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Consumption of protein and isoflavones is a natural approach to improving bone mass. Furthermore, antioxidant
compounds such as sappan wood powder have been shown to effectively prevent osteoporosis by protecting bone
cells from oxidative stress during bone formation and repair. This study aimed to develop a bone health drink
utilizing soybean sprout extract enriched with varying concentrations of sappan wood powder rich in brazilin, using
the foam mat drying method—known for its practicality and cost-effectiveness. The results indicated that adding
sappan wood powder did not significantly affect the water content or pH of the drink. However, significant increases
were observed in water activity (aw), solubility, hygroscopicity, and foam density, while foam stability decreased.
The brazilin content ranged from 12.50 to 35.07 ppm, correlating with enhanced antioxidant activity (21.81%—
53.93% radical scavenging activity, RSA) and total phenolic content (32.95-202.53 mg GAE/100 g). Although the
levels of vitamin D (12.25-16.58 1U/g), calcium (141.91-143.40 mg/100 g), and phosphorus (93.74-94.84 mg/100
g) remained statistically unchanged, calcium absorption increased significantly from 12.24% to 29.51% with the
addition of sappan wood powder. Therefore, this study successfully developed a bone health drink rich in calcium

and antioxidants, formulated from soybean sprout extract combined with sappan wood powder.

1. INTRODUCTION

Protein is essential for tissue repair, immune regulation, and muscle
maintenance [ 1]. Global demand for dietary protein continues to increase,
with animal-source foods remaining the predominant source of protein
in many regions despite growing interest in plant-based alternatives
[2,3]. However, increasing reliance on animal-derived protein has raised
concerns regarding animal welfare, potential adverse health effects, and
environmental sustainability [1]. Livestock production is recognized
as a major contributor to anthropogenic greenhouse gas emissions,
with methane from enteric fermentation representing one of the largest
emission sources within the agricultural sector [4].

Experts and researchers in food and nutrition have shown strong
interest in sustainable protein sources, particularly plant-based proteins
such as peas and soy. Plant-based proteins offer several advantages,
including lower environmental impact, improved sustainability, and
favorable nutritional profiles, making them promising alternatives
to animal-derived proteins [5]. Soybeans are a particularly notable
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source of plant-based protein, with their popularity attributed to
affordability, availability, nutritional value, and favorable sensory
attributes [6]. Soybeans have long been used to produce fermented
products such as tofu and tempeh [7]. The nutritional value of
soybeans is reported to increase after the germination process,
especially the presence of functional compounds such as amino
acids and polyphenols [8]. Previous studies have demonstrated that
soybean sprout consumption improves bone metabolism and increases
serum calcium levels in ovariectomized rats, indicating its potential
to support bone health [9,10]. In addition, germination enhances the
accumulation of bioactive compounds in soybean sprouts, particularly
proteins, isoflavones, and phenolic compounds, thereby improving
their nutritional and functional properties [11,12]. Isoflavones are
among the major bioactive compounds in soybean sprouts and
exhibit strong antioxidant activity, which may help reduce oxidative
stress associated with metabolic disorders [13]. Furthermore, due
to their phytoestrogenic activity, soy isoflavones have been widely
investigated for their potential role in maintaining bone health and
reducing bone loss in postmenopausal women [ 14].

Osteoporosis is a silent disease caused by an imbalance between bone
formation and resorption, often associated with the aging process.
The number of osteoporosis sufferers worldwide currently reaches
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200 million. Women are at a higher risk of osteoporosis fractures than
men [15]. The decline in estrogen levels during menopause is a major
contributor to decreased bone mineral density and an increased risk of
osteoporosis in women [ 16]. Furthermore, oxidative stress negatively
affects bone remodeling, resulting in reduced bone mineral density.
Since oxidative stress and inflammation contribute to osteoporosis,
dietary antioxidants have attracted considerable attention as nutritional
strategies to protect bone cells, maintain bone remodeling, and reduce
oxidative stress-related bone loss [17,18]. Recently, sappan wood
powder was reported to contain a very strong antioxidant compound,
sourced from the compound brazilin [19]. Brazilin, the principal
bioactive compound in sappan wood, exhibits various biological
activities, particularly antioxidant and anti-inflammatory properties,
making sappan wood a promising functional food ingredient [20].
Appropriate drying techniques and carrier agents are commonly
employed to preserve the stability of bioactive compounds during
processing and storage.

