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Abstract: Edible flowers, including roselle, contain a varied composition of phenolic compounds that
may inhibit the oxidative stress mechanism. Roselle-based tisane with appealing sensory properties
is commonly consumed worldwide. However, the conventional hot-brew method may ruin the
stability of thermolabile phenolic compounds during the tisane preparation. Hence, this study aimed
to develop a new alternative brewing method linked with the new cold-brew method, which involves
a lower temperature and applying ultrasound to maximize the extraction of phenolic compounds
and to avoid degradation during the tisane preparation. The brewing factors, including particle size
(10, 20, 30 mesh), temperature (4, 15, 26 ◦C), time (10, 20, 30 min), and ultrasound amplitude (20, 60,
100% of the maximum amplitude) have been optimized simultaneously using Box–Behnken design
in conjunction with response surface methodology. Seven major phenolic compounds were identified
by HPLC-DAD and classified into hydroxycinnamic acid derivatives (HCA) and flavonoids. The
optimum extraction condition to reach the highest level of the studied phenolic compounds was set to
brew roselle with particle size of 30± 3.25 mesh at 26± 1.32 ◦C for 18± 2.00 min applying 78 ± 5.64%
ultrasound amplitude. This method successfully extracted almost all HCA and flavonoid during the
first cycle with less than 10% CV and provided higher antioxidant activity in terms of DPPH (IC50

9.77 ± 0.01 µg mL−1), ABTS (IC50 8.05 ± 0.02 µg mL−1), and FRAP (IC50 10.34 ± 0.03 µg mL−1) than
the roselle tisane prepared using the conventional method. Additionally, the resulting cold-brew
product was stable for up to five days of storage.

Keywords: edible flower; ready-to-drink; phenolic compound; multi-response optimization; Box-Behnken
design

1. Introduction

People’s lifestyles have evolved during the last few decades. Fast food, which has
high cholesterol, sugar, and fat [1], is preferred by people involved in an increased number
of activities and with considerable mobility. This behavior entrapped people in oxidative
stress and led to the development of non-communicational diseases (NCDs) such as cancer,
hyperglycemia, cholesterol, and stroke, which are currently rising [2]. However, healthy
foods attract consumers as they become more conscious and worried about their health,
mainly after the COVID-19 pandemic.
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Phenolic compounds are secondary metabolites found in natural sources such as
flowers that function as antioxidants and assist in regulating oxidative activity in the
human body. Phenolic compounds, including cinnamic acid and flavonoids, have been
shown to reduce oxidative stress [3]. These compounds also contribute to the distinct scent,
flavor, and color of food [4]. These considerations have prompted the food and beverage
industries to create functional foods that are not only high in phenolic compounds but also
have appealing specific sensory characteristics.

Beverages have grown dramatically and attracted consumers’ interest in recent years [5].
Flower tisane is a non-coffee and tea beverage seen as a healthy source of hydration and an
alternative to other beverages with high caffeine content. The most popular flower tisane
on the planet is roselle (Hibiscus sabdariffa L.), which contains cinnamic acid and several
flavonoid compounds that act as antioxidant compounds [6]. Roselle is a Malvaceae family
plant native to West Africa and has been extensively cultivated worldwide. Two varieties
of roselle (red and purple) are commonly consumed [7]. Roselle tisane is a red-colored
infusion with a sweet-sour flavor that has high economic interest due to its color and its
health benefit [8]. Roselle tisane is usually made using the conventional hot-brew method
(100 ◦C water, 5 min). However, the high-temperature exposure during tisane preparation
may cause degradation of the thermolabile phenolic compounds [9] then, reducing the
benefits of this beverage.

The cold-brew method (4−26 ◦C, 24 h) is also used to make roselle tisane. Several
studies have shown that cold brewing yields more bioactive compounds than hot brewing
methods while also reducing the bitterness of the tisane [10,11]. Furthermore, for beverage
industries that manufacture a large number of products, the cold brew method has attractive
benefits, mainly because hot brewing requires a large quantity of energy to boil water and
causes a high production cost [12]. Alternatively, the cold-brew method may be a viable
development of ready-to-drink roselle tisane with high levels of phenolic compounds.
Furthermore, to maximize the benefits of phenolic compounds in roselle tisane while
enhancing the effectiveness of extraction in the cold-brew method, ultrasound-assisted
extraction (UAE) appears as an advanced solution to make roselle tisane in less time at
a lower temperature. UAE produces cavitation bubbles near the matrix, which generate
several effects, i.e., matrix degradation and particle breakdown, thus boosting the targeted
analytes to release into the solvent [13].

However, various factors may have an impact on the performance of the UAE in
producing phenolic compounds-rich roselle tisane. UAE amplitude may affect the produc-
tion of cavitation bubbles that enhance the disintegration of the matrix. In contrast, the
effectivity of water diffusion into the matrix is affected by particle size, and the brewing
temperature is likely to influence both the transmission of the ultrasound and the solubility
of the phenolic compounds in the water. The extraction time also defines the amount of
extracted phenolic compound from the roselle matrix [14]. Henceforth, these UAE factors
must be evaluated and optimized.

A Box–Behnken design (BBD) in conjunction with response surface methodology was
used together with desirability functions to establish the optimum condition of the UAE to
extract multi-phenolic compounds. Furthermore, the stability and antioxidant activities
(DPPH, FRAP, and ABTS assay) of phenolic compounds in the resulting roselle tisane by
the UAE cold-brew method were estimated during five days of cold storage.

