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calyces due to its health-promoting effects and attractive 
red color. Roselle calyces contain an appreciable concentra-
tion of bioactive compounds such as phenolic acids, antho-
cyanins, flavonoids, and polysaccharides that are known 
to possess multiple biological activities like antioxidant, 
hypocholesterolemic, antihypertensive, antimicrobial, anti-
inflammatory, antidiabetic, and anticarcinogenic properties 
[2–4]. Among these bioactive compounds with health-pro-
moting effects, anthocyanins are also responsible for the 
characteristic color of roselle calyx [5]. In the food indus-
try, roselle calyx has been used in the production of jams, 
jellies, sauces, wine, fermented drinks, and syrups [2–5], 
among others. Besides, it is commonly consumed in herbal 
infusion form by steeping in cold or hot water due to tradi-
tional knowledge on the health benefits resulting from its 
bioactive compounds [6].

There are several options for consumers to prepare tea 
or herbal infusions such as loose tea, teabag, and instant 
tea. The use of tea bags and instant tea is considered a 
time-saving alternative for the preparation of herbal tea. 
Instant tea has several advantages on teabag beyond being a 

Introduction

Roselle (Hibiscus sabdariffa) is a medicinal plant that 
belongs to the Malvaceae family. The different parts of 
roselle including seeds, leaves, fruits, roots, and calyces are 
used both to prepare foodstuff and for medicinal purposes 
[1]. Although its many parts are rich in valuable nutrients 
and bioactive phytochemicals [2], roselle is famous for its 
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Abstract
This study investigated the optimum extraction conditions of bioactive compounds from roselle (Hibiscus sabdariffa), 
the effect of the air inlet temperatures of spray drying on the final product, and variations in the volatile compounds dur-
ing converting the plant extracts into soluble powder forms. The extraction was conducted at 54°C for 120min to obtain 
extracts with superior total phenolic content (TPC) (2032.71mg GAE/100g), total anthocyanin content (TAC) (995.37mg 
Dp-3-sam/100g), DPPH radical scavenging activity (9.48g sample/g DPPH), and ABTS radical scavenging activity 
(3326.15mg TEAC/100g). The powder forms of the extracts were produced at air inlet temperatures of 165 and 200°C by 
spray drying and the process was confirmed by FTIR spectroscopy. An increment in air inlet temperature improved the 
microencapsulation yield (MY) (76.53% for 165°C and 80.83% for 200°C) but adversely affected the solubility (96.86% 
for 165°C and 90.22% for 200°C). The HPLC results showed that anthocyanins tended to degrade in powders produced 
at higher temperatures. No interaction was detected between process temperatures and antioxidant properties (p > 0.05). 
However, there were remarkable changes in the concentration of volatile compounds during the process.
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time-saving alternative. Instant tea does not require a brew-
ing process and does not generate any waste [7]. Instant tea 
is a relatively new product in the market. It is a powder form 
of soluble solids of respective plant material. The produc-
tion process of instant tea involves brewing, concentration 
(if necessary), and drying steps [8].

All production steps are important to produce instant tea 
powder of the desired quality. Brewing is the first step in the 
instant tea production process and the extraction of bioac-
tive and volatile compounds is performed in this step. The 
presence and concentration of bioactive compounds in the 
herbal infusion can be influenced by the brewing conditions 
of the herbal material. The use of medicinal and aromatic 
plants is limited because of different reasons including not 
knowing the exact steeping time/procedure for the plant of 
interest, and unwillingness to be involved in the preparation 
of the final solution as it might be too cumbersome to trans-
form the plant into the drinkable form [9], and probability 
of microbial contamination to the extracts [10]. There is no 
standard brewing condition for the preparation of infusions 
from herbal materials. Depending on the characteristics of 
the herbal material and targeting bioactive compounds, the 
brewing conditions are specific to the herbal material [7]. 
Recently, the effect of brewing conditions on the total solu-
ble solids, total phenolic content, and antioxidant capacity 
of roselle tea was evaluated by Nguyen and Chuyen [11]. 
However, the effect of brewing conditions on anthocy-
anin content, distinctive compounds in roselle tea, remains 
unknown.

