using FeSO4-7H,0 solutions (0-1000 uM).
Results were expressed as micromolar Trolox
equivalents per gram of dry weight powder (UM TE/g
DW).

2.7 Data Analysis

The data were analyzed using three-way ANOVA
to evaluate the combined effects of konjac source
(Thailand vs Indonesia), enzyme concentration (100 U
vs 200 IU), and konjac concentration (10%, 20%, 30%)
on all response variables, including hydrolysis
characteristics and powder quality parameters. For
significant factors identified by ANOVA (p<0.05), post-
hoc Duncan's HSD tests were performed to determine
specific differences between treatment groups. All
statistical analyses were performed using SPSS 17
with a designated significance level of p<0.05, and all
experiments were conducted in triplicate to ensure
data reliability.

2 RESULTS AND DISCUSSION
3.1 Characterization of KGMH
3.1.1 The Viscosity of KGMH Solution.

The viscosity of konjac glucomannan hydrolysate
(KGMH) was significantly influenced by konjac source,
enzyme concentration, and konjac concentration (p <
0.05) (Table 1). Thai konjac produced lower viscosity
solutions (809-3,829 cStokes at 100 IU) compared to
Indonesian konjac (3,367—33,520 cStokes), likely due
to differences in molecular weight and purity[9].
Increasing enzyme concentration from 100 IU to 200
IU drastically reduced viscosity, particularly for
Indonesian  konjac  (>99% reduction at 10%
concentration). Higher konjac concentrations (10% to
30%) exponentially increased viscosity, especially in
Indonesian samples (100-fold increase at 100 IU).

The optimal conditions for foam mat drying were
achieved with 200 IU enzyme and 10% Thai konjac,
yielding a viscosity of 66.5 cStokes—ideal for foam
formation without excessive thickness. In contrast,
Indonesian konjac at 100 IU resulted in impractical
viscosities (>33,000 cStokes), emphasizing proper
enzyme dosing and raw material selection. These
findings demonstrate that enzymatic hydrolysis
effectively tailors KGMH functionality for food
processing, balancing binding capacity and
processability [4].

Research in Chemical Engineering, Volume 4 No. 1, 2025 (18 -29)

21



Alwani Hamad, Zahwa Kinanti, Pachara Pomsang, Mubshair Naveed, Dwi Hartanti,
Optimizing Konjac Glucomannan Hydrolysate (KGMH) as a Natural Binder in Foam Mat Drying for Functional Herbal Powder Drink

3.1.2 Reducing sugar, Total Carbohydrate, and
Degree of Polymerization (DP) of KGMH

The analysis of reducing sugar, total
carbohydrate, and degree of polymerization (DP) of
KGMH produced from Indonesian konjac revealed
significant  variations depending on enzyme
concentration (mannanase: 100 and 200 1U/g) and
konjac concentration (10%, 20%, and 30%) (Table 2).
Native konjac glucomannan (KGM) had the lowest
reducing sugar content and highest DP (1.82),
confirming its high molecular weight and minimal
hydrolysis. Enzymatic treatment increased reducing
sugar levels, with the highest value observed in
sample B 200-20, indicating extensive hydrolysis at
200 1U/g enzyme and 20% konjac. Total carbohydrate
content remained relatively stable (67.90-93.15
mg/g), except for sample B 200-20, which showed a
slight reduction, possibly due to partial degradation
into smaller sugars. The DP decreased significantly
with hydrolysis, reaching the lowest value in sample B

200-20 (0.29), confirming effective depolymerization
at higher enzyme levels[24].

The increase in reducing sugar content with
higher ~ enzyme  concentration (200 1U/g)
demonstrates that mannanase effectively breaks
down KGM into smaller oligosaccharides. The highest
reducing sugar in sample B 200-20 suggests that 20%
konjac concentration optimizes enzymatic hydrolysis,
whereas further increases (e.g., 30%) may hinder
enzyme accessibility. The stable total carbohydrate
content in most samples implies that hydrolysis
primarily affects molecular size rather than total sugar
content. The drastic reduction in DP (from 1.82 in KGM
to 0.29-0.80 in KGMH) confirms successful
depolymerization, with sample B 200-20 exhibiting
the most significant reduction, likely due to optimal
enzyme-substrate interaction. These findings indicate
that enzymatic hydrolysis effectively modifies KGM
into low-DP KGMH, enhancing solubility and potential
functional properties for food applications [8].

