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Abstract

The rising consumption of packaged sweetened beverages contributes to high sugar intake among Indonesians,
increasing the risk of obesity and diabetes. As lifestyle awareness improves, consumers are shifting toward functional
plant-based beverages, such as multigrain beverages. These drinks combine cereals and legumes, including sorghum, red
beans, mung beans, black rice, and sweet corn, providing soluble fiber, phenolics, vegetable protein, and antioxidants that
support metabolic health and help stabilize blood sugar. However, developing multigrain beverages remains challenging
due to physical stability issues, particularly particle size, which affects product homogeneity and overall performance.
Therefore, this study aims to highlight the effect of xanthan gum stabilizer concentration and sieve size on the physical,
physicochemical, functional, sensory, and nutritional quality of multigrain beverages. The formula used consists of
19.75% sweet corn, 20% red beans, 25% mung beans, 10.25% black rice, and 25% sorghum. The results showed that
adding 0.06% xanthan gum and using 115-mesh sieves produced the smallest, most homogeneous particle size, thereby
increasing physical stability during storage. The product also achieved a sensory acceptance level of “quite favorable”
due to its cereal and nut flavors. Nutritional analysis showed an air content of 90.46%, ash 0.18%, protein 2.23%, fat
0.65%, carbohydrate 6.48%, dietary fiber 1.30%, total phenolics 29.9 mg GAE/100 g, antioxidant activity 25% inhibition,
and total sugar 0%. With a sugar content of 0 g/100 mL and a dietary fiber content of 10.40% RDA, this multigrain

beverage has the potential to be a low-sugar RTD alternative with a “less sugar” claim and high functional value.

Keywords: Cereals, Functional Characterization, Legume, Multigrain beverages, Physcial quality stability, Quality
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Introduction

People tend to consume packaged sweetened excessive consumption of packaged sweetened
beverages in addition to mineral water/bottled drinking beverages is associated with the risk of obesity, diabetes,
water. Sweetened beverages include all packaged and other cardiovascular diseases [2]. The increase in

sweetened beverages (both sugar-sweetened and those diabetes incidence is inseparable from Indonesian

containing other sweeteners), whether in powder,
concentrate, or liquid. One type of sweetened beverage
is the RTD (Ready-to-Drink) category. These RTD-type
packaged beverages are typically high in calories and
sugar [1]. Due to their high sugar and calorie content,

consumers’ preference for sweetened drinks with added
sugar [3], states that Indonesia ranks third in Southeast
Asia in consumption of sweetened drinks with added
sugar, at 20.23 liters/person/year. The 2014 Individual
Food Consumption Survey (IFCS) also showed that
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11.8% of Indonesians consumed more than the WHO
recommendation of 50 g of sugar per day [4] One
approach to controlling this incidence is to manage
lifestyle [5]. Changes in people's lifestyles have led to a
decrease in sweetened beverage consumption, driven by
increased public awareness of health, quality, and food
safety [6]. This condition has encouraged people to
switch to more nutritious drinks to support a healthy
lifestyle.

One increasingly popular choice is functional
plant-based beverages, namely multigrain RTDs.
Multigrain beverages are non-dairy, plant-based
functional beverages. These drinks were chosen because
they are practical, easy to consume, and utilize the
potential of local Indonesian foods such as black rice,
mung beans, sweet corn, and other cereals. Multigrain
beverages are also used as an alternative for consumers
with lactose intolerance, cow’s milk allergies, and
hypercholesterolemia, including vegetarians [7]. Non-
dairy drinks are formulated with ingredients that have a
low glycemic index, such as cereals and nuts, to produce
a lower glycemic response. Common ingredients
include sorghum with a GI of 32, red beans with a GI of
26 [8], mung beans with a GI of 28.87 [9], black rice
with a GI of 47.21 [10] and sweet corn with a GI of 36
[11]. These ingredients also contain high levels of
soluble fiber and phenolics. This fiber can slow glucose
absorption, making it suitable for individuals at risk of
diabetes or those who want to maintain stable blood
sugar levels.

