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Spray-dried Encapsulation of Roselle (Hibiscus Sabdariffa) and
Evaluation of Their Potential as Rich-antioxidant Compound

Vo Minh Quan'?, Chi Kim-Thi Le'2, My-Duyen Ngo'2, Trung-Tuan Nguyen Lam'2, Kieu Thi-Thuy Nguyen'-2,
Tam Thi-Thanh Phan"2, Thao-Nhi Dang Ngoc'2, Hoan Ngoc Doan'?", Thi-Hiep Nguyen2"*

ABSTRACT

Introduction: There is a growing demand for the use of rich-antioxidant compounds from plant
extracts to develop functional food products or biomedical products. In this work, we studied the
impact of producing encapsulated roselle extracts with 1% w/v microencapsulated carriers from
maltodextrin and xanthan gum as a powder rich in antioxidant properties. Methods: In particular,
the roselle extract was subjected to spray drying using an acidified solution as a solvent. Com-
binations of maltodextrin and xanthan gum as wall materials at 1% w/v were first tested for the
roselle. The characteristics of the spray-dried powder were confirmed by scanning electron mi-
croscopy (SEM), including its solubility, titratable acidity, anthocyanin content, and antibacterial
and antioxidant activities. Discussion: The results showed that the addition of XG directly affected
the morphology and antioxidant activities of the encapsulated materials. The particles presented a
spherical shape with diameters ranging from 1-5 um. The encapsulation of roselle extract via a spe-
cific combination of maltodextrin and xanthan gum (1% w/v) maintains the extract properties and
controls its release properties. A reduction in antioxidant activity and solubility was observed with
increasing concentrations of XG. Conclusion: The findings of this study demonstrated that the
obtained roselle spray-dried powders can be used as rich-antioxidant supplements for the food,
biomedical, and cosmetic industries. The control of xanthan gum content leads to significantly
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slower release, which has implications for controlled delivery applications.
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INTRODUCTION

Naturally occurring compounds such as vitamins,
polysaccharides, flavonoids, fatty acids, terpenes, and
tannins serve as topical antioxidants by inhibiting ox-
idative stress!. The use of natural herbs in food and
health has a rich history, often with minimal adverse
side effects. Recent research highlights their potential
applications in the food and beverage industry and
regenerative medicine, emphasizing their biocompat-
ibility and safety. Notably, functional compounds
from plants, particularly those rich in phytochemicals
such as anthocyanins, are gaining attention for their
antioxidant properties >>.

Roselle (Hibiscus sabdariffa), an edible plant, has gar-
nered significant interest for its potential applications
across various industries?. This shrub, which be-
longs to the Malvaceae family, is renowned in many
countries as a folk medicinal plant. Roselles contain
numerous beneficial chemical components, includ-
ing anthocyanins, flavonoids, and polyphenols, which
support cardiovascular health, prevent hypertension,
reduce fever, and protect liver function. Additionally,

it is reported to possess antimicrobial, diuretic, di-
gestive, and sedative properties. The anthocyanins in
roselles, such as delphinidin 3-sambubioside, cyani-
din 3-sambubioside, delphinidin 3-glucoside, and
cyanidin 3-glucoside, are potent antioxidants, natural
food colorants and antioxidant supplements for the
cosmetic industry4. However, these compounds are
relatively unstable and can degrade due to environ-
mental factors. Therefore, the application of technol-
ogy to the processing of natural active ingredients in
hibiscus flowers has become a research focus to in-
crease the value of this product in various applica-
tions.

Spray drying and encapsulation represent advanced
techniques for preserving the stability and function-
ality of biological compounds after processing. This
method involves protecting the active substance—
whether solid, liquid, or gas—by encasing it within
a polymer matrix or high-molecular-weight sub-
strate >, This encapsulation process not only shields
the active substance from environmental impacts but
also maintains its properties and activity. Follow-
ing encapsulation, the mixture undergoes spray dry-
ing to produce small particles of the active substances
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at the micro- or nanoscale. This process minimizes
interactions with other environmental components,
thereby preserving essential properties such as nu-
tritional, color, antioxidant, and antibacterial char-
acteristics. Despite the brief exposure to high tem-
peratures during spray drying, this process can lead
to the decomposition of compounds within the mix-
ture>”’. Therefore, it is crucial to optimize factors such
as spray drying temperature, drying conditions, and
the composition of encapsulating agents to develop an
effective drying process.

In this study, we aimed to produce roselle-derived
powder as a natural colorant and antioxidant supple-
ment. The primary variable was the ratio of encap-
sulating agent used in the spray-dried roselle powder.
Maltodextrin and xanthan gum were employed as en-
capsulating agents at a concentration of 1% w/v. Typ-
ically, the use of encapsulating agents in spray drying
typically requires approximately 10-30% w/v to op-