Calcium plays an essential role in bone mineralization and may
complement the bone-health benefits associated with soybean
isoflavones and antioxidant-rich sappan wood. This is because calcium
plays a crucial role in bone mineralization. Recent studies have reported
that a corn—soybean sprout formulation enriched with eggshell-derived
calcium improved oxidative stress markers and mitigated the effects of
estrogen deficiency in ovariectomized rats [21]. Vitamin D facilitates
intestinal calcium absorption and supports calcium utilization, making
it an important component of bone-health formulations [22]. Instant
beverage powders represent a practical delivery system for bioactive
compounds because they are convenient, have extended shelf life,
and are easily reconstituted prior to consumption. Foam-mat drying
has been widely applied in the production of instant beverage
powders because it shortens drying time while maintaining desirable
physicochemical properties and product quality [23,24]. Furthermore,
this technique produces powders with good solubility, acceptable
stability, and convenient reconstitution characteristics, making it
suitable for functional beverage development [25,26]. Therefore,
this study aimed to characterize the physicochemical properties and
antioxidant activity of an instant soybean sprout milk drink enriched
with sappan wood powder produced by the foam-mat drying method
as a potential functional beverage to support bone health.

2. MATERIALS AND METHODS

2.1. Materials

The materials used were Devon 2 variety soybeans obtained from
Balitkabi in Malang, sappan wood from farmers in Semarang, calcium

lactate, vitamin D3, maltodextrin, gum Arabic, sugar, and skim milk
powder for making instant drinks. Chemicals and enzymes for the
analysis of instant drinks used were distilled water, isooctane, ethyl
alcohol, methanol, ethanol, Folin-Ciocalteu, sodium carbonate,
gallic acid, DPPH, hydrochloric acid, titrating acid, pepsin enzyme,
pancreatin enzyme, potassium hydroxide, sodium bicarbonate, and
alpha-tocopherol.

2.2. Making instant drink

Germination was carried out for 36 hours under dark (light-free)
conditions. The production of soybean sprout milk began by preparing
the sprouts, which were then mixed with water at a ratio of 1:5 (w/v)
and blended for 5 minutes. The resulting mixture was filtered using a
muslin cloth to obtain the soybean sprout milk. The extracted milk was
subsequently used as the base material for the preparation of instant
soybean sprout milk [21,22]. The preparation of the instant beverage
was adapted from previous studies with modifications [23,26] using the
formulation presented in Table 1. A total of 200 mL of soybean sprout
milk was mixed with sappan wood powder at various concentrations,
heated at 70 °C for 10 minutes, cooled for 5 minutes, and subsequently
filtered. Other ingredients such as calcium, vitamin D, sugar, and
skim milk powder were added and mixed until fully dissolved.
Thereafter, 10% (w/v) maltodextrin was added as a foam stabilizer
and homogenized using a homogenizer for 2 minutes at 4,000 rpm,
followed by the addition of 1% (w/v) sodium stearoyl lactylate as a
foaming agent and further homogenization for 10 minutes at 10,000
rpm. The resulting foam was molded to a thickness of 2 mm on a glass
tray and dried in a cabinet dryer at 60 °C for 6 hours. The dried foam
sheets were then crushed to obtain an instant beverage powder with a
uniform particle size.

2.3. Measurement of water content, aw, and pH of instant
drinks

The water content of instant drinks was determined using a Shimadzu
moisture analyzer (MOCG63u, Japan). A Rotronic. Hygropalm-HP23-
Aw-A aw meter (Switzerland) was used to determine the aw value,
while the pH value of instant drinks was determined using a digital pH
meter (Hanna HI 1221, Singapore).

2.4. Measurement of the solubility of instant drinks

The solubility of instant drinks was obtained based on the amount of
sample dissolved in Aquadest media. The steps started with 1 g of
sample, dispersed in 100 ml of distilled water in a 250 ml beaker,
magnetically stirred at 25°C for 30 minutes, and centrifuged at 3,000

Table 1. Formula of instant soybean sprout—sappan wood drink.