Meanwhile, phenolic compounds have antioxidant
potential that can eliminate harmful free radicals in the
body [12]. Multigrain beverages contain various
additional nutrients, including plant-based protein,
unsaturated fatty acids, and B-complex vitamins. These
multigrain ingredients can lower total cholesterol levels,
lower blood pressure, aid weight loss, and control blood
sugar [13]. Multigrain beverage products are developed
to provide health benefits and have good physical
qualities and nutritional content. The process of creating
functional beverages presents various challenges, one of
which is determining a formula with the best physical
stability. The physical stability of a food product is
crucial in deciding quality [14]. Particle size is a critical
factor influencing the physical characteristics, quality,
and functional properties of multigrain beverages. The

refining and filtering processes using different sieve

sizes will yield distinct particle distributions, thereby
affecting the homogeneity, viscosity, and stability of the
beverage suspension [15]. Larger particles will settle
more quickly than smaller particles. The stability of the
resulting beverage depends on the type of raw material,
the processing method used, and the storage
temperature. With smaller, evenly suspended particles,
multigrain beverages do not undergo phase separation
quickly and remain stable, thus maintaining their shelf
life [16,17],

This indicates that the physical properties of
multigrain  beverages require further research,
particularly in formulating the formulation for
multigrain beverage production, and that this has not yet
considered panelist sensory acceptance and nutritional
value. The use of stabilizers is an essential aspect in
improving overall physical quality. Based on research
by [18], xanthan gum is used in beverage production to
improve texture and stabilize aroma and flavor. In
orange juice, using xanthan gum (0.02% - 0.06%) can
stabilize fruit pulp suspensions, increase viscosity, and
maintain turbidity and sensory quality stability.
Furthermore, particle size, as determined by sieve mesh
sizes, also influences the physicochemical properties of
beverages. Based on research by [19], differences in
sieve size affect viscosity. A higher mesh size results in
a lower viscosity. Fiber content is also affected by
different mesh filter treatments. A larger pore size
allows more fibers to pass through the filter, thereby
increasing the fiber content of the fruit juice.

Therefore, this study aimed to evaluate the effects
of various stabilizer concentrations and sieve sizes on
the overall quality of beverages, including the
characterization of physicochemical, functional, and
sensory properties, as well as the calculation of the

nutritional value of multigrain beverage formulas

Material and methods

Materials

The raw materials used in this study were exotic
sweet corn varieties and red beans obtained from
Kemang Main Market, Bogor. Burma green beans were
obtained from Anyar Market, Bogor. Other materials
used were bioguma sorghum variety (sorghum foods
brand, PT. Sedana Panen Sejahtera), cempo ireng black
rice variety (bio organic rice), water, and sucralose sugar
(Shandong Kanbo Biochemical Technology Co., Ltd.),
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and vegetable stabilizer (xanthan gum) obtained from
online stores. The tools used to make the samples were
sieve sizes (80, 100, and 115 mesh), a Fomac blender
(ICH-DS7), arice cooker (Philips HD3017), a hydraulic
press, a plastic container, a 300 mL polyethylene
terephthalate (PET) bottle, and a pan.

Research implementation

The research consisted of three stages, namely
characterization of raw materials and production of
multigrain beverages; evaluation of physical properties
using different mesh sieves and different stabilizer
concentrations; characterization of chemical and
functional properties of selected drinks, and sensory
analysis with a hedonic rating test comparing selected
formula samples with similar commercial products to
obtain nutritional value information from the selected

formulas.

Preparation of multigrain beverage

The stages of making multigrain beverage
products, as modified from [20], are as follows: The
process begins with sorghum, red beans, and mung
beans being ground with a Satake Grin Mill for 45
seconds to separate the husk. Red beans and mung beans
are soaked for 7 h to facilitate the following process.

Both ingredients are boiled for 20 min at 100 °C, while
sweet corn is boiled for 5 min at the same temperature.
Sorghum and black rice are washed and cooked in a rice
cooker at a 1:5 ratio to make rice. Each ingredient is
weighed in the following proportions: 19.75% sweet
corn, 20% red beans, 25% mung beans, 10.25% black
rice, and 25% sorghum. Next, the ingredients are ground
with 900 mL of water per 300 g of the mixture until
homogeneous, using a Fomac blender at 2,000 rpm for
2 min. The suspension is filtered through a filter cloth,
and the dregs are squeezed under hydraulic pressure to
obtain an extract, which is filtered again until the dregs
are dry. The beverage was then pasteurized at +85 °C for
30 min. Sucralose (0.002%) was added to the beverage
after filtration, based on the beverage’s weight. The
beverage was stored in PET bottles in a refrigerator at 4
°C.

Physical property evaluation was conducted using
the same multigrain beverage manufacturing process
with three sieve sizes (80, 100, and 115 mesh) and three
xanthan gum stabilizer concentrations (0.02%, 0.04%,
and 0.06%) as described by [21]. The evaluation was
conducted for 10 days on days 0, 2, 4, 6, 8, and 10. The
study used a completely randomized design (CRD) with
two factors, yielding nine treatment combinations, each

replicated twice, for a total of 18 experimental units.