8-10 " However, some studies

timize the spray dryer
have reported the possibility of producing microen-
capsulated powders with less than 10% encapsulating
agent, even at concentrations lower than 3% wivibiZ,
We hypothesize that reducing the amount of encapsu-
lating agent may affect the efficacy of the spray dryer.
However, reducing the concentration of encapsulat-
ing agent could result in a lower yield of solid pow-
der but a higher proportion of extract content, bene-
fiting the use and storage of the powder. Maltodextrin
and xanthan gum are known to be compatible materi-
als commonly applied in spray drying technology 3.
The presence of maltodextrin can improve drying and
powder flowability, whereas the addition of xanthan
gum, with its high colloidal ability, can enhance the
encapsulated structure. As a thickening agent, xan-
than gum is expected to support the encapsulation
process of roselle extract via spray drying. After spray
drying, the samples were dissolved, and their antioxi-
dant capacity and anthocyanin content, which are key
determinants of product applicability, were evaluated.
Investigations were carried out on various character-
istics, including the composition of the encapsulating
carriers, the micromorphology of the roselle powder,
and its physicochemical properties, to optimize the
high antioxidant content of the spray-dried powder.
Powder morphology was assessed by scanning elec-
tron microscopy. The anthocyanin content was mea-
sured on the basis of the cyanidin-3-O-sambubioside
group, and the antioxidant activity was evaluated via
the DPPH assay, which measures free radical scaveng-
ing ability. To our knowledge, this study is the first to
introduce the use of maltodextrin and xanthan gum
as encapsulating agents for roselle.

MATERIALS AND METHODS

Materials

Dry roselle (hibiscus) was purchased from Hichagol
Co., Ltd., Hue, Vietnam. Acetic acid, citric acid,
and sodium hydroxide were purchased from Xilong
Chemical Co. Ltd. Potassium chloride and anhydrous
sodium acetate were purchased from Guangdong
Guanghua Sei-Tech Co. Ltd. Maltodextrin (DE: 10
- 12%) was received from Qinhuangdao Lihua Starch
Co. Ltd. DPPH (2,2-diphenyl-1-picrylhydrazyl) and
dimethyl sulfoxide (DMSO) were purchased from
Sigma-—Aldrich.

Roselle extraction

The dry roselle flower was ground into a fine powder
with a particle size of approximately 0.5 cm. An acetic
acid 2% extraction solvent was prepared for the ex-
traction process. Roselle powder was immersed in the
solvent at a ratio of 4 g of roselle powder to 100 ml of
extraction solvent. The mixture was incubated at4 °C.
After 24 h, the extraction mixture was collected. The
solid residue after filtration was then subjected to an-
other extraction process for 24 h. The final extracted
material was stored at 4 °C for characterization.

Preparation of roselle microencapsulation

Four different formulas were spray-dried. Before mi-
croencapsulation, each encapsulating agent was dis-
persed in the roselle extracted solution and mixed un-
til homogenization was reached. The encapsulation
concentration was 1% w/v. The components of the
wall materials and sample design are presented in Ta-
ble 1.

Preparation of spray-dried roselle powder

The SD-1000 Eyela (Eyela, Japan) was used to spray
the encapsulating mixture. Once the mixtures were
made, they were fed into the spray dryer. The inlet
temperatures are set at 160 °C, and the outlet tem-
peratures are set at 80 °C. A feed flow of the solution
to be dried with a spray air flow of 0.7 m3/min and a
pressure drop of 180 kPa was used. To maintain the
homogeneity of the solution, the encapsulated solu-
tion was gently mixed via a pump. After spray drying,
the powders were weighed and stored in closed plas-
tic bags, after which they were stored at -20 °C until
evaluation.

Microencapsulation particle morphology

The powders were sputter-coated with gold at 10 kV,
and their microstructural characteristics were ana-
lyzed via SEM (JSM-IT100, JEOL, Japan). Differ-
ent magnifications of the sample were recorded. The
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size and morphological structure of the encapsulated
roselle powder were measured via the Image] pro-
gram, with 30 data points collected for each sample.

Solubility

The solubility of the powder was assessed via a
method outlined in the literature 1. In a concise pro-
cedure, one gram of spray-dried powder was com-
bined with 10 millilitres of distilled water, and the
mixture was stirred via a magnetic stirrer for 5 min-
utes. The mixture was subsequently subjected to cen-
trifugation at 4000 revolutions per minute (rpm) for
10 minutes. The resulting supernatant was carefully
transferred to a Petri dish and subsequently dried at
105 °C for 2 hours. The solubility was determined by
calculating the difference in solid weight between the
reconstituted solution and the original solid sample.

pH and total acidity

The total titrated acidity expressed as % citric acid
was determined through acid titration, utilizing 0.1
N NaOH and phenolphthalein as indicators. The ini-
tial pH value of each sample was determined via a pH
meter. Following the pH measurement, 2-3 drops of
phenolphthalein indicator solution were introduced.
The titration then commenced with the addition of 0.1
N NaOH until the pH reached 7, signified by a color
change in the solution. Throughout the titration pro-
cess, the sample in the flask was swirled continuously.
The volume of NaOH solution used in the titration
was carefully noted. Finally, this recorded volume was
used to calculate the total titrated acidity expressed as
a percentage of citric acid. The equation for titratable
acidity is as follows:

N XV x Eqwt

w1000 100

% acid (titratable acidity) =

where:

N: normality of titrant;

V: volume of titrant;

Eqwt: equivalent weight of predominant acid;
W: mass of sample.