Tabel 1 The viscosity of KGMH and KGM solution 1% (w/v) in different sources of konjac and the concentration of

KGM and mannanase enzyme.

Sample KGM Enzyme ) KGM . Viscosity of KGMH  Viscosity of KGM 1%
code Source concentration - concentration (w/v) (CStokes) (w/v) (CStokes)
(IU/g konjac) (%)

T 100-10 10 809.500+0.00P 239.60+0.00%4¢

T 100-20 100 20 1723.00+0.00P4° 505,50+0.00°4°

T 100-30 30 3829.00+0.00P"2 1106.67+19.03%42
Thailand

T200-10 10 66.53+12.62P8¢ 207.53+5.15%¢

T 200-20 200 20 2252.00+12.00°8° 532.63+0.95%P

T 200-30 30 2252.00+32.69°82 644.53+2 73098

B 100-10 10 3366.67+152.04%¢ 129.60+0.72P4¢

B 100-20 100 20 20486.67+324,113% 239.1340.61P%

B 100-30 30 33520.00+2986.99%° 478.67+3.60PA
Indonesia

B 200-10 10 185.50+9.68¢%82 29.8443.53P8¢

B 200-20 200 20 2733.33£142.340% 71.62+0.96P80

B 200-30 30 26130.334345.7298¢ 252.10+1.22P82

Note: The results above show the mean value + standard deviation from three replicate measurements. In the post-hoc statistical
analysis, Greek letters indicate values that are significantly different (p < 0.05) based on the KGM source, uppercase letters indicate
values that are significantly different (p < 0.05) based on the enzyme concentration, and lowercase letters indicate values that are

significantly different (p < 0.05) based on the KGM concentration."
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Tabel 2 Reducing Sugar, Total Carbohydrate, and Degree of Polymerization (DP) of KGMH of KGM from Indonesia

Sample Enzyme ) KGM . Reducing Sugar Total Degree of
code concentration concentration (ma/g sampel) Carbohydrate Polymerization (DP)
(IU/g) (%) (mg/g sampel)
KGM 0 0 46.64+6.17% 83.93+9.79% 1.82+0.29%
B 100-20 100 20 114.73+12.03% 91.41+2.845¢ 0.8040.06%¢
B 200-10 10 165.04+17.13%° 85.60+15.50"° 0.52+0.138¢
B200-20 200 20 236.42+13.84%¢ 67.90+11.86"° 0.29+0.06"
B 200-30 30 215.22+16.36% 93.15+21.57% 0.44%0.148°

Note: The data represent mean values * standard deviation from three replicate experiments. In post hoc analysis, uppercase
letters denote significant differences (p < 0.05) across enzyme concentrations, while lowercase letters indicate significant

differences (p < 0.05) across konjac concentrations.

3.2 Physical Properties of Herbal Drink Powder using
binder of KGM in different enzymatic hydrolysis
parameters

The physical characteristics of the herbal powder
drink were evaluated based on a blend of turmeric,
Java tea, and seed-under-leaf, using hydrolyzed konjac
glucomannan (KGMH) as a binder. The KGMH was
produced through enzymatic hydrolysis using
mannanase at different concentrations (100 and 200
IU/g konjac), with konjac flour sourced from Thailand
and Indonesia, and varying konjac concentrations
(10%, 20%, and 30%). These processing conditions
resulted in different KGMH properties, which were
then applied as binders in the herbal powder
formulation (Table 2).

The moisture content of the herbal powder varied
significantly depending on the konjac source, enzyme
concentration, and konjac concentration. Samples
with Indonesian konjac generally exhibited higher
moisture content compared to those with Thai konjac,
particularly at lower enzyme concentrations (100
IU/g). This suggests that the origin of konjac influences
water retention in the powder. Additionally,
increasing the konjac concentration from 10% to 30%
led to a decrease in moisture content, possibly due to
the higher molecular interaction of KGMH, reducing
free water availability.