Table 1 Formulation of ingredients for multigrain beverage products.

Ingredient . .
. (Xanthan gum + Sieve sizes)
Composition
Al1B1 Al1B2 Al1B3 A2B1 A2B2 A2B3 A3B1 A3B2 A3B3
Xanthan gum
d Sieve size (0.02%: (0.02%: (0.02%: (0.04%: (0.04%: (0.04%: (0.06%: (0.06%: (0.06%:
an
80 mesh) 100 mesh) 115 mesh) 80 mesh) 100 mesh) 115 mesh) 80 mesh) 100 mesh) 115 mesh)
Corn sweet 19.75% 19.75% 19.75% 19.75% 19.75% 19.75% 19.75% 19.75% 19.75%
Red beans 20% 20% 20% 20% 20% 20% 20% 20% 20%
Mung beans 25% 25% 25% 25% 25% 25% 25% 25% 25%
Black rice 10.25% 10.25% 10.25% 10.25% 10.25% 10.25% 10.25% 10.25% 10.25%
Sorghum 25% 25% 25% 25% 25% 25% 25% 25% 25%

Description: The multigrain combination used is the result of the formula per 300 g of multigrain mixture weight.

Determination of physicochemical properties of
multigrain beverage

Proximate analysis

The raw materials, namely boiled red beans,
boiled green beans, black rice, sorghum rice, and boiled
sweet corn, as well as the selected multigrain beverage
formula, were analyzed proximately on the parameters

of water content, ash content, fat content based on

AOAC 2012; protein content based on AOAC 960.52-
1961; carbohydrate content (by difference).

Determination of viscosity

The viscosity of the beverages was measured
using spindle number 2 and 3 of a Brookfield
(Brookfield DV III model; Ametek Brookfield Analog,
Jepang) viscometer at 30 rpm [22].
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Determination of turbidity

Turbidity testing is performed using a turbidity
meter by placing 10 mL of sample into a bottle. The
turbidity value in NTU will appear on the monitor after
the indicator light goes out (Ezdo TUB-430, Taiwan)
[23].

Determination of total solids

The total solids present in beverage were
estimated by drying 5 mL beverage sample taken in a
pre-weighed dish at 105 - 110 °C to constant weight for
3 h[21].

Determination of particle size analyzer

Particle size was analyzed using laser diffraction
(Malvern Mastersizer 45 mm lens, China). Samples
were diluted 10-fold using the same continuous phase to
maintain particle size. Particle size distributions were
reported as d10 values, which represent the fine particle
fraction and describe the smallest particles. Other
distribution parameters were not evaluated in this study
[24].

Determination of suspension stability

The beverage samples were poured in
polyethylene terephthalate (PET) bottles and were
stored quiescently at 4 °C during the study. Visual
suspension stability was made by looking for a
demarcation line between upper and lower portions of
the beverage after a 10-day period of quiescent storage
at refrigerated temperature. If a line of demarcation was
observed, its height was measured and the sepa ration
index was calculated as a ratio to total height of the
bever age. The separation index would be 1 if no line
was observed. Separation index (SI) = HtHo where, Ht
is the height of the lower phase at the interface after time
“t” and Ho is the initial height of the beverage [21].

Instrumental color analysis

Color is measured with (a Minolta CR-300,
Jepang) Chromameter using the Hunter system (L, a*,
and b*) [25].

Nutritional characterization of multigrain
beverages

Determiation of total dietary fiber content

Total dietary fiber analysis was performed by
weighing 1 g of sample, adding pH 6.0 phosphate buffer
solution, and heating for 15 min after adding termamyl.
After standing and adjusting to pH 7.5, protease was
added and incubated for 30 min at 60 °C. The mixture
was then adjusted to pH 4.0 - 4.6 with 0.1 M HCl, and
enzime amyloglucosidase was added; incubation was
continued for another 30 min. After being precipitated
with 95% ethanol for 60 min, it was filtered, washed,
dried, and weighed. The residue was then analyzed for
protein (Kjeldahl) and ash (combustion at 525 °C), and
the final weight was calculated by subtracting the

crucible and celite weights.