Total anthocyanin content

The total anthocyanin content (TAC) of the spray-
dried powder was determined following a method
outlined in the literature with slight modifications '°.
In a concise procedure, 50 mg of the sample was ac-
curately weighed and mixed with 1 ml of distilled wa-
ter, achieving a homogenous solution through vor-
tex mixing. Two buffer solutions, namely, 0.2 M KCl
buffer (pH 1.0) and 0.1 M acetate buffer (pH 4.5),

were employed to dilute the sample mixture. To assess

the absorbances of the diluted samples, measurements
were taken at two distinct wavelengths, 520 nm and
700 nm, via a microplate reader. The content (mg/g
of dry matter) was calculated via the following equa-
tion:

_ AxMwxDf x 10
N exl

A=(Ay 520 - A2 700) PH 1 - (A3 520 - Az 700) PH 4.5
Dy: volume of diluted samples;

L: 96-well plate length (0.286 cm);

M,,: molecular weight cyanidin-3-glucoside, 449.2
g/mol; € = 26,900 L/mol.

TAC (2)

DPPH free radical scavenging activity

DPPH, which 2,2-diphenyl-1-
picrylhydrazyl, serves as a reagent used to measure

stands  for

the antioxidant activity of substances. In brief, the
procedure involves the preparation of spray-dried
powders mixed with DI at different concentrations (5,
10, 15, 30, and 45 mg/ml). DPPH was simultaneously
dissolved in DMSO (0.1 mM). Subsequently, 20
microliters of the sample at various concentrations
were added to wells in a 96-well plate, along with
180 microliters of the DPPH reagent. The reaction
mixture was then incubated for 30 minutes in the
dark, and the absorbance was measured at 517 nm.
The percentage of DPPH-scavenging activity was
calculated via the following equation:
_ Ao — Ay

1% = —— x 100% 3)
Ao

where:
Ap: the optical density value of the blank;
Aj: optical density value of the test sample.

Evaluation of the antibacterial activity of
the roselle powder

The antibacterial activity of the roselle powder was
evaluated via the use of two representative microor-
ganisms: Escherichia coli (E. coli) (ATCC 25922), a
gram-negative bacterium, and Staphylococcus aureus
(S. aureus) (ATCC 25913), a gram-positive bacterium.
The m inimum inhibitory c oncentration ( MIC) was

determined via a classical dilution method adapted to
96-well microtiter plates. Each assay was performed
in triplicate. Serial dilutions of roselle powder were
prepared in the wells, and each well was inoculated
with a standardized bacterial suspension. The plates

were then incubated under appropriate conditions for
bacterial growth. The MIC value was defined as the

lowest concentration of roselle powder that inhibited
visible bacterial growth after the incubation period.
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Statistical analysis

All the experiments were performed in triplicate, and
the results are presented as the means =+ standard de-
viations. Statistical analysis was conducted via one-
way ANOVA for all tests, followed by Tukey’s post hoc
analysis to determine significant differences between
groups. A p value of less than 0.05 was considered sta-
tistically significant.

RESULTS

Physio-chemical profile of roselle extract

The extraction step for the dried roselle powder
product was meticulously performed to isolate valu-
able compounds such as anthocyanins, vitamins,
flavonoids, and phenols from the roselle flower. In
this study, cold brew extraction was performed with
2% acetic acid utilized as the solvent, ensuring effi-
cient extraction of these bioactive components. Ini-
tially, the properties of the extract solution were eval-
uated, with a focus on parameters such as pH, acid
content, anthocyanins, and antioxidant capacity, be-
fore proceeding to the spray drying stage.

During the initial evaluation, the solid content in the
extracted sample was determined to be 10 mg/ml. The
pH and acid content of the extract were measured
via titration methods, revealing an acid content value
of 2.8%. The anthocyanin content in the roselle ex-
tract was 50.06 & 2.19 mg/L, indicating the signif-
icant presence of these potent antioxidants. Addi-
tionally, the antioxidant capacity, as assessed through
DPPH scavenging activity, had an IC50 value of 2.83
=+ 0.03 mg/ml. The extraction process effectively eval-
uated the anthocyanin, antioxidant, and total titrat-
able acidity (TTA) contents of the initial roselle ex-
tract. As anticipated, the roselle flowers presented
high antioxidant capacity and high anthocyanin con-
tent. Identifying these components at the extraction
stage represents a crucial initial success in the over-
arching goal of developing a roselle powder product
with increased antioxidant and anthocyanin contents.
The parameters of the extraction solution are summa-
rized in Figure 1.

Microencapsulated-roselle
spray drying

powder by

After the spray drying process, the morphology of the
roselle powder was evaluated. In general, microen-
capsulated roselle powder consists of fine particles in
its dry form, despite some changes being observed
among the coating and uncoating treatments. Fig-
ure 2 shows images of the spray-dried roselle powder
under different blending treatments. In its uncoated

form, the pure roselle powder exhibited a deep red
color. Owing to the lack of coating, the use of pure
extract in spray drying systems is challenging. The
high-temperature drying treatment caused the sugar
components in the crude roselle extract to reach the
glass transition state and adhere to the drying sys-
tem, resulting in only a minimal amount of pure pow-
der remaining after the spray treatment. For parti-
cles coated with maltodextrin (MD) or xanthan gum
(XG), at a 1% coating agent concentration, the roselle
powder tends to be pinkish-red. The red shade is
slightly lower than that of the uncoated powder be-
cause of the presence of the coating agents.