Materials SS-0
Soybean sprout milk (ml) 200
Sappan wood powder (%) 0.0
Calcium lactate (%)* 0.3
Vitamin D3 (IU)* 600
Refined sugar (%)* 40
Skim milk powder (%)* 20
Maltodextrin (%)* 10
Sodium stearoyl lactylate (%)* 1

SS-1 SS-2 SS-3 SS-4
200 200 200 200
0.5 1.0 1.5 2.0
0.3 0.3 0.3 0.3
600 600 600 600

40 40 40 40
20 20 20 20
10 10 10 10

1 1 1 1

* Addition to soybean sprout milk

SS-0: 0% sappan wood powder; SS-1: 0.5% sappan wood powder; SS-2: 1% sappan wood powder; SS-3: 1.5% sappan wood powder, and SS-4:

2% sappan wood powder.
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rpm for 5 minutes at the same temperature. The supernatant was dried
in an oven at 105°C for 12 hours until it reached a constant weight.
Solubility was calculated as the ratio of the mass of the dissolved
sample to the mass of the initial sample [22].

2.5. Hygroscopicity measurement of instant drinks

The hygroscopicity of instant drinks was determined by preparing 1
g of sample and then placing it in a closed container with 75.5% RH
(saturated NaCl was prepared) at a temperature of 25°C. The sample
was left in the dark for 7 days in a closed container. Hygroscopicity is
the amount of water vapor absorbed by the sample during storage and
is expressed in % [22].

2.6. Measurement of foaming profile of instant drinks

Foaming capacity (FC) and foaming stability (FS) of instant beverages
were evaluated using a previously reported method [27]. A 1 g sample
of instant beverage was prepared, dissolved in distilled water, and
the pH was adjusted to 7.0. The sample was then homogenized using
a homogenizer for 5 minutes at 4,000 rpm, and the resulting foam
was transferred into a 250 ml measuring cylinder. The foam volume
formed after shaking was recorded at 0 and 30 minutes. The percentage
increase in volume indicates the FC and FS values calculated based on
the stability of the foam volume after shaking.

volume after shaking (ml)-volume before shaking (ml
R0 fier shaking (m) f g (m)

100
volume before shaking (ml)

Jfoam volume after time (t)(ml)
X

FS (%) = 100

initial foam volume (ml)

2.7. Measurements of the antioxidant activity of instant drinks

The antioxidant activity of instant drinks was determined using a
DPPH free radical scavenging assay with slight modifications [22].
Instant drink powder was initially extracted using ethanol for 24
hours. A total of 1 ml of extract was mixed with 1 ml of DPPH solution
and 2 ml of ethanol, vortexed, and incubated for 30 minutes at 37°C
in the dark. Absorbance was measured at a wavelength of 517 nm, and
antioxidant activity was expressed as % radical scavenging activity
(%RSA) relative to the control.

2.8. Measurement of total phenols in instant drinks

The Folin-Ciocalteu method was used in the determination of total
phenolics of instant drinks [22]. A total of 0.5 g of instant drinks was
extracted with 10 ml of 85% methanol, followed by shaking for 15
minutes to ensure complete extraction of the extract compounds. The
mixture was filtered, and 0.4 ml of the resulting filtrate was transferred
into a test tube. Next, 0.4 ml of Folin-Ciocalteu reagent was added,
and the mixture was shaken until homogeneous and allowed to
stand for 6 minutes. After that, 4.2 ml of 5% (w/v) sodium carbonate
solution was added, followed by shaking. The mixture was incubated
for 90 minutes at room temperature in the dark. The absorbance of
the solution was measured at a wavelength of 760 nm using a UV-Vis
spectrophotometer. A standard calibration curve was prepared using
gallic acid, and the results were expressed as milligrams of gallic acid
equivalents per gram of sample (mg GAE/100g).