Blank (mg) = residue weight — PB — AB
Total dietary fiber = ((residual weight - P-A-B))/W x 100% (D)

Determination of the total phenolic content

Total phenolic content (TPC) was determined
using the Folin—Ciocalteau assay [26]. Methanol
extracts of phenolics (200 pL) from the grains or
beverage were diluted to 1 mL with distilled water. To
this solution, 1 mL of diluted Folin-Ciocalteau’s reagent
(1:10) and 0.8 mL of 7% sodium carbonate solution
were vortexed and incubated for 30 min. The
absorbance was measured at 725nm and expressed as
gallic acid equivalents (mg GAE/100 g sample).

Determination of total sugars

The sample was weighed, added with 40 mL of 3%
HCI, and heated in a water bath for 3 h. After cooling,
the pH was adjusted to 7 with 0.1 M NaOH, then the
sample was filtered, and the volume was adjusted to 100
mL. A total of 10 mL of the filtrate was reacted with
distilled water and Luff-Schoorl solution, then boiled for
3 min and maintained for 10 min. After cooling on ice,
KI and H.SO4 were added, and the mixture was titrated
with 0.1 M Na.S:0; using starch as an indicator. The
Luff-Schoorl solution was made from citric acid and
CuSO4'5H20.

Total sugars (%) = (W1 xFP)/W x 100% 2)
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Determination of DPPH radical scavenging
activity

The antioxidant activity of the sample extracts was
measured based on the scavenging of the stable DPPH
radical [26], To concentration 50 pL of the sample
extract, 3.95 mL of methanol, and 1 mL of a 0.2 mmol
methanol solution of DPPH were added. After 30-
minute incubation period in the dark at room
temperature, the absorbance was measured against a
methanol blank (containing all reagents except the test
compound) at 517 nm. Inhibition of free radical DPPH
was calculated in percent (%) using the formula.

Sensory analysis-hedonic scale

Sensory evaluation of beverages was conducted by
70 semi-trained panelists who were habitual consumers
of grain-based beverage products, had educational
backgrounds in food technology, and had not undergone
formal sensory training. Assessments were conducted
using a 7-point hedonic scale (1 = dislike very much to
7 = like very much). Samples were served in coded
glasses at room temperature (25 °C). Parameters

against commercially available soy-grain beverage
products. Number Ethical
1802/IT3.KEPMSM-IPB/SK/2025.

Approval:

Statistical analysis

Data from physical evaluation, chemical analysis,
and functional characterization were analyzed using
Microsoft Excel paired sample t-test and Minitab
(ANOVA) with a 95% confidence level. Statistical
analysis for sensory testing was performed using
Microsoft Excel and XLSTAT.

Results and discussion

Chemical and physical characteristics of raw
materials

The multigrain beverage used in this study was
made from sweet corn, red beans, mung beans, black
rice, and sorghum. The manufacturing process for the
modified raw materials was based on research [20], the
raw materials are processed by soaking and boiling
green beans and red beans, boiling sweet corn, and
cooking black rice and sorghum. Then, all the raw

evaluated included color, aroma, mouthfeel, flavor, materials are characterized physicochemically,
aftertaste, texture, and overall acceptability. For including proximate and color.
comparison, the optimized formula was also assessed
Table 2 Physicochemical characteristics of raw material for making multigrain beverages.
Parameters Boiled sweet Boiled red Boiled green Black rice Sorghum
corn beans beans
Chemical
Moisture (%owb) 81.27 +£0.29% 62.36 £0.01° 72.67 £ 0.06° 56.35+0.514 72.39+ 0.24°
Ash (%db) 2.59+0.15° 3.41+0.022 2.09 +£0.05¢ 1.65+0.02¢ 0.54+0.05¢
Crude Fat (%db) 4.88 +£0.197 1.62 £0.41% 1.94 +0.26° 0.57+£0.12¢ 0.91£0.06%
Crude portein (%db) 26.74 £ 0.04° 27.26 + (.82 28.69 £ 0.47° 10.97 £ 0.26°¢ 9.40+0.26°
Crude C(jjfzi%};ydrate* 65.78+0.00°  67.71+£029°  67.29+048°  86.80+025>  89.15+0.19°
Physical (Color)
L 60.10£3.21° 34.93 £ 6.924 45.29 £ 3.04° 17.68 £ 0.78¢ 71.79+4.132
a -1.04+0.37° 13.29 + 1.09? —1.09 £ 1.04° 8.24 +2.03° —1.99+0.27¢
b 51.30 £9.39? 20.04 £ 1.45% 27.15+3.38° 7.00 £ 0.564 10.01+2.04¢
C 51.31 +£9.382 24.04 = 1.77° 27.18 +£3.38° 10.84 £ 1.91¢ 10.22+1.95¢
h 91.22 +0.54° 54.46 £ 0.88¢ 92.37+2.10° 40.95 + 4.65¢ 101.7243.49*

Values are presented as mean + SD. Different notations show the significant differences and the * sign indicates using

the by difference method.