Hygroscopicity was significantly affected by the
konjac source, with Thai konjac-based samples
showing higher values than those from Indonesia. This
may be attributed to differences in the polysaccharide
structure and residual enzyme activity post-hydrolysis.
Higher enzyme concentration (200 IU/g) generally

increased hygroscopicity, likely due to greater
depolymerization of KGMH, exposing more
hydrophilic groups. However, increasing konjac
concentration did not  consistently  affect
hygroscopicity, indicating a complex interaction
between hydrolysis degree and binder
concentration[18].

Bulk density was higher in samples containing
Indonesian konjac, suggesting that the native konjac
properties influence particle packing. Enzyme
concentration also played a role, as samples
hydrolyzed with 200 IU/g exhibited lower bulk density,
possibly due to finer particle size from more extensive
hydrolysis. Interestingly, konjac concentration had
varying effects—higher concentrations (20-30%)
sometimes increased bulk density, likely due to
improved binding and agglomeration[18].

Solubility was significantly higher in Thai konjac
samples, particularly at 200 1U/g enzyme
concentration, indicating that hydrolysis efficiency
depends on konjac origin. The increased solubility at
higher enzyme levels suggests that more extensive
hydrolysis enhances KGMH dispersibility. However,
increasing konjac concentration (especially to 30%)
reduced solubility in some cases, possibly due to
excessive cross-linking or incomplete solubilization of
higher-molecular-weight fractions[25].
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Table 3. Physical properties of herbal drink powder with binder of KGMH at different sources and concentrations of
enzyme and KGM.

Hydrolysis parameters

Physical Properties of Herbal Drink Powder

Sample -
code KGM Enzyme KGM ) Moisture Hygroscopicity Bulk Density Solubility
Source conc. Concentration Content (/100 g) (ar/cm?) (%)
(o]
(IU/g) (w/v) (%)
T 100-10 10 5.95+0.310A2 15.83+0.4808¢c 0.74+0.03PAb 75.52+3.35¢8a
T 100-20 100 20 5.79+0.510Ab 17.34+0.460%82 0.68+0.03PAc 89.67+2.9108b
T 100-30 30 5.25+1.050¢ 18.09+0.2808b 0.74+0.02PAa 96.04+10.35¢98¢
Thailand
T 200-10 10 5.45+0.3Qc8a 18.9740.270Ac 0.80+0.04#8b 118.85+3.99¢4a
T 200-20 200 20 4.63+0.39098b 21.64+0.65%a 0.72+0.02P8¢c 92.77+15.3004Ab
T 200-30 30 4.78+0.0408¢ 19.45+0.130Ab 0.73+0.06P82 108.85+2.100A¢
B 100-10 10 6.11+0.249R2 8.86+0.32P8¢ 0.91+0.03¢9Ab 65.89+2.81k82
B 100-20 100 20 5.20+0.130Ab 9.45+0.19P8 0.96+0.010Ac 61.48+7.38P8b
B 100-30 30 4.39+0.380A¢ 10.31+0.08P8b 0.9740.020Aa 46.73+1.86P8¢
Indonesia
B 200-10 10 5.53+0.240%82 11.51+2.49BAc 0.87+0.04¢Bb 64.56+2.12PAa
B 200-20 200 20 5.83+0.34¢8b 12.19+0.21PA2 0.86+0.0208¢ 67.60+9.39PAb
B 200-30 30 4.76+0.2598¢ 10.81+0.46PRAb 0.90+0.02082 57.4742.25PAc

Note: The results above show the mean value + standard deviation from three replicate measurements. In the post-hoc statistical
analysis, Greek letters indicate values that are significantly different (p < 0.05) based on the KGM source, uppercase letters indicate
values that are significantly different (p < 0.05) based on the enzyme concentration, and lowercase letters indicate values that are

significantly different (p < 0.05) based on the KGM concentration.