2. Materials and Methods
2.1. Chemical and Reagents

The standard compounds of ascorbic acid, chlorogenic acid, and rutin, as well as reagents
including DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2′-azino-bis3-ethylbenzothiazoline-
6-sulfonic acid), and TPTZ (2,4,6-tripiridyl-s-triazine), were obtained from Sigma Aldrich
(St. Louis, MO, USA). Methanol (HPLC grade), acetic acid glacial, NaCO3, KCl, Na2HPO4,
KH2PO4, and FeCl3·6H2O were obtained from Merck (Darmstadt, Germany). Aquapro for
injection was supplied by PT. Ikapharmindo Putramas (Jakarta, Indonesia).
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2.2. Plant Materials

The fresh roselle calyx was purchased from a local farmer in Kemloko, Selopampang,
Temanggung, Central Java, Indonesia. Roselle calyx was harvested at four months old
during the rainy season. Red and purple varieties of roselle calyx were used in this study.
Subsequently, the flowers were dried using a dehydrator (LocknLock Food Dehydrator
EJO316PIK/LBLU, Suzhou, China) at 80 ◦C for 4 h until the moisture content reached 5%.
The particle size of the dried roselle was then reduced using a grinder (KLAZ, CG9100,
Guangzhou, China) with 10 s on and 10 s off and sifted with 10, 20, and 30 mesh sifters.
The sample was stored in an amber air-tight container at −24 ◦C.

2.3. Ultrasound-Assisted Extraction

An ultrasonic system was used to assist in extracting cold-brew methods. The ultra-
sound UP200St was completed with a titanium horn probe Ø 7 mm, amplitude horn 70 µm,
26 kHz, 200 W (Hielscher Ultrasonic GmbH, Teltow, Germany). The brewing temperature
was controlled using a circulated water bath (J.P. Selecta, Barcelona, Spain). One gram
sample was weighed and placed in a 60 mL bottle with 50 mL water as a solvent. The ex-
traction condition was set based on the experimental design’s particle size (10, 20, 30 mesh);
temperature (4, 15, and 26 ◦C); time (10, 20, and 30 min); and ultrasound amplitude (20,
60, and 100%). The pulse duty cycle was fixed at 1 s−1. After the extraction, the roselle
extract was separated from the solid part using a Sorvall ST-8R centrifuge (Thermo Fisher
Scientific, Langenselbold, Germany) at 4000 rpm for 10 min. Then, the extract volume was
adjusted to 50 mL, stored in closed vials wrapped with aluminum foils, and kept at 4 ◦C
until chromatographic analysis.

2.4. Analysis of the Phenolic by HPLC-DAD

The roselle extracts were analyzed using high-performance liquid chromatography
coupled with a diode array detector (HPLC-DAD) (Shimadzu Corp., Kyoto, Japan) system.
The phenolic compound separation was carried out by a C18 reverse-phase column (5 µm,
4.6 × 150 mm, Shimadzu Corp., Kyoto, Japan), and the column oven was set at 30 ◦C. The
mobile phase consisted of phase A (2% acetic acid, 5% methanol in water) and phase B
(2% acetic acid, 88% methanol in water). The gradient of elution (time, % solvent B) was
0 min, 20%; 15 min, 100%; and 18 min, 100%. The flow rate was 1 mL min−1. The extracts
were filtered through a 0.45 µm nylon filter. The chromatogram was processed using
LabSolutions CS (Shimadzu Corp., Kyoto, Japan). For identifying phenolic compounds, a
complete scanning for the spectra (200–400 nm) was performed by DAD. Identification was
carried out by comparing the retention times and spectra of compounds found in samples
with standard compounds. For the quantification, a specific wavelength was used at the
maximum absorbance for the corresponding compounds: 320 nm for HCA derivatives and
355 nm for flavonoid derivatives. Calibration curves with a low (0.01–10 µg mL−1) and
high (20–100 µg mL−1) range were used to quantify the compounds.

2.5. Analysis of the Phenolic Stability by HPLC-DAD

The total peak area of HCA and flavonoid derivatives was used to measure and
evaluate the stability of phenolic compounds in roselle extracts during five days of storage.
The roselle extracts were placed in a 60 mL transparent bottle glass and stored in a 4 ◦C
refrigerator. Phenolic stability was evaluated by checking the levels of HCA and flavonoid
derivatives every 12 h with a total evaluation of 96 h by chromatographic analyses.

2.6. Evaluation of the Extraction Process

The precision of the optimized method was evaluated to observe the quality consis-
tency of the developed ultrasound-assisted cold-brew method. Precision was reported
as the coefficient of variation (CV, %) and was assessed at two levels: repeatability and
intermediate precision. On the same day, nine extractions were performed for repeatability
assessment, and four extractions were done on each of three different days to evaluate
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the intermediate precision with a total of twelve experiments. A cycle study was also
performed to determine if the solid residue still contains interesting levels of phenolic com-
pounds after the extraction under the optimum conditions defined by the MRO. Therefore,
the extraction was conducted in seven cycles to confirm the optimum extraction cycle for
beverage production. The extract was collected after centrifugation in the first extraction
cycle, while the residue was extracted with a new solvent for subsequent extractions un-
til the seventh extraction. The phenolic compounds in the extract from each cycle were
measured. The experiment was carried out in triplicate.