Boiling processing has the highest water content.
This is in line with [27]: The high water content is due
to the principle of boiling during processing with water.
The protein content on a dry-basis of the five raw
materials ranges from 9.40% to 28.69%, with the lowest

in black rice and sorghum rice. This is due to the lower
natural protein content in both materials compared to
nuts. The fat content on a dry-basis ranges from 0.57%
to 4.88%, the highest in sweet corn, due to the shorter

boiling time and the absence of soaking, compared to
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other materials, so that the fat content is not lost much
[28].

The dry-basis ash content analyzed can describe
the presence of inorganic minerals remaining after
burning in food, ranging from 0.54% to 3.41%; the
highest is in boiled red beans, and the lowest is in
sorghum rice. This is because the processing involves
grinding. According to [29], sorghum rice has a high
mineral content in its outer layer, which is lost during
milling, unlike red beans. According to [30], the
polishing does not significantly affect ash content with
or without the skin, so the ash content remains high. The
available carbohydrate content is determined using the
carbohydrate content-by-difference approach/through
calculations that have been reduced by the four
components analyzed previously.

Physical characteristics, such as color, are
determined because the senses can directly observe
them. The CIE L*, a*, b* and L*, C*, h color systems
are used to quantify color. Boiled sweet corn has a °hue
value of 91.22 + 0.54, a °hue value of sorghum rice of
101.72 £3.49, a °hue value of black rice of 40.95 +£4.65,
a °hue value of boiled red beans of 56.46 + 0.88, and a
AE value of boiled green beans of 92.37 + 2.10. The
°hue value of boiled sweet corn, with a bright, saturated
yellow color, corresponds to the natural color of cooked
sweet corn. The °hue value of black rice with a dark and
slightly reddish color corresponds to black rice due to
the presence of flavonoid pigments, namely

anthocyanins [31]. The °hue value of boiled red beans is

reddish brown, like the typical color of cooked red
beans, whereas the °hue value of boiled green beans
tends to be greenish yellow rather than an intense green,
due to the polishing process. The °hue of sorghum rice
is pale yellowish and not saturated, indicating it is very
different from the color of most grains, which often
change during cooking or vary by variety.

The effect of different sieve sizes and stabilizer
concentrations on the physical quality of multigrain
beverage formulas

The results of the physical properties evaluation
indicate that the formula multigrain beverage exhibits
stable characteristics during storage, as shown in Figure
2. Viscosity increases with higher xanthan gum
concentration and larger mesh size, resulting in a
thicker, more consistent texture. Turbidity shows a
pattern in line with viscosity: Samples with smaller
particles exhibit higher turbidity because their particle
distribution is more homogeneous. Suspension stability
increases significantly at xanthan gum concentrations of
0.04% - 0.06%, indicated by a decrease in phase
separation during storage. Total solids are relatively
constant across all treatments, suggesting that
differences in sieve size and stabilizer concentration do
not significantly affect solids content. Overall, the
formula shows good physical performance, with a
combination of 0.04% - 0.06% xanthan gum and a fine
sieve providing the best stability during 10 days of

storage.
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Figure 1 Physical properties (viscosity, turbidity, suspension stability and total solids) during storage at different
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Figure 2 Appearance of the stability of the multigrain beverage suspension during storage.

A stability value close to 1 indicates that the solid
particles remain evenly distributed in the liquid and do
not settle. A stability value close to 1 indicates that the
solid phase remains homogeneously dispersed in the
liquid phase, without significant phase separation or
sedimentation during the observation period or during
centrifugation. This value reflects the suspension
system’s ability to maintain a uniform particle

distribution, which is influenced by particle size, the

viscosity of the continuous phase, and interparticle
interactions [15]. A decrease in the suspension stability
value suggests the onset of particle sedimentation,
making the drink inhomogeneous and reducing its
quality. In the A3B3 combination treatment, namely a
stabilizer concentration of 0.06% and mesh 115, the
highest stability level from day 0 to day 10 of storage
was 1%, indicating that the particles remained evenly
distributed in the liquid without sedimentation.
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The effect of different sieve sizes and stabilizer

concentrations on the particle size of multigrain

beverages

The particle size analyzer is used to measure

particle size distribution in liquid, powder, and emulsion

Table 3 Average particle size of multigrain beverages.

samples. In suspended multigrain beverages, particle
size and distribution are crucial for stability: Large
particles readily settle, leading to phase separation,
whereas small particles with a uniform distribution

enhance stability and improve texture [32].