2.9. Measurement of the brazilin content of instant drinks

Analysis of brazilin levels in instant drinks was carried out by high-
performance liquid chromatography (HPLC) using a system from

Waters (Massachusetts, USA) equipped with a quaternary pump,
online degassing, an autosampler, and a photodiode array detector.
The detector was set at a wavelength of 286 nm. Separation of analytes
used a Reliant C18 analytical column with dimensions (150 x 4.6 mm,
5 um). A mixture of water (A) and acetonitrile (B) was used as the
mobile phase with the following gradient program: 0.00-2.00 minute
(15% B); 2.00-5.00 minute (15%—25% B); 5.00-9.00 minute (25%
B); 9.00-9.10 minute (25%-100% B); 9.10-13.00 minute (100% B);
13.00-13.10 minute (100%—15% B); 13.10-17.00 minute (15% B),
with a flow rate of 1.0 ml/minute and a temperature of 40°C. A total
of 10 g of instant drink was dissolved in 50 ml of methanol and then
extracted using sonication at 30°C for 30 minutes. This extraction
process was repeated three times. The solvent was then evaporated
using an evaporator. The dry extract obtained was then dissolved in
1,000 pl of methanol with a concentration of 10 mg. The solution was
then diluted 10 times and filtered using a 0.22-um PTFE filter, and 5 pl
of sample was injected into the HPLC system [19].

2.10. Measuring vitamin D levels in instant drinks

The vitamin D content of instant drinks was determined based on the
method of Aminah et al. [22]. A total of 100 mg of sample was extracted
using 5 ml of isooctane-ethanol mixture with a ratio of 1:3 (w/w); the
sample was then vortexed for 5 minutes and filtered through Whatman
No. 1 filter paper. The extraction was repeated on the residue, and the
filtrates were combined. Absorbance was measured at a wavelength
of 264 nm using a UV-Vis spectrophotometer. A standard curve was
prepared using vitamin D, (5-20 ppm). The vitamin D concentration
obtained from the calibration curve was converted to International Units
using the conversion factor of 1 IU = 0.025 pg vitamin D,, and the
results were expressed as International Units per gram of sample (IU/g).

2.11. Measurement of calcium and phosphorus levels in instant
drinks

Calcium and phosphorus levels in instant drinks were analyzed using
atomic absorption spectroscopy (AAS). A 1 g sample was preheated
on a hot plate and then fired in a muffle furnace at 550°C until
complete ash was obtained. The ash was dissolved in distilled water
and diluted to 100 ml in a volumetric flask. To minimize interference,
1 ml of lithium oxide solution was added. Calcium and phosphorus
concentrations were measured using AAS and expressed in ppm [22].

2.12. Measurement of calcium absorption of instant drinks

The method described by Aminah et al. [22] was used in the
measurement of calcium absorption. An instant drink with a protein
content of approximately 2 g was prepared by adding distilled water
to a final volume of 75 ml. The pH was adjusted to 2 using 4 N HCL
Aliquots of 20 g were placed in vials for dialysis calcium determination
and into beakers for titration acid analysis, while 5 g was set aside for
total calcium measurement. Each vial and beaker received 1 ml of
pepsin suspension, was tightly closed, and was incubated at 37°C for
2 hours in a shaking water bath. Next, 5 ml of pancreatin-bile solution
was added to the beakers, followed by titration to pH 7.5 using 0.5
N KOH. The dialysis bag was filled with 20 ml of NaHCO, solution,
which was prepared according to the results of the previous titration.
The vials containing the pepsin-treated samples were incubated
at 37°C with constant stirring; the dialysis bag was inserted and
incubated for 30 minutes. Then, 5 ml of pancreatin-bile was added to
each vial, and incubation was continued for 2 hours. Dialyzed calcium
was measured by centrifuging 25 ml of the vial solution at 13,000
rpm for 30 minutes. A total of 2 ml of supernatant and dialysate were
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mixed separately with 1 ml of protein precipitant and allowed to stand
overnight, followed by centrifugation at 3,400 rpm for 10 minutes.
Calcium content was analyzed using AAS with wet ashing. Calcium
bioavailability was calculated as the percentage of dialyzed calcium
relative to the total calcium in the initial sample.

2.13. Statistical analysis

All experiments were performed in quintuplicate, and the results are
presented as the mean plus or minus the standard deviation. Statistical
analyses were carried out using SPSS software (version 20.0; IBM
Corp., Armonk, NY, USA). One-way analysis of variance was applied
to determine significant differences among the samples. When
significant differences were detected (p < 0.05), mean comparisons
were performed using Duncan’s Multiple Range Test (DMRT).