The morphology and microscopic size of the roselle
powder were also evaluated via SEM. Figure 3 shows
microscopy images of the different blending formulas
of the roselle powder. SEM analysis of the uncoated
roselle powder revealed smooth surfaces with visible
bridges between the particles, indicating agglomer-
ation (Figure 3A). In contrast, powder formulations
mixed with a coating agent have uniform round par-
ticles of varying sizes depending on the content of the
coating agent and the xanthan gum component. At a
1% coating agent concentration, the particle size was
approximately 3-4 um. Figure 3B shows that parti-
cles coated with maltodextrin alone have smooth sur-
faces with a 3.4 um diameter (Table 2). Conversely,
particles coated with xanthan gum tend to have more
wrinkled surfaces. This is because xanthan gum, a
large molecular weight adhesive substance, forms dy-
namic bonds with maltodextrin, creating high surface
tension during the shaping process at the spray-dried
nozzle tip. This increases the size of the spray-dried
particles, but the structure rapidly shrinks when the
temperature decreases, resulting in wrinkled particles

with many grooves 71617

, as shown in Figure 3. Ow-
ing to the relatively low coating content, the produced
particles have a small diameter, corresponding to a
large surface area ratio. In all SEM images of the sam-
ples in the 1% sample group, particles formed. This
confirms the success of using 1% w/v encapsulation
agents to produce roselle microparticles. The addi-
tion of xanthan gum effectively reduces the surface
area of the particles, making the particles wink and
corrupt compared with those coated with maltodex-
trin alone. This phenomenon has also been observed
in other works with gum-derived carriers>!81%,

This increase in particle size is necessary to reduce
the surface area ratio of the sample, thereby limiting
the influence of temperature and environmental hu-
midity on the extract molecules encapsulated in the

carrier layer. This hypothesis can be confirmed by
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Physio-chemical profile of Roselle extract Roselle extract
Solid content (mg/ml) 10.6£0.2
pH 2.8
TTA (%) 2.83+0.03
Anthocyanin (mg/L) 50122

1C50 Antioxidant properties by DPPH (mg/ml) 2.8 £ 0.3

Figure 1: Physio-chemical profile of roselle extract extracted with acetic acid.

Figure 2: Spray-dried roselle powders subjected to various encapsulation treatments.

Table 1: Sample designed for microencapsulation of roselle extract.

RP - -
RP_M 1

RP_M9X1 0.9 0.1
RP_M8X2 0.8 0.2

Table 2: Solubility and particle size of roselle spray-dried powders.

RP_M 94.27 £0.28 26£15
RP_M9X1 41.18 = 1.38 2.7+£21
RP_M8X2 32.52 +1.54 28+14
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Figure 3: Micromorphology of roselle powder. (A) RP (roselle extract without encapsulation); (B) RP_M; (C)
RP_M9X1; (D) RP_M8X2. Scale bar: 5 um.

Table 3: Physio-chemical profile of the microencapsulated roselle powders.

RP 2.840.1 329+ 50.1 +2.24 2.840.3% 247 +0.9° 31.8+1.8%
0.4¢

RP_M 24401 16.6 + 413+ 1.5° 3.340.1¢ 17.5 4 4.3¢ 37.8 4 1.5¢
1,3%

RP_M9X1 29+04 14.9 + 38.4 £ 0.9° 4.0 +£0.5% 413 +2.9° 32.9 £ 0.4¢
0.7%

RP_MS8X2 24+1.0 13.7 + 38.0 4 0.9¢ 464114 35.1 4+ 1.9% 25.7 % 3.1¢
2.0

Difference letters represent for significant different data at the level 0.05
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the significant changes in the solubility of the mi-
croencapsulated material. As the content of XG in the
microencapsulated carrier increases, the solubility of
the powder decreases. At the highest content of XG
(RP_M8X2), the solubility of the roselle powder was
only 32%, three times lower than that of the treatment
with only maltodextrin. This reduction shows that by
adding XG into the encapsulated component, the par-
ticles tend to be more hydrophobic, in which XG rein-
forces the microencapsulated wall, increasing the dif-
ficulty of penetration of water molecules into the par-
ticle.

Physio-chemical profile of the microencap-
sulated roselle powder

Table 3 presents the physicochemical profile of the
microencapsulated roselle powders. In general, the
characteristics of roselle powder differ among differ-
ent carrier treatments. The pH values of spray-dried
powder samples with varying concentrations of XG
and maltodextrin ranged from 2.4 to 2.9. The total
acidity values for RP_M, RP_M9X1, and RP_M8X2
are between 13.7% and 16.6%, showing minimal vari-
ation among formulations. This consistency sug-
gests that the XTG concentration does not signifi-
cantly impact overall acidity. Hibiscus extract, which
contains anthocyanins, is used in the production of
these powders. Anthocyanins, which are responsive
to pH variations, exist in four forms: quinonoidal
bases, flavylium cations, carbinol (pseudobase), and
chalcones??. At low pH, anthocyanins are predomi-
nantly in the red flavylium cation form. As the pH in-
creases (>5), they shift to the blue/violet quinonoidal
base or colorless carbinol/chalcone forms. pH val-
ues below 5 indicate an acidic environment, preserv-
ing the red color of the anthocyanins. The total an-
thocyanin content in the samples obtained with mal-
todextrin and xanthan gum as carrier agents was 41.3
+ 1.5, 38.4 + 0.9, and 38.0 £ 0.9 mg/g for RP_M,
RP_M9X1, and RP_M8X2, respectively. The simi-
lar anthocyanin contents across formulations suggest
that the XTG concentration does not significantly af-
fect anthocyanin levels. Maltodextrin and xanthan
gum provide a protective coating, enhancing antho-
cyanin stability by reducing susceptibility to nucle-
ophilic attacks by water molecules. This protective
mechanism is crucial for maintaining anthocyanin
stability and efficacy in various applications, ensur-
ing uniformity despite variations in carrier agentsZI.
The IC50 values of spray-dried powder samples with
maltodextrin and xanthan gum as carrier agents were
3.3+ 0.1, 4.0 £ 0.5, and 4.6 £ 1.1 mg/ml for RP_M,