Sampel Average particle size (um) Indeks Polidispersity (PDI)
A1BI1 (0.02%; 80) 16 +£0.13* 0.32
A1B2 (0.02%; 100) 15.5+£0.07° 0.31
A1B3 (0.02%;115) 12.6 +0.05¢ 0.29
A2B1 (0.04%; 80) 14.9 £ 0.08¢ 0.29
A2B2 (0.04%; 100) 13.5+0.04° 0.23
A2B3 (0.04%; 115) 9.82 £ 0.05° 0.22
A3B1 (0.06%; 80) 11.6 + 0.04¢ 0.21
A3B2 (0.06%; 100) 11.4+0.04 0.19
A3B3 (0.06%; 115) 8.88+0.011 0.18

Values are presented as mean + SD. Different notations show the significant differences.

The use of larger sieves and increased xanthan
gum concentration resulted in smaller particle sizes,
more uniform distribution, and better physical stability.
Treatments A3B1, A3B2, and A3B3 produced the most
petite particle sizes and the lowest PDI values (< 0.3),
indicating a homogeneous and stable system during
storage. Several other treatments, such as A1B3, A2B1,
A2B2, and A2B3, also showed good stability, with PDI
values remaining low even at particle sizes of 5 - 20 um.
Higher xanthan gum concentrations helped reduce
agglomeration by lowering surface tension and
increasing colloidal interactions, resulting in more
evenly dispersed particles. The best stability in the
formulation with 0.06% xanthan gum and a finer sieve
size is due to the synergy between particle
characteristics and the rheological properties of the
continuous phase. Finer particles have a lower
sedimentation rate, thereby improving suspension
stability. The addition of xanthan gum increases the
viscosity of the continuous phase, thereby limiting

particle mobility and reducing the frequency of
interparticle collisions. In addition, xanthan gum forms
a charged hydrated layer around the particles, providing
steric and electrostatic stabilization that inhibits
aggregation [33]. This mechanism is consistent with the
lower PDI value, which indicates a more homogeneous
particle size distribution and a more colloidally stable
system [34].

In line with [35], a narrow particle size distribution
(low PDI) is more critical for dispersion stability than
the particle size itself, so that slightly larger particles
remain stable as long as they do not clump. Dispersion
instability is primarily driven by particle aggregation,
not by absolute particle size alone. Therefore, a narrow
particle size distribution, reflected by a low
polydispersity index (PDI), can enhance system
stability, allowing relatively larger particles to remain
well suspended as long as aggregation is suppressed
[15,33].
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Figure 3 Particle sizes of multigrain beverages (a) 0.02% stabilizer, (b) 0.04% stabilizer, (c) 0.06% stabilizer.

The particle size distribution of multigrain
beverages across various stabilizer (A) and sieve size
(B) combinations exhibited distinct patterns, with larger
sieve sizes producing smaller, more homogeneous
particles. Across all treatments (Al, A2, and A3), the
largest sieve (B1) produced a larger particle distribution
peak and a wider curve. In contrast, the medium sieve
(B2) exhibited a peak shift toward smaller particle sizes
with a narrower distribution. The smallest sieve (B3)
consistently produced the most minor particle peak
(around 80 - 120 um) with a narrower distribution curve,
indicating more uniform particles and a smaller fraction
of larger particles. This pattern suggests that mesh size
is the primary factor influencing particle size
distribution, with stabilizer A3 performing most
effectively in maintaining particle uniformity by
reducing aggregation. Overall, the use of smaller sieves
has the potential to improve the softness and physical
stability of multigrain beverages.

Overall, the A3B3 treatment with a xanthan gum
concentration of 0.06% and a sieve sizes 115 mesh
(large mesh) is the best overall treatment because it
maintains high and stable total solids, prevents a drastic
increase in turbidity, provides a reasonably high
viscosity, but remains sensory and visually pleasant, and

can maintain suspension stability close to 100% until
day 10. The PSA value of the A3B3 treatment has a
particle size value of 8.88 pm with a PDI value < 0.3 of
0.18, meaning that the particle distribution is
homogeneous or uniform. This treatment can be used if
the purpose of the multigrain beverage formulation is
long-term physical stability and a good sensory profile,
with homogeneous visual and textural quality.