3. RESULTS AND DISCUSSION

3.1. Moisture content and a

Moisture content plays an important role in determining the quality of
powdered products, particularly with respect to shelflife, hygroscopicity,
and texture. The moisture content of the instant beverages ranged from
4.19% to 4.27% (Table 2) and was not significantly affected by the
addition of sappan wood powder, although a slight increasing trend
was observed. The relatively low moisture content obtained in this
study is favorable for storage stability, although the optimal moisture
level depends on the product composition and storage conditions [28].
In contrast, the water activity significantly increased from 0.31 to 0.39
with the addition of sappan wood powder. Nevertheless, these aw values
remain sufficiently low to restrict the growth of most microorganisms
and are considered appropriate for dry powdered products [29]. The
slight increase in aw may be associated with interactions between
polyphenolic compounds from sappan wood and soybean proteins,
which could influence the water-binding properties of the powder.

3.2. pH

Product pH is an important parameter in instant drinks because it can
affect the stability of bioactive components and sensory characteristics.
Table 2 shows that the addition of sappan wood powder did not affect the
pH of the resulting instant drink. The pH values ranged from 6.82 to 6.91.
The pH value can be influenced by the presence of phenolic compounds,
Hasanah et al. [30] which release H+ ions, thereby decreasing the
product’s pH. Hasanah et al. [30] reported that sappan wood contains
high and diverse phenolic compounds, particularly brazilin [19,20].
However, the protein and mineral components in soybean sprout extract
have good buffering capacity [22], so the addition of sappan wood at a
concentration of 0.5%—2% did not cause drastic changes in the pH of
the instant drink.

3.3. Solubility

The solubility of instant beverages made from soybean sprouts
prepared using the foam mat dryer method ranged from 73.76% to
78.67% (Table 2). This value is higher than that of instant beverages
made from pumpkin powder prepared using the same method, which
was 62.14%—-69.06% [24]. However, the solubility of the instant
beverage in this study was lower than our previous product prepared
by spray drying, reaching 94.02% [22]. However, the specific spray-
drying technique dries components that can be completely dissolved.
The equipment used is also relatively expensive, causing cost-related
problems, while the foam mat dryer method can overcome this problem
[26]. Interestingly, the solubility of the instant beverage increased in
line with the increase in the concentration of sappan wood powder in
the formula. The presence of bioactive components from sappan wood
powder will increase the availability of hydroxyl groups. The higher
the number of free hydroxyl groups available, the more significantly
the product’s solubility increases [30]. Solubility is generally inversely
proportional to the product’s water content. However, the instant
drinks in this study showed more varied results. Nevertheless, the
use of appropriate coating materials is key to increasing the solubility
of encapsulated products. Preferred coating materials are generally
hydrophilic, containing more hydroxyl groups.

3.4. Hygroscopicity

Table 2 shows that the addition of sappan wood powder encapsulated
with soybean sprout hygroscopicity values ranged from 20.73% to
23.08%, with significant differences observed among treatments,
except between SS-1 and SS-2, which showed comparable values
extract affected the hygroscopicity of the resulting instant beverages.
All instant beverage samples showed significantly different
hygroscopicity among treatments, ranging from 20.73% to 23.08%
(Table 2). Hygroscopicity increased with the addition of sappan wood
powder to the formula, linearly with the resulting product’s solubility.
Hygroscopicity is an important quality attribute of powdered foods
because it influences powder flowability, caking tendency, and storage
stability [31]. Lower hygroscopicity values indicate a reduced tendency
of the powder to absorb moisture from the surrounding environment.
Furthermore, the tendency of the product to be hygroscopic increases,
which is then followed by characteristics that are more easily dissolved.

3.5. Foaming properties

The average FC and FS values of instant drinks are presented in
Figure 1, ranging from 20.93% to 46.32 % and 77.99% to 91.13 %,
respectively. The relatively high FC value may be associated with
the protein-containing formulation, as proteins contribute to foam
formation and stabilization in foam-mat drying systems [23]. The FC of
instant drinks prepared by the foam mat dryer method is generally high,

Table 2. Physicochemical properties of instant soybean sprout-sappan wood drink.