RP_M9X1, and RP_M8X2, respectively. A higher
xanthan gum content in the encapsulated matrix re-
duced the antioxidant activity of the powder, likely
because the colloidal properties of xanthan gum limit
the release of the core extract. This trend was also ob-
served in the MIC results for the gram-negative E. coli
strain. Detailed data on bacterial growth inhibition
are presented in Table 3.

DISCUSSION

To investigate the production of hibiscus powder with
high antioxidant capacity, a spray drying method us-
ing maltodextrin and xanthan gum was employed in
this study. To perform the spray drying method ef-
fectively, this study involved combining an effective
extraction process with potential encapsulation treat-
ments at 1% w/v to create roselle spray-dried powder.
Our results confirmed the successful creation of hi-
biscus powder from the extract. Spray drying exper-
iments using maltodextrin and maltodextrin mixed
with xanthan gum produced hibiscus powder at vari-
ous concentrations and encapsulation ratios. On the
basis of the results presented in Table 3, the pH, TTA,
anthocyanin content, antioxidant activity, and MIC
of the roselle powder varied across the different ex-
perimental groups, both coated and uncoated. No-
tably, the uncoated powders presented higher indices
than their coated counterparts did. When the roselle
powder was mixed with a 1% coating agent, the solid
content ratio of the extract to the coating agent was
1:1. Consequently, although the 1% powder group
had an anthocyanin content of 41 mg/g, the actual
extract powder content in the dry product was effec-
tively 80 mg/g, demonstrating the efficacy of the en-
capsulator in protecting the extract components dur-
ing spray drying. Studies on the antibacterial effects
of polyphenols indicate that their antibacterial activ-
ity can be derived from these anthocyanins, pheno-
lic compounds, and flavonoids from the plant ex-
tract?2724. These extracts also contain anthocyanins
such as delphinidin 3-sambubioside, delphinidin 3-
glucoside, and cyanidin 3-sambubioside, which are
responsible for their antioxidant and antibacterial
properties?>. Flavonoids, acids, and aromatic esters
in the extract act on the cell walls of microorgan-
isms. The encapsulated roselle powder inhibited S.
aureus at 25-37 mg/ml and E. coli at 17-40 mg/ml.
This finding is consistent with other studies showing
weaker antibacterial activity of roselle extracts against
gram-positive bacteria, possibly due to the thicker
peptidoglycan membrane structure of these bacteria.
According to Lim et al.2>, the potential antibacte-
rial activity of roselle against harmful microorgan-

isms in foods has been demonstrated?®. Owing to
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its antibacterial properties, the use of roselle powder
has potential in food, meat products, and juices be-
cause of its ability to prevent bacterial growth and
prolong shelf-life. Among the encapsulation treat-
ments, the sample containing maltodextrin presented
the highest anthocyanin content. Xanthan gum, ow-
ing to its large molecular weight, forms a more win-
kle encapsulation structure when blended with mal-

26 However, this structure affects the re-

todextrin
lease process of the encapsulated components. This
occurred because of the solubility of the powder, as
the higher the amount of XG in the encapsulation
component was, the lower the solubility was. Un-
like previous studies that focused on single encapsu-
lating agents, this research investigated the synergis-
tic effect of maltodextrin and xanthan gum on the
encapsulation efficiency and release profile of roselle
extract. When xanthan gum was added, the antho-
cyanin content and antioxidant capacity, which were
determined on the basis of the dry weight of the prod-
uct, decreased slightly. These findings indicate that
the 10% (RP_M9X1) and 20% (RP_M8X2) xanthan
gum ratios affect the release of anthocyanin in the
encapsulated matrix. As a higher xanthan gum con-
tent reduced the solubility of the powder product,
these findings highlight the potential applications of
roselle powder coated with xanthan gum and mal-
todextrin. Moreover, roselle powder, with its high
antioxidant capacity and anthocyanin content, can be
used for various purposes, such as food coloring, an-
tioxidant supplements, or ingredients in drug delivery
systems with high antioxidant properties »2”28, Our
results revealed a novel relationship between the xan-
than gum concentration and the release rate of an-
thocyanins, with higher xanthan gum content leading
to significantly slower release, which has implications
for controlled delivery applications. The lower solu-
bility of the RP_M9X1 and RP_M8X2 powders allows
for slower release, which is beneficial for prolonged
effects. In contrast, RP_M powder, with its good wa-
ter solubility, is suitable for applications as an indus-
trial colorant or a soluble food product with high an-
tioxidant content. In conclusion, the 1% coating com-
position of maltodextrin and xanthan gum is suitable
for producing spray-dried roselle powder, effectively
protecting the extract’s properties during the drying
process. In addition, the solubility of the release
rate of the microencapsulated powder can be con-
trolled by the presence of xanthan gum in the coating.
These experiments demonstrate the feasibility of us-
ing this coating system of maltodextrin and xanthan
gum at 1% w/v in spray drying to produce an effective
roselle powder. Overall, the results of the antioxidant

properties, antibacterial activity, and physio-chemical
characteristics of hibiscus powder highlight its poten-
tial for various applications.