The effect of different sieve sizes and stabilizer
concentrations on the physicochemical and
functional qualities of multigrain beverage formulas

Multigrain beverage formula has an air content of
(90.46%) compared to commercial products (85.92%),
which indicates a thinner product nature due to the use
of natural ingredients without the addition of high
soluble solids such as sugar. The low ash content (0.18
+ 0.01) is related to the mineral content of the raw
materials. In contrast, the fat content (0.65 + 0.02) and
protein content (2.23 + 0.04) are affected by the
composition of cereals and nuts and the heating process,
which can reduce protein solubility when compared to
commercial products that have higher protein (2.65 +
0.10%) and fat (1.8 = 0.23%) levels due to the use of soy
or plant-based additives. The carbohydrate content (6.48
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+ 0.06 g/100 mL) and total dietary fibre (1.30 = 0.10
g/100 mL) indicate that this product is a good source of
fibre, contributing slightly above 10% of the RDA per
200 mL serving. High dietary fibre helps reduce blood
glucose responses by inhibiting starch digestion [36].
The antioxidant activity (25+0.06% inhibition) and total
phenolic content (29.9+0.001 mg GAE/100g) were
higher than those of commercial products
(12.95+£0.005% and 25.85+0.005 mg GAE/100g,
respectively) due to the use of ingredients such as red
beans, mung beans, sorghum, and black rice, which are
rich in anthocyanins, flavonoids, and tannins [37,38].

Xanthan gum also helps maintain phenolic
compounds during storage through its antioxidant
activity [39]. The total sugar content of this multigrain
beverage was undetectable (0.00 = 0.00 g/100 mL),
indicating that simple sugars contribute minimally to the
product. The carbohydrates in this beverage primarily
come from complex carbohydrates, such as starch and
oligosaccharides, which are not measured as total sugars
in the analytical method used, thus supporting the
product’s characterization as a low-sugar beverage.
Commercial products are likely to contain added sugar
or other sweeteners, resulting in a high total sugar
content.

Physically, the formula multigrain beverage
exhibits stable dispersion properties, supported by a
small particle size and narrow distribution obtained
from the use of a fine sieve and the addition of xanthan
gum. A small particle size slows sedimentation and
improves homogeneity, while a polydispersity index
(PDI) value of < 0.3 indicates a uniform, stable particle
distribution, according to the criteria [40]. This stability
is reinforced by the color characteristics, which show an
L* value of around 42.34 + 3.20, indicating a dark color
due to the natural pigment content of ingredients such as
anthocyanins in black rice and the browning reaction

during processing [41]. Commercial products show L*

values of approximately (69.21 + 0.57). Higher L*
values in commercial products indicate brighter colours.
Overall, the physical components of the formula reflect
a stable colloidal system with a typical cereal-legume
color and particle distribution that supports product
stability during storage.

The formula multigrain beverage per serving
provides 81.32 kcal of energy, 11.64 kcal of energy from
fat, and contributes 1.94% fat, 7.44% protein, 4.32%
carbohydrate, and 2.60 g of dietary fiber (10.40% RDA).
These nutritional values indicate that the multigrain
beverage formulation has a lower sugar content and
relatively higher dietary fiber than commercially
sweetened drinks on the market. One serving of
multigrain beverage contains only 0.0 g of total sugar
per 200 mL, making this product naturally very low in
sugar [42,43]. Under BPOM regulations No. 1 of 2022,
a product can be declared low in sugar if its sugar
content does not exceed 0.5 g per 100 mL (in liquid
form). With test results showing zero sugar, this drink
meets and is far below the required limit. Therefore,
multigrain beverage products can be categorized as “less
sugar” beverages, providing added value for consumers
who require low-sugar products, including those with
diabetes or those pursuing a healthy lifestyle. The
dietary fiber content of 2.60 g per serving contributes
10.40% of the RDA in BPOM regulations No. 26 of
2021 and has the potential to help increase daily fiber
intake. Multigrain beverage formula offers a more
balanced nutritional profile by combining low sugar
with relatively high fiber, making it a healthier beverage
alternative. The fiber content does not meet the criteria
for a “fiber source” (> 3 g/serving). This potentially
results in a lower glycemic response due to its
formulation with low-GI ingredients, but cannot be
claimed without direct GI testing or supporting clinical
studies.

Table 4 Physicochemical and functional characteristics of multigrain beverages.