3.3 Total Phenolic Content (TPC) and Total Flavonoid

Content (TFC) of Herbal Drink Powder

The results demonstrated that the source of
KGM, enzyme concentration, and KGM
concentration significantly influenced the total
phenolic content (TPC) and total flavonoid content
(TFC) of the herbal drink powder (Table 4). Thai
KGMH generally yielded higher TPC and TFC values
compared toIndonesian KGMH. Higher enzyme
concentration (200 IU/g) led to increased TPC and TFC
in Thai KGMH samples, while the opposite trend was
observed in Indonesian KGMH, suggesting source-
dependent enzymatic effects. Additionally, KGM
concentration played a role, with 20% KGM often
producing the highest TPC and TFC, followed by 10%
and 30%, indicating an optimal mid-range
concentration for phenolic and flavonoid retention.
These variations may be attributed to differences
in polysaccharide structure and hydrolysis
efficiency between KGM sources, affecting bioactive

compound release. Overall, Thai KGMH at 200 1U/g
enzyme and 20% KGM provided the best preservation
of antioxidants, highlighting the importance of
optimizing binder selection and processing conditions
for enhanced functional properties in herbal powders.

The study revealed thatkonjac glucomannan
hydrolysate (KGMH), influenced by its source, enzyme
concentration, and KGM concentration, played a
crucial role in preserving total phenolic content
(TPC) and total flavonoid content (TFC) in the herbal
drink powder. The Thai KGMH consistently exhibited
higher TPC and TFC values compared to Indonesian
KGMH, likely due to differences in molecular
structure, degree of polymerization, and hydrolysis
efficiency, which may enhance the encapsulation and
stabilization of bioactive compounds.Higher enzyme
concentration (200 IU/g) improved TPC and TFC in
Thai KGMH, suggesting that controlled enzymatic
hydrolysis breaks down KGM into smaller, more
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soluble fractions that better interact with and protect
phenolic and flavonoid compounds. Conversely, the
lower performance of Indonesian KGMH at higher
enzyme levels may indicate over-hydrolysis, leading to
reduced molecular interactions with antioxidants [18],
[26].

The optimal KGM concentration (20%) provided
the highest TPC and TFC, likely because it formed an
effective polysaccharide matrix that physically
entrapped and shielded phenolic and flavonoid
molecules from degradation, while still allowing

sufficient solubility. Lower concentrations (10%) may
have offered insufficient protection, whereas higher
concentrations (30%) could have led to excessive
viscosity, hindering compound release during analysis.
These findings suggest that KGMH acts as a protective
carrier, with its hydrolysis-dependent structural
properties influencing antioxidant retention. The
superior performance of Thai KGMH at moderate
enzyme and KGM levels highlights its potential as a
functional binder for enhancing the stability of
bioactive compounds in herbal powders.

Table 4. Total Phenolic Content (TPC) and Total Flavonoid Content (TFC) of herbal drink powder with KGMH as a
binder in different sources and concentrations of enzyme and KGM.

Hydrolysis parameters

Chemical Properties of Herbal Drink Powder

Sample
code Enzyme. KGM . TPC TFC
KGM Sources concentrations Concentrations (MGAE/g) (mgQE/g)
(1U/g) (%) see eE
T 100-10 10 1.83+0.34980 1826.60+351.5198°
T 100-20 100 20 2.75+0.15%8 2668.27+216.05%8
T 100-30 30 1.71+0.1408¢ 1702.78+93.70°8¢
Thailand
T 200-10 10 2.83+0.1894b 3266.52+233.34940
T 200-20 200 20 2.34+0.120%° 2473.54+210.94%2
T 200-30 30 2.12+0.09%¢ 2052.92+153.480%¢
B 100-10 10 0.96+0.28P80 1201.61+434,73880
B 100-20 100 20 0.75+0.19882 981.87+62.17"82
B 100-30 30 0.59+0.07P8c 840.64+155.47P8¢
Indonesia
B 200-10 10 0.45+0.06P*° 507.31+132.12P%
B 200-20 200 20 1.08+0.17P42 1416.96+101.33P42
B 200-30 30 1.04+0.08PAc 1641.52+137.43PAc

Note: The results above show the mean value + standard deviation from three replicate measurements. In the post-hoc statistical
analysis, Greek letters indicate values that are significantly different (p < 0.05) based on the KGM source, uppercase letters indicate
values that are significantly different (p < 0.05) based on the enzyme concentration, and lowercase letters indicate values that are
significantly different (p < 0.05) based on the KGM concentration.