CONCLUSIONS

In this study, spray drying experiments using mal-
todextrin and maltodextrin mixed with xanthan gum
successfully produced hibiscus powder at various
concentrations and encapsulation ratios. A 1% w/v
encapsulation mixture effectively formed small spray-
dried granules (1-5 pm).
out encapsulation was unsuitable for spray drying

Hibiscus powder with-

because of the difficulty in obtaining powder sam-
ples. Treatment with only maltodextrin resulted in
stable values with relatively high anthocyanin con-
tents, and antioxidant properties were observed. With
a 1% w/v coating agent, an increased xanthan gum
content decreased the stability of the roselle powder,
with the lowest anthocyanin and DPPH values in the
RP_M8X2 sample. SEM images revealed more wrin-
kled and distorted particles with xanthan gum. The
presence of XG reduces the surface area and may re-
inforce the coating agent composition, which can en-
hance protection from environmental influences. De-
spite these findings, all the experiments revealed that
spray-dried roselle seeds retained their antioxidant
capacity and color, as indicated by the anthocyanin
and IC50 results from the DPPH experiments. These
findings confirm the successful production of roselle
powder with high antioxidant capacity, suggesting
significant potential applications in food, cosmetics,
and pharmaceuticals for regenerative medicine.

LIST OF ABBREVIATIONS USED

DPPH: 2,2-diphenyl-1-picrylhydrazyl
DMSO: Dimethyl sulfoxide

SEM: scanning electron microscopy
TAC: total anthocyanin content

MIC: minimum inhibitory concentration
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MD: maltodextrin

XG: xanthan gum

COMPETING INTERESTS

The authors declare that they have no competing in-
terests.

ACKNOWLEDGMENT

The authors gratefully acknowledge the financial sup-
port from the Department of Science & Technology
and the People’s Committee of Ben Tre Province, Viet-
nam, under contract 271/HD-SKHCN. We also thank
all the members of the TERM laboratory for useful
discussions and support.

3640



Science & Technology Development Journal 2024, 27(4):3633-3641

AUTHORS’ CONTRIBUTION

Vo Minh Quan: Conceptualization, Data curation,

Formal Analysis, Investigation, Methodology, Visu-

alization, Writing - original draft, Writing - review &

editing, Project administration

Chi Kim-Thi Le:

Investigation, Formal Analysis,

Writing - original draft

My-Duyen Ngo: Investigation

Trung-Tuan Nguyen Lam: Investigation

Kieu Thi-Thuy Nguyen: Project administration, re-

view & editing

Tam Thi-Thanh Phan: Investigation

Thao-Nhi Dang-Ngoc: Project administration

Hoan Ngoc Doan: Resources, Project administration,

Supervision, Validation, Writing - review & editing.

Thi-Hiep Nguyen: Resources, Project administration,

Funding acquisition, Supervision, Validation, Writing

- review & editing.

All authors reviewed and accepted the manuscript.

REFERENCES

1.

Hoang HT, Moon JY, Lee YC. Natural Antioxidants from
Plant Extracts in Skincare Cosmetics: Recent Applica-
tions, Challenges and Perspectives. Cosmetics. 2021
Dec;8(4):106;Available  from: https://doi.org/10.3390/
cosmetics8040106.

. Leong HY, Show PL, Lim MH, Ooi CW, Ling TC. Natural red pig-

ments from plants and their health benefits: A review. Food
Reviews International. 2018 Jul 4;34(5):463-82;.

. Michalak M. Plant-Derived Antioxidants: Significance in Skin

Health and the Aging Process. Int J Mol Sci. 2022 Jan
6;23(2):585;.

. Duangmal K, SAICHEUA B, Sueeprasan S. Roselle antho-

cyanins as a natural food colorant and improvement of its
color stability. Proceedings. 2004 Jan 1;.

. Akhavan Mahdavi S, Jafari SM, Assadpoor E, Dehnad D. Mi-

croencapsulation optimization of natural anthocyanins with
maltodextrin, gum Arabic and gelatin. International Journal of
Biological Macromolecules. 2016 Apr 1;85:379-85;Available
from: https://doi.org/10.1016/j.ijbiomac.2016.01.011.

. Marques Mandaji C, da Silva Pena R, Campos Chisté

R. Encapsulation of bioactive compounds extracted
from plants of genus Hibiscus: A review of se-
lected techniques and applications. Food Research
International. 2022 Jan 1;151:110820;Available from:
https://doi.org/10.1016/j.foodres.2021.110820.

. Fernandes RV de B, Borges SV, Botrel DA. Gum ara-

bic/starch/maltodextrin/inulin as wall materials on the
microencapsulation of rosemary essential oil. Carbohy-
drate Polymers. 2014 Jan 30;101:524-32;Available from:
https://doi.org/10.1016/j.carbpol.2013.09.083.