Parameter SS-0 SS-1

Moisture (%) 4.19+0.11° 4.20 +0.05*
a, 0.31+0.02° 0.34 +0.02"
pH 6.87 +0.07° 6.90 +0.09°
Solubility (%) 73.76 £ 0.41° 74.59 +£0.29°
Hygroscopicity (%) 20.73 +£0.24° 21.27+0.24°

SS-2 SS-3 SS-4
4.25+0.05° 4.23 +0.08° 4.27 +0.06*
0.37+£0.02° 0.35+0.01% 0.39 +0.02¢
6.82+£0.10° 6.91 £0.06* 6.89 + 0.06°
76.05+0.31¢ 77.31+0.394 78.67 £ 0.46¢
21.31+0.14° 22.04+0.13¢ 23.08 +0.59¢

Values are presented as mean =+ standard deviation (n = 5).

Different superscripts on the same row indicate significant differences (p < 0.05).
SS-0: 0% sappan wood powder; SS-1: 0.5% sappan wood powder; SS-2: 1% sappan wood powder; SS-3: 1.5% sappan wood powder, and SS-4:

2% sappan wood powder.
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considering the use of foaming agents in their preparation. The increase
in FC of instant drinks along with the addition of sappan wood powder
can be attributed to the influence of phenolic compounds and soluble
fiber, which contribute to an increase in total soluble solids, resulting in
a denser foam. In contrast to FC, the addition of sappan wood powder
to the formula significantly reduced the FS of the resulting instant drink.
However, the FS value in this study was still better than the FS value of
instant pumpkin drinks, which only reached 65.11%-78.25% [24]. This
means that the phenolic compounds in sappan wood powder disrupt the
foaming structure, significantly reducing its stability.

3.6. Chemical properties

The phenolic and brazilin compounds in sappan wood powder are
parameters that contribute to the antioxidant activity of instant drinks.
Phenolic compounds have been confirmed as hydrogen donors and
free radical scavengers, so the higher the phenolic content, the greater
the antioxidant capacity of the drink. The test results presented in
Table 3 show that the addition of sappan wood powder significantly
increased antioxidant activity (21.81%—-53.93% RSA), total phenolics
(32.95-202.53 mg GAE/100 g), and brazilin levels (0.00-35.07
ppm). The greater the percentage of sappan wood powder added,
the greater the presence of bioactive compounds produced in instant
drinks. The observed increase in antioxidant activity was consistent
with the increase in total phenolics and brazilin. Sappan wood is a
source of brazilin and brazilein, both phenolic pigments that act as
potent antioxidants through lipid oxidation inhibition and free radical
scavenging mechanisms [19,20]. These results align with previous
reports that polyphenols contribute to increased antioxidant activity
[32]. Brazilin, a polyphenol, can neutralize hydroxyl radicals,

resulting in strong antioxidant properties. Therefore, the development
of instant products enriched with sappan wood as a source of brazilin
has attracted considerable research interest.

3.7. Vitamin D

The results of the vitamin D analysis of instant drinks are presented in
Table 4. Instant drinks made from control soybean extract and those
supplemented with sappan wood powder were observed to contain
vitamin D (12.25-16.58 TU/g). In general, there was no effect of adding
sappan wood powder on vitamin D content. Instant drinks with 1.5%
sappan wood powder added had the lowest vitamin D content. This
finding indicates that vitamin D fortification in instant soybean-based
drinks remains stable even when formulated with sappan wood powder.
Vitamin D fortification of dairy products has been shown to improve
vitamin D status and support calcium utilization, thereby contributing to
bone health [33]. Food fortification is considered an effective strategy
for improving vitamin D intake and addressing inadequate vitamin D
status through commonly consumed foods and beverages [34].

3.8. Mineral content

Calcium and phosphorus levels in instant drinks ranged from 141.91
to 143.40 mg/100 g and 93.74 to 94.84 mg/100 g, respectively (Table 4).
It appears that the addition of sappan wood powder, which is high in
antioxidants, did not affect the presence of these minerals in instant
soybean sprout extract-based drinks. Calcium levels in this study were
higher than those found in instant cereal sprout drinks, which only
ranged from 36.5t027.1 mg/100 g[35]. Calcium intake is crucial for the
body, particularly for the growth and maintenance of bones and teeth.

Table 3. Bioactive compounds in instant soybean sprout—sappan wood drink.