2.7. DPPH Assay

Antioxidant activity assay using DPPH (α-diphenyl-β-pricylhydrazyl) expressed in
radical scavenging activity (RSA, %) and IC50 value. The DPPH method was referred to
by Sompong et al. (2011) [15]. One mL DPPH reagent 0.1 mM in 100% methanol was
mixed with 0.2 mL roselle extract, then vortexed and incubated in dark condition for 1 h.
After being incubated, the absorbance was measured at a wavelength of 515 nm. Controls
were made from DPPH reagents without adding samples, and ascorbic acid was used as a
standard. The percentage of RSA% was calculated using the following formula, while the
IC50 (µg mL−1) value was obtained from regression analysis, with sample concentrations
as the x-axis and RSA% as the y-axis.

Radical scavenging activity % =
[Absorbance o f control − Absorbance o f sample]

Absorbance o f control
× 100

2.8. FRAP Assay

The ferric-reducing antioxidant potential (FRAP) method was performed according to
Assefa et al. [16]. FRAP reagent was prepared fresh before being used by mixing 300 mM
acetate buffer (pH 3.6), TPTZ (2,4,6-tripyridyl-s-triazine) solution in 40 mM HCl and 20 mM
FeCl3·6H2O with a ratio of 10:1:1 (v/v). Then, 3 mL of FRAP reagent was mixed with 0.3 mL
of water and 0.1 mL of the extract and then incubated at 37 ◦C for 30 min. Ascorbic acid
was used as standard, and a UV-Vis spectrophotometer (Thermo Scientific GENESYS
10 UV-Vis Spectrophotometer, Madison, WI, USA) was used to measure the absorbance of
the mixture with the wavelength set at 593 nm. The percentage of RSA% was calculated
using the following formula. At the same time, the IC50 (µg mL−1) value was obtained
from regression analysis, with sample concentrations as the x-axis and the absorbance
value as the y-axis.

Radical scavenging activity % =
[Absorbance o f sample− Absorbance o f control]

Absorbance o f sample
× 100

2.9. ABTS Assay

The 2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonicacid (ABTS) method was evalu-
ated according to the method from Re et al. [17]. ABTS reagent was freshly prepared for
12–16 h incubated in the darkroom before being used with mixed 5 mL of 7 mmol L−1

of ABTS solution and 88 µL of 140 mmol L−1 potassium persulfate solution. After the
incubation, then the mixture was diluted with Phosphate Buffer Saline (PBS 5 mM (pH 7.4)
until the absorbance value of the mix was 0.700± 0.02 (∆734 nm); this absorbance value was
taken as blank absorbance value, and ascorbic acid was used as standard. For the analysis,
the sample (3 mL) was mixed with 3 mL of ABTS mixture reagent and then incubated
for 6 min. The sample absorbance value was calculated with the RSA% formula and the
IC50 (µg mL−1) value obtained from regression analysis, with sample concentrations as the
x-axis and the absorbance value as the y-axis.

Radical scavenging activity % =
[Absorbance o f control − Absorbance o f sample]

Absorbance o f sample
× 100
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2.10. Experimental Design and Data Analysis

BBD was used in this study to measure the effects of four independent factors that are
particle size (X1), temperature (X2), time (X3), and ultrasound amplitude (X4) on the total
of HCA derivatives and flavonoids. As the design consists of four factors with three levels
−1 (low), 0 (medium), and 1 (high), including three repetitions at their center points, the
experimental design thus consisted of 27 experimental runs (Table 1).

Table 1. Box–Behnken design experimental runs with the corresponding responses * and
prediction errors.

Run

Factors * Response (%)

X1 X2 X3 X4
HCA Derivatives Flavonoid Derivatives

Observed Predicted Error Observed Predicted Error

1 1 1 0 0 100.00 96.51 3.49 100.00 93.39 6.61
2 0 0 0 0 75.70 76.31 0.80 60.45 56.04 7.30
3 0 1 1 0 77.91 80.91 3.85 57.32 63.20 10.26
4 1 0 −1 0 87.49 87.76 0.31 75.72 69.85 7.76
5 −1 0 1 0 56.43 55.46 1.71 20.70 26.50 28.04
6 0 −1 −1 0 53.82 50.84 5.52 34.41 29.48 14.31
7 0 1 0 −1 71.86 64.91 9.66 52.14 40.55 22.23
8 0 −1 1 0 74.77 71.07 4.95 54.57 46.71 14.41
9 1 0 0 −1 75.71 79.55 5.08 46.44 53.99 16.27

10 0 0 −1 −1 43.91 46.51 5.93 17.30 25.01 44.57
11 0 1 −1 0 73.06 76.79 5.10 56.00 64.82 15.74
12 0 0 0 0 73.17 76.31 4.30 46.23 56.04 21.22
13 0 0 −1 1 72.25 67.40 6.71 48.76 42.48 12.89
14 0 0 1 1 76.02 74.09 2.54 60.64 52.05 14.17
15 0 1 0 1 82.33 84.53 2.67 65.61 67.63 3.07
16 1 0 1 0 91.61 89.68 2.11 78.51 77.88 0.81
17 −1 −1 0 0 29.98 34.14 13.89 10.59 16.32 54.10
18 0 −1 0 1 56.18 62.43 11.12 22.36 33.88 51.49
19 −1 0 −1 0 31.80 33.03 3.86 18.36 18.92 3.07
20 −1 0 0 1 54.30 50.48 7.03 28.68 22.08 23.02
21 1 −1 0 0 87.24 86.41 0.95 63.68 61.31 3.72
22 −1 0 0 −1 31.87 29.76 6.63 10.48 3.50 66.63
23 0 −1 0 −1 54.13 51.23 5.36 24.56 22.47 8.49
24 −1 1 0 0 58.32 59.82 2.57 34.58 36.07 4.30
25 1 0 0 1 87.51 89.65 2.44 65.95 73.89 12.03
26 0 0 0 0 80.07 76.31 4.69 61.43 56.04 8.79
27 0 0 1 −1 58.64 64.16 9.41 25.64 31.04 21.07

* The relative value to maximum response (%) of the HCA derivatives or flavonoid derivatives in the sample.