. Tran N, Tran M, Truong H, Le L. Spray-Drying Microencapsu-

lation of High Concentration of Bioactive Compounds Frag-
ments from Euphorbia hirta L. Extract and Their Effect on Dia-
betes Mellitus. Foods. 2020 Jul;9(7):881;Available from: https:
//doi.org/10.3390/foods9070881.

. Saavedra-Leos MZ, Leyva-Porras C, Toxqui-Teran A,
Espinosa-Solis V. Physicochemical ~ Properties and
Antioxidant  Activity of Spray-Dry Broccoli  (Bras-

sica oleracea var Italica) Stalk and Floret Juice Pow-
ders. Molecules. 2021 Jan;26(7):1973;Available  from:
https://doi.org/10.3390/molecules26071973.

. Subtil SF, Rocha-Selmi GA, Thomazini M, Trindade MA, Netto

FM, Favaro-Trindade CS. Effect of spray drying on the sensory

20.

21.

22.

23.

24.

and physical properties of hydrolyzed casein using gum ara-
bic as the carrier. J Food Sci Technol. 2014 Sep;51(9):2014-
21;Available from: https://doi.org/10.1007/s13197-012-0722-z.

. Diaz-Bandera D, Villanueva-Carvajal A, Dublan-Garcia O,

Quintero-Salazar B, Dominguez-Lopez A. Assessing release ki-
netics and dissolution of spray-dried Roselle (Hibiscus sab-
dariffa L.) extract encapsulated with different carrier agents.
LWT - Food Science and Technology. 2015 Dec 1;64(2):693-
8;Available from: https://doi.org/10.1016/j.1wt.2015.06.047.

. Nguyen QD, Dang TT, Nguyen TVL, Nguyen TTD, Nguyen NN.

Microencapsulation of roselle (Hibiscus sabdariffa L.) antho-
cyanins: Effects of drying conditions on some physicochemi-
cal properties and antioxidant activities of spray-dried pow-
der. Food Science & Nutrition. 2022;10(1):191-203;Available
from: https://doi.org/10.1002/fsn3.2659.

. Ozdal T, Yolci Omeroglu P, Tamer C. Role of Encapsulation

in Functional Beverages. In 2020. p. 195-232;Available from:
https://doi.org/10.1016/b978-0-12-816678-9.00006-0.

. Sangeetha S, Thuraisingam S, Jayawardane JAEC, Srivijein-

dran S. A novel approach to the formulation of an encapsu-
lated bioactive powder from palmyrah (Borassus flabellifer L)
fruit pulp for nutraceutical applications. Food Chemistry Ad-
vances. 2023 Dec 1;3:100405;Available from: https://doi.org/
10.1016/j.focha.2023.100405.

. Lee J, Durst R, Wrolstad R. Determination of total monomeric

anthocyanin pigment content of fruit juices, beverages, nat-
ural colorants, and wines by the pH differential method:
Collaborative Study. Journal of AOAC International. 2005
Feb 20;88:1269-78;Available from: https://doi.org/10.1093/
9780197610145.003.3423.

. Halahlah A, Piironen V, Mikkonen KS, Ho TM. Polysaccha-

rides as wall materials in spray-dried microencapsulation
of bioactive compounds: Physicochemical properties and
characterization. Crit Rev Food Sci Nutr. 2023;63(24):6983-
7015;Available from: https://doi.org/10.1080/10408398.2022.
2038080.

. Tolun A, Altintas Z, Artik N. Microencapsulation of grape

polyphenols using maltodextrin and gum arabic as two alter-
native coating materials: Development and characterization.
Journal of Biotechnology. 2016 Dec 10;239:23-33;Available
from: https://doi.org/10.1016/j.jbiotec.2016.10.001.

. Chew SC, Tan C, Nyam K. Microencapsulation of refined ke-

naf (Hibiscus cannabinus L.) seed oil by spray drying using -
cyclodextrin/gum arabic/sodium caseinate. Journal of Food
Engineering. 2018 May 1;237;Available from: https://doi.org/
10.1016/j.jfoodeng.2018.05.016.

. Lourengo SC, Moldao-Martins M, Alves VD. Microencapsula-

tion of Pineapple Peel Extract by Spray Drying Using Mal-
todextrin, Inulin, and Arabic Gum as Wall Matrices. Foods.
2020 Jun 2;9(6):718;Available from: https://doi.org/10.3390/
foods9060718.

Li B, Bai W, Chen W, Chen F, Shu C. Biosynthesis and Chemistry
of Anthocyanins. In 2021. p. 75-93;.

Lin Y, Li C, Shi L, Wang L. Anthocyanins: Modified New Tech-
nologies and Challenges. Foods. 2023 Jan;12(7):1368;.
Baharfar R, Azimi R, Mohseni M. Antioxidant and antibacterial
activity of flavonoid-, polyphenol- and anthocyanin-rich ex-
tracts from Thymus kotschyanus boiss & hohen aerial parts.
J Food Sci Technol. 2015 Oct;52(10):6777-83;Available from:
https://doi.org/10.1007/s13197-015-1752-0.