Formula Antioxidant Activity (%RSA) Total Phenolic (mg GAE/100g) Total Brazilin (ppm)
SS-0 21.81+0.95° 32.95+0.90° 0.00 £ 0.00*
SS-1 32.39+£0.62° 103.71 +0.92° 12.50 +1.23°
SS-2 37.53+0.37¢ 141.80 + 0.96° 22.44 +1.77¢
SS-3 42.88 +£0.91¢ 182.56 + 0.88¢ 28.72 +0.91¢
SS-4 53.93 +£0.82¢ 202.53 £0.92¢ 35.07 £ 1.08°

Values are presented as mean + standard deviation (n = 5).

Different superscripts on the same column indicate significant differences (p < 0,05).
SS-0: 0% sappan wood powder; SS-1: 0.5% sappan wood powder; SS-2: 1% sappan wood powder; SS-3: 1.5% sappan wood powder,

and SS-4: 2% sappan wood powder.
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Figure 1. Foaming capacity and stability of instant soybean sprout—sappan wood drink. SS-0: 0% sappan wood powder; SS-1: 0.5% sappan wood powder; SS-2: 1%
sappan wood powder; SS-3: 1.5% sappan wood powder, and SS-4: 2% sappan wood powder. Values with the same superscript are not significantly different (p < 0.05).
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Table 4. Vitamin D, calcium, and phosphorus content of instant soybean sprout-sappan wood drink.

Formula Vitamin D (IU/g)
SS-0 14.52 £2.73%
SS-1 14.54 £ 3.64°
SS-2 16.58 £2.11*
SS-3 12.25+3.07
SS-4 1541 £2.53¢

Total calcium (mg/100g)

Total phosphorus (mg/100g)

141.91 £ 3.09* 94.84 +2.90°
143.04 £ 3.87* 94.74 + 3.00°
142.03 £ 3.08* 93.74 £1.78
142.96 £ 2.24* 94.03 £2.09°
143.40 £2.39* 94.73 £2.02¢

Values are presented as mean =+ standard deviation (n = 5).

Different superscripts on the same row indicate significant differences (p < 0,05).
SS-0: 0% sappan wood powder; SS-1: 0.5% sappan wood powder; SS-2: 1% sappan wood powder; SS-3: 1.5% sappan wood

powder, and SS-4: 2% sappan wood powder.
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Figure 2. Calcium absorption of instant soybean sprout—sappan wood drink.
SS-0: 0% sappan wood powder; SS-1: 0.5% sappan wood powder;
SS-2: 1% sappan wood powder; SS-3: 1.5% sappan wood powder, and
SS-4: 2% sappan wood powder. Values with the same superscript are not
significantly different (p < 0.05).

Furthermore, calcium plays a role in supporting cardiovascular health
and maintaining fluid balance, which is essential for life functions
[36]. Phosphorus also plays a crucial role in normal bone formation.
Recent research indicates that the ideal calcium: phosphorus ratio is
1:1 (molar) or 1.3:1 (by weight). Phosphorus deficiency can result in
impaired mineral deposition and the accumulation of unmineralized
osteoid, which is characteristic of bone diseases such as rickets and
stunted growth in children and osteomalacia in adults [37].

3.9. Calcium absorption

Calcium absorption is influenced by the availability of vitamin D.
Previous studies have shown that calcium fortification of soybean sprout
extract significantly increases calcium absorption [22]. In this study,
calcium absorption in an instant drink with a control formula was the
lowest (12.24%), while the addition of up to 2% sappan wood powder
significantly increased calcium absorption to 29.51% (Fig. 2). Adequate
calcium absorption is essential for maintaining calcium homeostasis and
supporting bone mineralization, thereby contributing to bone health [38].

4. CONCLUSION

The foam mat drying method was successfully applied to produce
an instant soybean sprout drink powder enriched with sappan wood
powder as a potential bone health drink. The addition of sappan wood
powder increased the water content, aw, pH, solubility, hygroscopicity,
and foam density of the instant drink. Furthermore, increasing
the concentration of sappan wood powder significantly enhanced
antioxidant activity, total phenolic content, and brazilin content, while
reducing foam stability. The addition of sappan wood powder did not

significantly affect the vitamin D, calcium, or phosphorus contents of
the instant drink. In addition, the calcium absorption capacity of the
instant drink increased with increasing levels of sappan wood powder.
Further studies on sensory properties, storage stability, microbiological
quality, safety, and consumer acceptability are needed to support the
development and commercial application of this product.
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