Component

Quantity

Multigrain Beverages Commercial products

Chemical Characteristics

Water content (%wb) 90.46 £ 0.04* 85,92 + 0.09®
Ash (%wb) 0.18+0.01° 0,45 +0.01°
Protein (%wb) 2.23 £0.04° 2,65+ 0.10°
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Component

Multigrain Beverages

Commercial products

Chemical Characteristics

Fat (%wb) 0.65 +0.02° 1,8 +0.232
Carbohydrates* (%wb) 6.48 £ 0.06"* 9,17+0.31*
Total dietary fiber (%) 1.30+0.10° 1,67 £0.29*
DPPH radical scavenging activity (mg/100g) 25 +0.06° 12,95 + 0.005*
Total phenolic content (mg/GAE 100g) 29.9+0.001° 25,85 +0.005*
Total sugars (%) 0.00 + 0.00° 6,69 £ 0.0022
Energy (kcal/100 mL) 40.66 + 10.83* 63,50 + 13.732
Energy (kcal/200 mL) 81.32+10.83 127 +£13.732
Physical Characteristics (Color)
L 42.34 £3.20° 69,21 £ 0.572
a* 0.72+£0.18° 0,078 +0.02°
b* 6.85+0.70° 10,692 +0.15°
C* 6.89 +£0.72° 10,694 +0.15°
h 84.06 + 0.90° 88,992 + 1.29°

Values are presented as mean+SD. Different notations (a - ¢) show the significant differences and the * sign indicates

using the by difference method.

The effect of different sieve sizes and stabilizer
concentrations on the hedonic sensory ratings of
multigrain beverages

The sensory characteristics of the multigrain
beverage were generally well accepted across several
key attributes. Panelists rated color and texture as the
attributes with the highest scores because they align with
the characteristics of cereal- and legume-based
beverages. Aroma and flavor received moderate scores,
influenced by the distinctive flavors of raw ingredients
such as red beans, mung beans, and black rice, which
provide a natural but relatively strong sensory profile.
The aroma, taste, and color scores, which were in the
moderate category, were influenced by the distinctive
characteristics of raw materials such as red beans, mung
beans, and black rice. The beverage’s relatively darker
color was perceived differently by panelists; some
considered it a positive attribute reflecting a natural
impression and the content of whole grains, while others
found it less appropriate for the appearance of a milk-
like beverage. These diverse perceptions were reflected
in the color hedonic score, which was moderate,
averaging around 4.5 and falling in the neutral-to-
preferred range for panelists. Nevertheless, the
assessment results showed that the formula remained in

the “liked” category among the panelists. Overall, the

product’s sensory quality was deemed worthy of further
development, with opportunities to improve flavor
through formulation adjustments or the use of natural
flavors to increase consumer acceptability.

Based on the sensory evaluation results, the
overall acceptability of the multigrain beverage was
around 4.4, while the commercial product was around
6.1. This difference indicates that the commercial
product was generally preferred by the panelists, likely
because of its more familiar sensory characteristics,
particularly its color, aroma, and taste, which resemble
those of typical milk drinks. However, the overall
acceptability score of the multigrain beverage remained
in the neutral to slightly favorable category, indicating
that the product was acceptable to consumers. These
results confirm that the multigrain beverage formulation
has potential for further development, particularly
through improvements in taste and aroma, so that its
overall acceptability can approach that of established

commercial products.

Conclusions

Multigrain beverage products with a composition
of 19.75% sweet corn, 20% red beans, 25% mung beans,
10.25% black rice, and 25% sorghum exhibit physical

stability ~during storage, with smaller, more



Trends Sci. 2026; 23(9): 13153

13 0f 15

homogeneous particle sizes due to the addition of 0.06%
xanthan gum stabilizer and a 115-mesh sieve. The
results of sensory tests showed that multigrain beverage
products had a “quite preferred” level of acceptance
among panelists, with the strong, distinctive taste of
cereals and nuts as the main factor influencing
preference. Based on proximate and functional
characteristics, the formula for multigrain beverages
contained 90.46% water content, 0.18% ash content,
2.23% protein content, 0.65% fat content, 6.48%
carbohydrate content, 1.30% total dietary fiber, 25%
antioxidant activity, 29.9 mg GAE/100g total phenolic
content, and 0% total sugar. The results of physical tests,
as indicated by color, showed that the formula for
multigrain beverages had a darker appearance than
commercial products. A serving size of 200 mL of the
optimal product formula contains a total sugar of 0 g per
200 mL, below the total sugar rule of 0.5 g per 100 mL
in liquid form and the dietary fiber content in multigrain
beverages of 2.60 g per 200 mL contributes 10.40% so
that the formula of multigrain beverages as drinks with
the claim of “less sugar” and higher dietary fiber than
sweetened drinks in general and supports limiting daily

sugar consumption.
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