Farias-Cervantes VS, Chavez-Rodriguez A, Garcia-Salcedo PA,
Garcia-Lépez PM, Casas-Solis J, Andrade-Gonzaélez I. Antimi-
crobial effect and in vitro release of anthocyanins from
berries and Roselle obtained via microencapsulation by
spray drying. Journal of Food Processing and Preservation.
2018;42(10):e13713;Available from: https://doi.org/10.1111/
jfpp.13713.

Basilio Cortes UA, Chavez Gutiérrez M, Gonzélez Mendoza
D, Gonzalez Salitre L, Suarez Vargas A, Ail Catzim CE, et
al. Microencapsulation and antimicrobial activity of extract
acetone-methanol of Hibiscus sabdariffa L. using a blend
modified starch and pectin as a wall material. 2021 [cited

3641


https://doi.org/10.3390/cosmetics8040106
https://doi.org/10.3390/cosmetics8040106
https://doi.org/10.1016/j.ijbiomac.2016.01.011
https://doi.org/10.1016/j.foodres.2021.110820
https://doi.org/10.1016/j.carbpol.2013.09.083
https://doi.org/10.3390/foods9070881
https://doi.org/10.3390/foods9070881
https://doi.org/10.3390/molecules26071973
https://doi.org/10.1007/s13197-012-0722-z
https://doi.org/10.1016/j.lwt.2015.06.047
https://doi.org/10.1002/fsn3.2659
https://doi.org/10.1016/b978-0-12-816678-9.00006-0
https://doi.org/10.1016/j.focha.2023.100405
https://doi.org/10.1016/j.focha.2023.100405
https://doi.org/10.1093/9780197610145.003.3423
https://doi.org/10.1093/9780197610145.003.3423
https://doi.org/10.1080/10408398.2022.2038080
https://doi.org/10.1080/10408398.2022.2038080
https://doi.org/10.1016/j.jbiotec.2016.10.001
https://doi.org/10.1016/j.jfoodeng.2018.05.016
https://doi.org/10.1016/j.jfoodeng.2018.05.016
https://doi.org/10.3390/foods9060718
https://doi.org/10.3390/foods9060718
https://doi.org/10.1007/s13197-015-1752-0
https://doi.org/10.1111/jfpp.13713
https://doi.org/10.1111/jfpp.13713

Science & Technology Development Journal 2024, 27(4):3633-3641

25.

26.

2024 Jan 8];170(172);Available from: https://doi.org/10.1016/
j.indcrop.2021.113725.

Lim HW, Seo KH, Chon JW, Song KY. Antimicrobial Activity
of Hibiscus sabdariffa L. (Roselle) Powder against Food-Borne
Pathogens Present in Dairy Products: Preliminary Study. Jour-
nal of Dairy Science and Biotechnology. 2020 Mar 1;38:37-
44;Available from: https://doi.org/10.22424/jdsb.2020.38.1.37.
Cortes H, Caballero-Floran IH, Mendoza-Munoz N, Escutia-
Guadarrama L, Figueroa-Gonzélez G, Reyes-Hernandez OD, et
al. Xanthan gum in drug release. Cell Mol Biol (Noisy-le-grand).
2020 Jun 25;66(4):199-207;Available from: https://doi.org/10.

27.

28.

14715/cmb/2020.66.4.24.

Balasundram N, Sundram K, Samman S. Phenolic compounds
in plants and agri-industrial byproducts: Antioxidant activ-
ity, occurrence, and potential uses. Food Chemistry. 2006
Jan 1;99(1):191-203;Available from: https://doi.org/10.1016/j.
foodchem.2005.07.042.

Suharto E, Arief |, Taufik E. Quality and Antioxidant Activity
of Yogurt Supplemented with Roselle during Cold Storage.
Media Peternakan. 2016 Aug 1;39:82-9;Available from: https:
//doi.org/10.5398/medpet.2016.39.2.82.

3642


https://doi.org/10.1016/j.indcrop.2021.113725
https://doi.org/10.1016/j.indcrop.2021.113725
https://doi.org/10.22424/jdsb.2020.38.1.37
https://doi.org/10.14715/cmb/2020.66.4.24
https://doi.org/10.14715/cmb/2020.66.4.24
https://doi.org/10.1016/j.foodchem.2005.07.042
https://doi.org/10.1016/j.foodchem.2005.07.042
https://doi.org/10.5398/medpet.2016.39.2.82
https://doi.org/10.5398/medpet.2016.39.2.82

	Spray-dried Encapsulation of Roselle (Hibiscus Sabdariffa) and Evaluation of Their Potential as Rich-antioxidant Compound
	Introduction
	Materials and methods  
	Materials
	Roselle extraction
	Preparation of roselle  microencapsulation  
	Preparation of spray-dried roselle powder
	Microencapsulation particle morphology
	Solubility
	pH and total acidity
	Total anthocyanin content
	DPPH free radical scavenging activity
	Evaluation of the antibacterial activity of the roselle powder
	Statistical analysis

	Results
	Physio-chemical profile of roselle extract
	Microencapsulated-roselle powder by spray drying
	Physio-chemical profile of the microencapsulated roselle powder

	Discussion
	Conclusions
	LIST OF ABBREVIATIONS USED
	COMPETING INTERESTS
	ACKNOWLEDGMENT
	AUTHORS' CONTRIBUTION
	References