3.4 Antioxidant Activity of Herbal Drink Powder

The antioxidant activity of the herbal drink
powder, as measured byDPPH free radical
scavenging and FRAP  assays, was significantly
influenced by thesource of KGMH, enzyme
concentration, and KGM concentration (Table 5).
Notably, Thai KGMH consistently exhibited superior
antioxidant activity compared to Indonesian KGMH.
This difference may stem from variations in

the molecular  weight distribution, degree of
branching, and monosaccharide composition of KGM
derived from different sources. Thai KGMH likely
possesses a more favorable structural configuration
that enhances its ability toencapsulate and
stabilize antioxidant compounds (e.g., polyphenols
and flavonoids from Java tea, curcuminoids from
turmeric, and phenolic acids from seed-under-leaf)
during foam-mat drying. The hydrophilic and film-
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forming properties of KGMH may have created a
protective matrix around these bioactive compounds,
reducing their exposure to oxidative
degradation and thermal damage during dehydration.

The enzyme concentration also played a critical
role in modulating antioxidant retention. Higher
enzyme levels (200 IU/g) generally improved
antioxidant activity in Thai KGMH samples likely
because controlled hydrolysis produced smaller KGM
fragments with increased solubility and better
interaction with antioxidants. These hydrolyzed
fractions may have formed a more cohesive protective
network during drying, preventing the loss of volatile
and heat-sensitive compounds [27]. Conversely,
Indonesian KGMH showed reduced antioxidant
activity at higher enzyme concentrations, possibly due
to excessive depolymerization, which weakened its
structural integrity and ability to entrap antioxidants
effectively.

The KGM concentration further  influenced
antioxidant preservation, with 20% KGM vyielding the
highest activity in most cases. This suggests that
intermediate concentration provides an optimal
balance between viscosity and film formation,
ensuring sufficient encapsulation without hindering
the release of antioxidants during analysis [28]. Lower
concentrations (10%) may have offered inadequate
protection, while higher concentrations (30%) could
have led to excessive gelation, trapping antioxidants
too tightly and reducing their measurable activity.

The foam-mat  drying  processitself  likely
contributed to the stabilization of antioxidants, as
the porous structure created by KGMH may have
facilitated rapid moisture removal while minimizing
prolonged heat exposure[17], [20]. The interaction
between KGMH and herbal bioactives could have also
mitigated oxidative reactions by forming hydrogen
bonds and hydrophobic associations, thereby
preserving their radical-scavenging capacity[29].

Table 5. Antioxidant activity using DPPH free radical scavenging and FRAP method of herbal drink powder with KGMH
as a binder in different sources and concentrations of enzyme and KGM.

Hydrolysis parameters

Antioxidant activity of herbal drink powder

Sample
code Enzymg KGM . DPPH free radlcal ERAP method
KGM Sources concentrations Concentrations scavenging (MMTE/g)
(1U/g) %(w/v) (mMTE/g) &
T 100-10 10 31.37+13.99¢98 55.43+11.9998b
T 100-20 100 20 46.30+3.47%82 89.22+4,00082
T 100-30 30 34.26+6.27%¢ 56.44+4 64%¢
Thailand
T 200-10 10 50.35+10.26°%° 93.53£9.8204b
T 200-20 200 20 46.05+11.58%2 75.71+5.89%4
T 200-30 30 42.28+12.08%A¢ 67.29+1.34%¢
B 100-10 10 5.48+0.72P8b 25.34+6.27P80
B 100-20 100 20 4.15+1.54P¢8a 20.09+2.95P82
B 100-30 30 2.83+0.28B8¢ 14.50+0.9788
Indonesia
B 200-10 10 3.55+0.21P4 14.20+1.97840
B 200-20 200 20 8.19+1.23kka 29.32+4.48P
B 200-30 30 2.17+0.18PAc 21.99+2.74PBA

Note: The results above show the mean value + standard deviation from three replicate measurements. In the post-hoc statistical
analysis, Greek letters indicate values that are significantly different (p < 0.05) based on the KGM source, uppercase letters indicate
values that are significantly different (p < 0.05) based on the enzyme concentration, and lowercase letters indicate values that are
significantly different (p < 0.05) based on the KGM concentration.
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4 CONCLUSION