Minitab software (Minitab Ltd., Brandon Curt, UK) was utilized for data analysis once
the BBD experimental run was finished. Analysis of variance (ANOVA) was defined as
the statistical significance of the studied factor and the evaluation of the fitting quality of
the polynomial model. A second-order polynomial equation including all possible main,
interaction, and quadratic effects was applied as follows:

Y = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β12X1X2 + β13X1X3 + β14X1X4 + β23X2X3 + β24X2X4 + β34X3X4+
β11X1

2 + β22X2
2 + β33X3

2 + β44X4
2 (1)

From the equation, Y was the dependent variable, while X1, X2, X3, and X4 were
the studied factors. β0 corresponded to the ordinate coefficients; βi represented the linear
coefficients; βij was the cross-product coefficients between two factors; and βii indicated
the quadratic coefficients. Multi-response optimization–response surface methodology
(MRO-RSM) was used simultaneously to optimize the response of cinnamic acid and
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flavonoid after the response surface equations from the response over the BBD domain
were established.

Roselle extracts from optimized conditions are tested with an antioxidant activity
assay. Antioxidant activity assay (DPPH, ABTS, and FRAP) and phenolic stability are
tested triplicate and present as IC50. Analysis of variance (ANOVA) was used as a statistical
analysis method with a completely randomized design by Minitab software. If ANOVA
suggests a significant difference, Tukey’s HSD Test at a 5% level was used to check the
differences among the means.

3. Results and Discussion
3.1. HPLC Performance for Analysis of Phenolic Compound

The chromatographic system was validated in accordance with ICH guideline Q2
(R1) [18]. The performance of HPLC-DAD in detecting and quantifying phenolic com-
pounds from roselle tisane using the UAE cold-brew method was assessed using standard
curves. Low range (0.01–10 µg mL−1) and high range (20–100 µg mL−1) of chlorogenic
acid and rutin standard calibration curves were prepared to cover the concentration range
from the sample. Table 2 shows the performance of the HPLC-DAD method for the
determination of both chlorogenic acid and rutin.

Table 2. Performance of the HPLC-PDA method for individual phenolic compounds.

Phenolic
Compound

Linear Equation LOD
(µg mL−1)

LOQ
(µg mL−1)High Range R2 Low Range R2

Chlorogenic
Acid y = 54,048x + 26,370 0.999 y = 54,147x − 302 0.999 0.24 0.73

Rutin y = 35,773x + 21,028 0.999 y = 37,588x − 1154 0.997 0.71 2.15

In order to quantify individual phenolic compounds in the sample, regression analysis
was utilized to find the determination coefficient (R2) to evidence the linearity within the
studied range. The result indicates high R2 values for chlorogenic acid (0.99) and rutin
(0.99). The limit of detection (LOD) and quantification (LOQ) were estimated using the
slope and the standard deviation at the origin from the regression analysis of the calibration
curve. Hence, the chromatographic method used in this study was reliable for determining
the studied compounds in roselle tisane samples.

3.2. Phenolic Profile of Roselle Tisane

The individual phenolic compounds in roselle tisane were identified using HPLC-
DAD by comparing the UV-Vis spectra and retention time of each compound with the
standard. Seven compounds were detected as major compounds in roselle tisane and
divided into two groups: HCA and flavonoid derivatives. Figure 1 represents the UV-Vis
spectra of the HCA derivatives (Figure 1a) and the flavonoids (Figure 1b). These phenolic
compounds were classified based on their molecular structure (Figure 1c,d), which has
a substantial influence on their activity and also has similar UV-Vis spectra within the
group [19,20].
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Figure 2a shows the chromatogram of roselle tisane at 355 nm for flavonoids deriva-
tives identification, and peak 3 was identified as rutin. In contrast, Figure 2b shows the
chromatogram of roselle tisane at 320 nm for HCA derivatives identification, and peak 2
was identified as chlorogenic acid. Those identified compounds were confirmed with the
analyses of available standards and then by comparing their chromatographic and spectro-
scopic properties. Chlorogenic acid is one of the phenolic compounds that is rarely found
in most edible flowers [21]. Previous studies have also shown that roselle extract contains
cinnamic acid derivatives and flavonoids, including chlorogenic acid and rutin [6,22].

3.3. Optimization of UAE Method

The factors that were likely to affect the UAE cold-brew efficiency were optimized
and studied based on BBD-RSM. The level for the extraction factors was chosen based on
previous information in the literature on the brewing method and extraction of phenolic
compounds from edible flowers [23–25]. After 27 experiments of BBD, including 3 center
points, the responses were recorded as two groups of HCA derivatives and flavonoids.
Analysis of Variance (ANOVA) was performed to estimate the main, interaction, and
quadratic effects of the studied factors on the recovery of HCA and flavonoid derivatives.
A Pareto chart (Figure 3) represents the standardized effect on BBD response graphically,
while a response surface plot (Figure 4) represents the predicted response due to the
combination of the level of UAE factors.

As shown in Figure 3, it can be observed that particle size (X1) was the most critical
factor that significantly had a positive effect on the amount of HCA and flavonoid deriva-
tives in roselle tisane. Particle size will influence the effectivity of the solvent to diffuse
in the roselle matrix. It must be noted that the lower the particle size is, the larger the
surface between the liquid and the solid material is. Therefore, higher extraction should
be expected at lower particle sizes. However, the opposite effect has been found. It is
because the small particles were not fully immersed in the liquid but in the surface, while
the big particles were fully immersed. Therefore, a larger contact surface was found for big
particle sizes. The response surface plot (Figure 4) shows that the optimum point of particle
size is near high point (30 mesh), implying that the larger the particle size, the higher the
extraction efficiency.
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The second factor that affected the amount of HCA and flavonoid derivatives was
the temperature (X2). Temperature changes influence the solubility and mass transfer rate.
The analytes’ solubility and mass transfer rate will increase as the temperature rises [26,27].
However, some phenolic compounds, including flavonoids, are unstable above 70 ◦C.
In this cold-brew method, the low temperature was used to ensure stability and avoid
phenolic compound breakdown caused by high temperature [28,29]. The response surface
plot (Figure 4) shows that the optimum point of extraction temperature was located near
the high point (26 ◦C). This result indicates that higher temperature increases the yield of
HCA and flavonoid derivatives.

Amplitude (X4) was another factor significantly affecting the extraction of HCA and
flavonoid derivatives in roselle. The change of amplitude (X4) affected the rate of cavitation
bubbles formation in the medium as well as the interaction between the medium and
the roselle matrix. The Pareto chart suggests that the higher the amplitude is, the larger
the recovery is. The response surface plot (Figure 4) shows that the optimum point of
amplitude is between medium (60%) and high (100%) points. It is supposed that the higher
the amplitude is, the more intense the cavitation bubble production is, which increases
matrix cell wall rupture due to local shear stress and consequently increases the target
compounds released into the solvent. Even so, utilizing a high amplitude, some phenolic
compounds could be degraded because high energy promotes oxidation reactions [12]. The
extraction process using a higher amplitude than the optimum point will decrease the yield
of the analytes. It must be noted that the quadratic effect of the amplitude (X4X4) has a
negative impact on extraction yield.

Extraction time (X3) only significantly affects the yield of HCA derivatives, in this
case, with a positive relationship (Figure 3). The more extended the extraction time is, the
larger the extraction yield is due to more chances for the solvent to interact with the roselle
matrix and extract the analyte. On the other hand, extraction time did not significantly
affect the yield for flavonoids. Therefore, the extraction of flavonoids is fast enough to
avoid additional extraction due to additional extraction time [30]. The response surface
plot (Figure 4b) shows that the extraction time for flavonoid derivatives was near 0.

The second-order polynomial equation was established using the results for HCA
and flavonoids. This mathematical model can predict the concentration of both HCA and
flavonoid derivatives under different experimental conditions.

HCA = 76.313 + 22.238X1 + 8.946X2 + 6.087X3 + 7.706X4 − 3.895X1X2 − 5.127X1X3 − 2.657X1X4
−4.025X2X3 + 2.105X2X4 − 2.740X3X4 − 5.255X1

2 − 1.837X2
2 − 4.574X3

2 − 8.699X4
2 (2)
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Flavonoids = 56.037 + 25.576X1 + 12.957X2 + 3.902X3 + 9.620X4 + 3.082X1X2 + 0.112X1X3 + 0.327X1X4
−4.710X2X3 + 3.917X2X4 + 0.885X3X4 − 3.515X1

2 − 0.749X2
2 − 4.235X3

2 − 14.157X4
2 (3)

Table 1 summarizes the experimental run corresponding to the measured and pre-
dicted response value. The average difference between the measured and predicted re-
sponse of HCA and flavonoid derivatives was 4.87 and 21.20%, while the R2 of the predic-
tion models for HCA was 0.9659 and for flavonoids was 0.9134, respectively. The high error
of flavonoid response is directly related to the errors found for the experiments showing
very low recoveries. It must be noted that the experiments with recoveries higher than
60% show errors below 10%—in most cases, below 5%. Therefore, the model has reliable
prediction results for the experiments showing high recoveries, which means the optimum
extraction conditions. The variability of the current model residuals to the variability
between observations at replicate settings for the factors was calculated for the test. The p-
values for lack-of-fit in the ANOVA table of HCA derivatives (0.334) and flavonoids (0.448)
were more significant than 0.05. Therefore, the models were suitable for the intended
purpose at a confidence level of 95%.

The developed models proposed the optimum conditions of the studied factors for
cinnamic acid and flavonoid responses over the BBD result. Subsequently, the MRO was
applied to acquire the most compromised UAE cold-brew condition in order to obtain
satisfactory recoveries for each group of phenolic compounds. The suggested extraction
conditions were 30 mesh particle size (X1), temperature 26 ◦C (X2), time 18 min (X3), and
78% amplitude of UAE (X4).

3.4. Extraction Process Evaluation

The developed BBD-RSM model has suggested the optimal conditions of the studied
factors, and Minitab was used for further analysis. Hence, the precision was evaluated to
ensure that the newly developed method consistently extracted phenolic compounds in the
roselle matrix. The consistency of the extraction will maintain the quality of the product.

To determine the level of precision, nine repeated extractions were performed on the
same day (repeatability) and four repeated extractions on three different days (intermediate
precision). Table 3 presents the %CV of the two levels of precision with values less than
10% for both repeatability and intermediate precision. Hence, the developed method is
considered a precise extraction method for beverage production, providing a certain level
of phenolic compounds.