This study successfully optimized the enzymatic
hydrolysis of konjac glucomannan (KGM) for foam-
mat drying of a multicomponent herbal blend
(turmeric, Java tea, and seed-under-leaf), addressing
the need for natural, functional binders in clean-label
food production. The findings demonstrated
that KGM source, enzyme concentration, and KGM
concentration significantly influenced the
physicochemical and antioxidant properties of the
resulting herbal powder. Thai KGMH, particularly
at 200 1U/g enzyme concentration and 20% KGM,
exhibited superior performance in preserving total
phenolic content (TPC), total flavonoid content (TFC),
and antioxidant activity (DPPH and FRAP) compared to
Indonesian KGMH. This suggests that variations in
KGM molecular  structure and hydrolysis
efficiency between sources play a critical role in
bioactive compound retention.

The enzyme concentration was a key
determinant of KGMH functionality, with moderate
hydrolysis (200 1U/g) enhancing the protective effects
of Thai KGMH by producing optimally sized
polysaccharide fragments that effectively
encapsulated antioxidants. Conversely, Indonesian
KGMH showed reduced efficacy at higher enzyme
levels, likely due to excessive breakdown of its
polysaccharide matrix. Additionally, KGM
concentration had a dose-dependent effect, with 20%
KGM providing the best balance between viscosity
and bioactive stabilization, ensuring optimal foam
formation and drying efficiency while minimizing
antioxidant degradation.

ACKNOWLEDGMENT

The authors thank to LPPM Universitas
Muhammadiyah Purwokerto for financial support in
Program Hibah Penelitian dan Pengabdian LPPM UMP
2024.

CONFLICT OF INTEREST

No potential conflict of interest was reported by
the author(s).

CREDIT AUTHORSHIP CONTRIBUTION STATEMENT

Alwani Hamad: conceptualization, methodology,
writing—original draft, resources, and editing,
supervision.

Zahwa Kinanti: investigation, data curation.

Pachara Pomsang: methodology, writing-review
editing.

Mubshair Naveed: Conceptualization, writing-
review editing.

Dwi Hartanti: conceptualization, methodology,
supervision, writing-review editing.

All authors have read and agreed to the published
version of the manuscript.

REFERENCES

[1] M. I. Shaik, I. H. Hamdi, and N. M. Sarbon, “A
comprehensive review on traditional herbal
drinks: Physicochemical, phytochemicals and
pharmacology properties,” Food Chem. Adv.,
vol. 3, no. June, p. 100460, 2023, doi:
10.1016/j.focha.2023.100460.

[2] F. Aatab, F. Bellali, F. Z. Aboudamia, A. Errhif,
and M. Kharroubi, “Phenolic compounds and
in vitro antioxidant activity of spray-dried and
freeze-dried aqueous extracts of sea
cucumber (Holothuria tubulosa),” J. Appl. Biol.
Biotechnol., vol. 11, no. 6, pp. 158-167, 2023,
doi: 10.7324/JABB.2023.130990.

[3] O. S. Qadri, A. K. Srivastava, and B. Yousuf,
“Trends in foam mat drying of foods: Special
emphasis on hybrid foam mat drying
technology,” Crit. Rev. Food Sci. Nutr., vol. 60,
no. 10, pp. 1667-1676, 2020, doi:
10.1080/10408398.2019.1588221.

[4] X. Ni, K. Wang, K. Wu, H. Corke, K. Nishinari,
and F. Jiang, “Stability, microstructure and
rheological behavior of konjac glucomannan-
zein mixed systems,” Carbohydr. Polym., vol.
188, no. November 2017, pp. 260-267, 2018,
doi: 10.1016/j.carbpol.2018.02.001.

[5] A. Hamad, S. Suriyarak, S. Devahastin, N.
Chiewchan, and C. Borompichaichartkul,
“Enhancement of encapsulation efficiency
and in vitro bioaccessibility of spray-dried
curcumin microcapsules by selected bio-
coating materials,” J. Food Sci., vol. 90, no. 3,
pp. 1-15, 2025, doi: 10.1111/1750-
3841.70085.