Table 3. Precision of the extraction of phenolic compounds from roselle by ultrasound-assisted
cold-brew method.

Phenolic Compound
Precision CV (%)

Repeatability Intermediate Precision

HCA 1 1.99 3.19
Chlorogenic acid 2.34 6.13

HCA 2 9.91 8.13
HCA 3 3.69 7.06

Flavonoid 1 8.54 8.46
Flavonoid 2 2.78 6.78

Rutin 2.93 7.80

The multi-cycle extraction of phenolic compounds from roselle tisane at predetermined
optimum extraction conditions was used to assess the recovery of the newly developed
method extraction process. The extraction was repeated for up to seven cycles and then us-
ing the total sum area as the total level of the compound in the sample. The first extraction
cycle recovered 91.25% for HCA derivatives and 98.74% for flavonoid derivatives. This
result confirmed that the flavonoid derivatives are more easily extracted than the HCA
derivatives. Hence, working at the best extraction conditions, less than 10% of total HCA
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and flavonoid derivatives remained in the roselle solid material. Furthermore, to obtain
the consistency of the optimum value of each compound, the extraction condition should
maintain at a certain interval condition. These interval conditions were predicted by the
measurement of robustness using model error and intermediate precision. Then, the opti-
mum condition of the UAE cold-brew method were as follows: particle size 30 ± 3.25 mesh,
temperature 26 ± 1.32 ◦C, time 18 ± 2.00 min, and ultrasound amplitude 78 ± 5.64%.

3.5. Roselle Tisane Production

Two varieties of roselle are commonly found in Indonesia, namely red roselle and
purple roselle. The variety differences can affect the amount and the composition of
phenolic compounds. In order to assess the highest antioxidant activities in roselle tisane
products, the developed method was applied to extract the red roselle and purple roselle to
evaluate the amount and composition of phenolic compounds in the tisane. The contents
of identified phenolic compounds (mg L−1), namely chlorogenic acid and rutin, are shown
in Table 4, while the HCA and flavonoids derivatives are presented with relative values to
the total peak area (%) in Figure 5.

Table 4. The level of phenolic compounds in the studied roselle tisane produced using the best
extraction conditions.

Phenolic Compounds
Roselle Tisane Sample (mg L−1)

Purple Red

Chlorogenic Acid 69.22 ± 1.67 43.48 ± 0.39
Rutin 2.13 ± 0.06 * 4.58 ± 0.20

* The value was between LOD and LOQ.
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This study shows that purple roselle (69.22 ± 1.67 mg L−1) has higher chlorogenic
acid than red roselle (43.48 ± 0.39 mg L−1), while red roselle (4.58 ± 0.20 mg L−1) has
higher rutin than purple roselle (2.13 ± 0.06). This result is in accordance with a previous
study [22], which reported that chlorogenic acid is the predominant compound identified in
roselle, where purple roselle has a higher amount of chlorogenic acid, while red roselle has
higher rutin than purple roselle. But overall, purple roselle exhibits higher total phenolic
compounds than red roselle. This result is also in accordance with a previous study that
demonstrated that the darker the color of roselle calyx was, the higher the level of total
phenolic compounds was [31].
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The level of HCA and flavonoid derivatives from each roselle flower sample is shown
in Figure 5. In general, roselle tisane with the cold-brew method was 90% dominated
by HCA and only had small amounts of flavonoid compounds. Chlorogenic acid is the
dominant compound in purple roselle tisane, while in red roselle, HCA 1 is more dominant
than chlorogenic acid. Chlorogenic acid is an important compound that should be identified
since chlorogenic acid contributes to sensory characteristics such as acidity, bitterness, and
astringency in beverage products [32].

Several studies showed that roselle extract contains hydroxybenzoic acid (HBA) deriva-
tives such as protocatechuic acid and gallic acid [33–35]. However, this study did not show
the same result. This might be influenced by the solvent and extraction condition that
was used for the optimization. Additionally, protocatechuic acid and gallic acid have poor
solubility in room temperature water [36].

3.6. Phenolic Stability

The stability of ultrasound-assisted cold brew in roselle tisane was done by measuring
the total sum of the peak area from HCA and flavonoid compounds by HPLC analysis and
antioxidant activity by DPPH assay in the optimized condition (Figure 6). The five-day
observation was chosen due to the lack of heat treatment, which could contain mesophilic
flora and degrade the freshness of cold brew products [37].
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Phenolic compounds play an antioxidant role in roselle tisane, naturally known as
a thermolabile compound. A previous study shows that antioxidant activities decrease
23–66% during 72 h storage time at room temperature [38]. However, low storage tempera-
ture can inhibit the phenolic compounds degradation [39]. From Figure 6, generally, the
phenolic compound from 0 till 96 h is relatively stable without any significant decrease
(p = 0.05). The storage of roselle tisane at 4 ◦C for five days successfully maintains the phe-
nolic compounds. According to Chang [40], the phenolic compounds remained stable until
15 days of 4 ◦C storage. However, the matrix can modify this behavior. A previous study
stated that cinnamic acid derivatives were stable and did not show significant degradation
after 30 days [41]. Flavonoid also offers good stability during storage time. Rutin and
quercetin are the predominant flavonoid compound found in roselle that easily degrade
in high temperatures but are relatively stable at ambient and cold temperatures [42,43].
Therefore, no losses were detected for up to 5 days in the cold-brew roselle tisane.