Research in Chemical Engineering, Volume 4 No. 1, 2025 (18 -29)

27



Alwani Hamad, Zahwa Kinanti, Pachara Pomsang, Mubshair Naveed, Dwi Hartanti,
Optimizing Konjac Glucomannan Hydrolysate (KGMH) as a Natural Binder in Foam Mat Drying for Functional Herbal Powder Drink

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

Z. Lin et al., “Physicochemical and Rheological
Properties of Degraded Konjac Gum by
Abalone (Haliotis discus hannai) Viscera
Enzyme,” Foods, vol. 13, p. 2158, 2024, doi:
https://doi.org/10.3390/foods13132158.

A. Haris, A. Hamad, H. Yulianti, D. Hartanti, and
M. Naveed, “Foaming Agents Affect the
Physicochemical and Antioxidants in Red
Dragon Fruit Powder Drinks from Foam Mat
Drying,” J. Appl. Sci. Eng. Technol. Educ., vol. 6,
no. 2,  pp. 143-154, 2024, doi:
https://doi.org/10.35877/454Rl.asci3327.

P. Pomsang et al., “Enzymatic hydrolysis and
biological activities of Konjac glucomannan
hydrolysate  in  different  degree  of
polymerisation,” Int. J. Food Sci. Technol., vol.
59, pp. 8341-8350, 2024, doi:
10.1111/ijfs.17548.

T. Cui, T. Wu, R. Liu, W. Sui, S. Wang, and M.
Zhang, “Effect of Degree of Konjac
Glucomannan Enzymatic Hydrolysis on the
Physicochemical Characteristic of Gluten and
Dough,” ACS Omega, vol. 4, pp. 9654-9663,
2019, doi: 10.1021/acsomega.9b00061.

J. Chen, D. Liu, B. Shi, H. Wang, Y. Cheng, and

W. Zhang, “Optimization of hydrolysis
conditions for the production of glucomanno-
oligosaccharides from konjac using f-
mannanase by response surface
methodology,” Carbohydr. Polym., vol. 93, no.
1, pp. 81-88, 2013, doi:

10.1016/j.carbpol.2012.05.037.

A. Hamad and D. Hartanti, “Multi-Response
Optimization of Antioxidant and Total
Phenols-Flavonoids Content of Polyherbal
Extract Drink from Turmeric, Java Tea, and
Seed-under-leaf,” BioResources, vol. 20, no. 1,
pp. 1676-1690, 2025, doi: DOI:
10.15376/biores.20.1.1676-1690.

D. Y. Susanti, W. B. Sediawan, M. Fahrurrozi,
and M. Hidayat, “Foam-mat drying in the
encapsulation of red sorghum extract: Effects
of xanthan gum addition on foam properties
and drying kinetics,” J. Saudi Soc. Agric. Sci.,
vol. 20, no. 4, pp. 270-279, 2021, doi:
10.1016/j.jssas.2021.02.007.

K. Trithavisup, K. Krusong, and K.
Tananuwong, “In-depth study of the changes
in properties and molecular structure of

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

cassava starch during resistant dextrin
preparation,” Food Chem., vol. 297, no.
January, p. 124996, 2019, doi:
10.1016/j.foodchem.2019.124996.

P. Chuchird, P. Pattarathitiwat, and A.
Pongprajak, “Formulation and evaluation of
physical, chemical and sensory properties of
instant  functional beverage powder
containing Pathum Thani fragrance rice, soy
protein and milk powder,” Food Res., vol. 8,
no. 3, pp. 394-401, 2024, doi:
10.26656/fr.2017.8(3).319.

AOAC, “Appendix F: Guidelines for Standard
Method Performance Requirements,” AOAC
Off. Methods Anal., pp. 1-17, 2016.

Y. Z. Cai and H. Corke, “Production and
properties of spray-dried Amaranthus
betacyanin pigments,” JFS Sens. Nutr. Qual.
Food, vol. 65, no. 6, pp. 1248-1252, 2000, doi:
10.1038/192943a0.

A. Hamad, S. Suriyarak, S. Devahastin, and C.
Borompichaichartkul, “A novel approach to
develop spray-dried encapsulated curcumin
powder from oil-in-water emulsions stabilized
by combined surfactants and chitosan,” J.
Food Sci., vol. 85, no. 11, pp. 3874-3884,
2020, doi: 10.1111/1750-3841.15488.