Additionally, there were no significant differences in antioxidant activity in roselle
tisane during five days of storage at 4 ◦C (Figure 7). The pH of roselle tisane was 2.43 for
red roselle extract and 2.55 for purple roselle extract. The low pH also contributed to the
stability of phenolic compounds [42,44].
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3.7. Antioxidant Activity Characteristic

The antioxidant activity of roselle tisane was determined using the DPPH, ABTS, and
FRAP assay and presented as an IC50 value on days one and five. The IC50 value is the
total amount of antioxidant content in a sample that may inhibit the radical compounds of
selected assays by 50%. Thus, the lower the IC value is, the greater the antioxidant activity
is [45]. Three different antioxidant assays were performed, and the correlation between
the antioxidant activity assay and the total phenolic compound was discovered. Phenolic
compounds present in roselle tisane contribute to antioxidant activity.

Table 5 shows the antioxidant activity of roselle tisane on day one and day five.
Roselle tisane with UAE cold-brew method has DPPH, ABTS, and FRAP IC50 values with
no significant difference between day one and day five. This result has a good correlation
with Figure 6, which shows the phenolic compounds have good stability during five days
of storage in cold conditions. Roselle tisane with the conventional cold-brew method has
higher DPPH, ABTS, and FRAP IC50 values and significantly increases after five days
of storage in the same condition as UAE cold brew method. Extracts produced by the
conventional cold brew methods have lower antioxidant activity (higher IC50) than those
obtained using the UAE cold brew method and become more significantly different after
five days of storage. The decreasing antioxidant activity may be affected by microbial
growth. However, UAE can inhibit microbial growth due to the production of cavitation
bubbles that can lead to sonoporation, local shear stress, and detexturation to disrupt the
microbial cell [1,13].

Table 5. Antioxidant activity of roselle tisane cold brew.

Antioxidant
Activity
Assay

IC50 Value (µg mL−1)

Ascorbic
Acid

Conventional UAE

Day 1 Day 5 Day 1 Day 5

DPPH 3.23 9.77 ± 0.01 a 10.75 ± 0.04 b 9.54 ± 0.06 a 9.57 ± 0.01 a

ABTS 3.58 8.06 ± 0.02 a 8.69 ± 0.10 b 7.80 ± 0.03 a 7.82 ± 0.14 a

FRAP 6.99 10.34 ± 0.03 a 10.88 ± 0.11 b 9.96 ± 0.01 a 10.01 ± 0.03 a

Note: different letter in one row means significant differences based on Tukey’s HSD (p < 0.05).

4. Conclusions

A fast and reliable UAE cold brew for developing roselle tisane to maintain high
antioxidant activity was successfully optimized using BBD in conjunction with RSM. The
optimum extraction yield can be achieved by applying the following UAE cold-brew
condition: particle size 30 ± 3.25 mesh, temperature 26 ± 1.32 ◦C, time 18 ± 2.00 min, and
ultrasound amplitude 78 ± 5.64%. The developed method successfully extracted almost all
HCA and flavonoid derivatives during the first extraction cycle with less than 10% CV for
both repeatability and intermediate precision, showing a good extraction process to produce
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consistent quality of roselle tisane. Purple roselle offers higher phenolic compounds and
antioxidant activities than red roselle. With the evaluated primary phenolic compound
found in roselle tisane, the method produced roselle tisane that was relatively stable during
five days of storage at 4 ◦C. The optimized method offers an alternative to the conventional
brewing method, which has a substantial impact on the production and product quality of
the beverage industry, which focuses on functional and healthy beverages. Furthermore,
product formulation could be developed to obtain consumer preferences.
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Chemical Composition and Phenols Extraction. Plants 2023, 12, 309. [CrossRef] [PubMed]

30. Ferreira, O.; Pinho, S.P. Solubility of Flavonoids in Pure Solvents. Ind. Eng. Chem. Res. 2012, 51, 6586–6590. [CrossRef]
31. Christian, K.R.; Jackson, J.C. Changes in Total Phenolic and Monomeric Anthocyanin Composition and Antioxidant Activity of

Three Varieties of Sorrel (Hibiscus sabdariffa) during Maturity. J. Food Compos. Anal. 2009, 22, 663–667. [CrossRef]
32. Upadhyay, R.; Mohan Rao, L.J. An Outlook on Chlorogenic Acids-Occurrence, Chemistry, Technology, and Biological Activities.

Crit. Rev. Food Sci. Nutr. 2013, 53, 968–984. [CrossRef]
33. Trinh, L.T.P.; Choi, Y.S.; Bae, H.J. Production of Phenolic Compounds and Biosugars from Flower Resources via Several Extraction

Processes. Ind. Crops Prod. 2018, 125, 261–268. [CrossRef]
34. Lourith, N.; Kanlayavattanakul, M. Antioxidant Activity and Stability of Natural Colour Recovered from Roselle Juice Production.