S.  H. Budnimath et al, “Physical,
reconstitution and phenolic properties of
instant drink mix prepared with Moringa
oleifera leaf, raw banana and whey protein
concentrate,” Meas. Food, vol. 11, no. July, p.
100108, 2023, doi:
10.1016/j.meaf00.2023.100108.

F. Wicaksana, D. Hartanti, and A. Hamad,
“Antioxidant Properties of Various Yacon Leaf
Water Extracts and Physicochemical Profile of
Decoction During Refrigerated Storage,”
Pharm. Pharm. Sci. J., vol. 11, no. 2, pp. 128-
136, 2024, doi: 10.20473/jfiki.v11i22024.128-
136.

D. Purnomo et al., “Effect of Drying Method on
Antioxidant Activity and Total Flavonoid
Content of Java Tea Crude Drug ( Orthosiphon
aristatus ),” Res. Chem. Eng., vol. 2, no. 1, pp.
29-33, 2023, doi:
https://doi.org/10.30595/rice.v2il1.87.

A. Wirantika et al., “Drying Methods Affecting
the Antioxidant Activity of Turmeric Crude

Research in Chemical Engineering, Volume 4 No. 1, 2025 (18 -29)

28



Alwani Hamad, Zahwa Kinanti, Pachara Pomsang, Mubshair Naveed, Dwi Hartanti,
Optimizing Konjac Glucomannan Hydrolysate (KGMH) as a Natural Binder in Foam Mat Drying for Functional Herbal Powder Drink

(22]

(23]

(24]

(25]

Drug,” Res. Chem. Eng., vol. 2, no. 2, pp. 51—
56, 2023, doi:
https://doi.org/10.30595/rice.v2i2.111.

D. Hartanti and A. Hamad, “Antioxidant
properties and interaction effects of a novel
polyherbal  formulation,”  Curr.  Trends
Biotechnol. Pharm., vol. 17, pp. 28-33, 2023,
doi: 10.5530/ctbp.2023.45.87.

V. L. Yap et al., “Evaluation of phytochemicals
and antioxidant potential of a new polyherbal
formulation TC-16: additive, synergistic or
antagonistic?,” BMC Complement. Med. Ther.,
vol. 23, no. 1, pp. 1-10, 2023, doi:
10.1186/512906-023-03921-0.

W. Wu et al., “Effects of Enzymatic Konjac
Glucomannan Hydrolysates on Textural
Properties, Microstructure, and Water
Distribution of Grass Carp Surimi Gels,” Foods,
vol. 11, p. 750, 2022, doi: https://
doi.org/10.3390/foods11050750.

E. S. Queiroz et al, “Spray drying and
characterization of lactose-free goat milk,”
Lwt, vol. 147, no. lJanuary, 2021, doi:
10.1016/j.lwt.2021.111516.

(26]

(27]

(28]

[29]

E. ilhan Dincer and H. Temiz, “Investigation of
physicochemical, microstructure and
antioxidant properties of firethorn
(Pyracantha coccinea Roemer var. Lalandi)
microcapsules produced by spray-dried and
freeze-dried methods,” South African J. Bot.,
vol. 155, pp. 340-354, 2023, doi:
10.1016/j.sajb.2023.02.024.

J. A. Kazlauskaite, I. Matulyte, M. Marksa, and
J. Bernatoniene, “Nutmeg Essential Qil, Red
Clover, and Liquorice Extracts
Microencapsulation Method Selection for the
Release of Active Compounds from Gel
Tablets of Different Bases,” Pharmaceutics,
vol. 15, no. 3, 2023, doi:
10.3390/pharmaceutics15030949.

S. Das et al.,, “Advances of cassava starch-
based composites in novel and conventional
drug delivery systems: a state-of-the-art
review,” RSC Pharm., vol. 1, no. 2, pp. 182—
203, 2024, doi: 10.1039/d3pm00008g.

I. Buljeta, A. Pichler, J. Simunovi¢, and M.
Kopjar, “Polysaccharides as Carriers of
Polyphenols: Comparison of Freeze-Drying
and Spray-Drying as Encapsulation
Techniques,” Molecules, vol. 27, no. 16, 2022,
doi: 10.3390/molecules27165069.

Research in Chemical Engineering, Volume 4 No. 1, 2025 (18 -29)

29