Agro Food Industry Hi Tech 2013, 24, 40–43.
35. Samadi, S.; Raouf Fard, F. Phytochemical Properties, Antioxidant Activity and Mineral Content (Fe, Zn and Cu) in Iranian

Produced Black Tea, Green Tea and Roselle Calyces. Biocatal. Agric. Biotechnol. 2020, 23, 101472. [CrossRef]
36. Srinivas, K.; King, J.W.; Howard, L.R.; Monrad, J.K. Solubility of Gallic Acid, Catechin, and Protocatechuic Acid in Subcritical

Water from (298.75 to 415.85) K. J. Chem. Eng. Data 2010, 55, 3101–3108. [CrossRef]
37. Kwok, R.; Lee Wee Ting, K.; Schwarz, S.; Claassen, L.; Lachenmeier, D.W. Current Challenges of Cold Brew Coffee—Roasting,

Extraction, Flavor Profile, Contamination, and Food Safety. Challenges 2020, 11, 26. [CrossRef]
38. Deng, M.; Deng, Y.; Dong, L.; Ma, Y.; Liu, L.; Huang, F.; Wei, Z.; Zhang, Y.; Zhang, M.; Zhang, R. Effect of Storage Conditions on

Phenolic Profiles and Antioxidant Activity of Litchi Pericarp. Molecules 2018, 23, 2276. [CrossRef]
39. Padda, M.S.; Picha, D.H. Effect of Low Temperature Storage on Phenolic Composition and Antioxidant Activity of Sweetpotatoes.

Postharvest Biol. Technol. 2008, 47, 176–180. [CrossRef]
40. Chang, M.Y.; Lin, Y.Y.; Chang, Y.C.; Huang, W.Y.; Lin, W.S.; Chen, C.Y.; Huang, S.L.; Lin, Y.S. Effects of Infusion and Storage on

Antioxidant Activity and Total Phenolic Content of Black Tea. Appl. Sci. 2020, 10, 2685. [CrossRef]
41. Li, Q.; Li, S.; Xu, T.; Xieli, C. Study on the Stability of the Effective Components Cinnamic Acid in the Decoction of Cinnamon. J.

Pharm. Pract. 2020, 38, 255–258.
42. Van Der Sluis, A.A.; Dekker, M.; Van Boekel, M.A.J.S. Activity and Concentration of Polyphenolic Antioxidants in Apple Juice. 3.

Stability during Storage. J. Agric. Food Chem. 2005, 53, 1073–1080. [CrossRef]
43. Lyu, J.I.; Kim, J.M.; Kim, D.G.; Kim, J.B.; Kim, S.H.; Ahn, J.W.; Kang, S.Y.; Ryu, J.; Kwon, S.J. Phenolic Compound Content of Leaf

Extracts from Different Roselle (Hibiscus sabdariffa) Accessions. Plant Breed. Biotechnol. 2020, 8, 1–10. [CrossRef]

https://doi.org/10.1016/j.foodchem.2010.05.115
https://doi.org/10.1007/s11694-016-9405-1
https://doi.org/10.1016/s0891-5849(98)00315-3
https://doi.org/10.3390/plants10010118
https://doi.org/10.1016/j.jphotobiol.2015.03.032
https://doi.org/10.1016/j.indcrop.2017.10.051
https://doi.org/10.3390/foods_2020-07681
https://doi.org/10.22270/jddt.v9i2.2413
https://doi.org/10.1016/j.foodres.2020.109133
https://doi.org/10.1016/j.foodres.2019.108660
https://doi.org/10.3390/molecules21010018
https://doi.org/10.1016/j.ejps.2009.04.009
https://www.ncbi.nlm.nih.gov/pubmed/19406228
https://doi.org/10.3390/molecules27092971
https://www.ncbi.nlm.nih.gov/pubmed/35566326
https://doi.org/10.3390/plants12020309
https://www.ncbi.nlm.nih.gov/pubmed/36679022
https://doi.org/10.1021/ie300211e
https://doi.org/10.1016/j.jfca.2009.05.007
https://doi.org/10.1080/10408398.2011.576319
https://doi.org/10.1016/j.indcrop.2018.09.008
https://doi.org/10.1016/j.bcab.2019.101472
https://doi.org/10.1021/je901097n
https://doi.org/10.3390/challe11020026
https://doi.org/10.3390/molecules23092276
https://doi.org/10.1016/j.postharvbio.2007.06.014
https://doi.org/10.3390/app10082685
https://doi.org/10.1021/jf040270r
https://doi.org/10.9787/PBB.2020.8.1.1


Beverages 2023, 9, 58 16 of 16

44. Morales-Cabrera, M.; Hernández-Morales, J.; Leyva-Rúelas, G.; Salinas-Moreno, Y.; Soto-Rojas, L.; Castro-Rosas, J. Influence of
Variety and Extraction Solvent on Antibacterial Activity of Roselle (Hibiscus sabdariffa L.) Calyxes. J. Med. Plants Res. 2013, 7,
2319–2322. [CrossRef]

45. Larrauri, A.; Saura-Calixto, F. A Procedure to Measure the Antiradical Efficiency of Polyphenols. J. Sci. Food Agric. 1998, 76,
270–276. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5897/jmpr12.1242
https://doi.org/10.1002/(SICI)1097-0010(199802)76:2&lt;270::AID-JSFA945&gt;3.0.CO;2-9

	Introduction 
	Materials and Methods 
	Chemical and Reagents 
	Plant Materials 
	Ultrasound-Assisted Extraction 
	Analysis of the Phenolic by HPLC-DAD 
	Analysis of the Phenolic Stability by HPLC-DAD 
	Evaluation of the Extraction Process 
	DPPH Assay 
	FRAP Assay 
	ABTS Assay 
	Experimental Design and Data Analysis 

	Results and Discussion 
	HPLC Performance for Analysis of Phenolic Compound 
	Phenolic Profile of Roselle Tisane 
	Optimization of UAE Method 
	Extraction Process Evaluation 
	Roselle Tisane Production 
	Phenolic Stability 
	Antioxidant Activity Characteristic 

	Conclusions 
	References