Another step is drying. The conversion of liquid extracts 
into powder form can be accomplished by any drying 
method including spray-, freeze-, and vacuum-drying [8], 
but spray-drying is a more economical and flexible process 
for industrial production. Spray drying of herbal infusion 
can be performed with or without a carrier agent/drying aids 
in instant tea production. The use of carrier agents such as 
proteins and polysaccharides provides a positive effect on 
the physical and reconstitution characteristics of the final 
powder as well as the protection of volatile and non-volatile 
compounds. However, when it comes to instant tea produc-
tion, the solubility of the drying aid to be used is of great 
importance. Therefore, maltodextrin with high solubility 
is frequently preferred as a drying aid in instant tea pow-
der production [12]. Several studies have been conducted 
to produce high-quality powder from roselle extracts and 
infusions using spray drying and different drying aids [13–
17]. However, these studies have commonly focused on the 
phenolic content, anthocyanin content, antioxidant capac-
ity, and color properties of roselle powders. The knowledge 
about the volatile compounds of spray-dried roselle powders 
is still scarce and, to the best of our knowledge, only one 
study has tackled this issue in the literature. In that study, 

the effect of spray drying at different temperatures without 
any coating material of the 30% ethanol extract of fresh 
roselle calyces on the volatile components was investigated 
by Gonzalez-Palomares et al. [18]. The authors reported the 
significant effect of spray drying temperatures on volatile 
compounds.

In the light of the information above mentioned, it is 
clear that more investigation is required related to volatile 
compounds of roselle calyx, roselle extract, and powder to 
have a better understanding of the effect of the production 
process of instant tea powder. In the present study, it was 
aimed (i) to optimize the brewing condition of roselle, (ii) 
to evaluate the effects of different spray drying temperatures 
on physicochemical properties and bioactive compounds of 
roselle powder, and (iii) to determine the effect on volatile 
compounds of these processes.

Materials and methods

Plant material and chemicals

Dried calyces of roselle were obtained from a spice seller 
in the province of Kayseri in Turkey. Approximately 1500g 
plant was grounded into fine particles with a Waring blender 
(Staufen, Germany) and then passed through a 30 mesh 
sieve to obtain uniform particles. The dried and grounded 
roselle was stored at 4°C in a glass bottle avoiding contact 
with any light source until further analyses. All chemicals 
of analytical grade were supplied from Merck (Darmstadt, 
Germany) unless stated otherwise.

Extraction and spray drying process

Experimental design for bioactive compounds 
extraction

The response-surface methodology (RSM) was used for the 
selection of optimum conditions to extract bioactive com-
pounds from roselle. For this, a face-centered central com-
posite design with 2 blocks, 2 factors, and 3 levels, giving a 
total of 14 experimental points was generated using Design 
Expert 7.0 (Stat-Ease Inc., Minneapolis, MN) software 
to investigate the effects of independent variables on the 
selected responses. Extraction temperature (40–100°C) and 
extraction time (5-120min) as independent variables were 
assigned to maximize dependent factors including total 
phenolic content (TPC), total anthocyanin content (TAC), 
DPPH radical scavenging activity, and ABTS radical scav-
enging activity. One hundred mL distilled water was trans-
ferred into a bottle containing 5g roselle and the extraction 
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was conducted in a shaking water bath (Nüve St30, Turkey) 
under the experimental conditions specified in Table1. After 
performing each extraction condition, the slurry was centri-
fuged (Hettich-Centrifuge-Universal, Germany) at 5000rpm 
for 5min, and the roselle extracts were stored at -18°C until 
further analyses and spray drying process.

Instant soluble powder production

The soluble solid contents of the roselle extracts obtained 
under optimum extraction conditions were adjusted to 
5g/100g by adding water. Five g maltodextrin (13–17 dex-
trose equivalents) as wall material was mixed with this 
solution by using a homogenizer (Ultraturrax T18, Staufen, 
Germany) at 10,000rpm for 5min. This mixture was fed into 
a lab-scale spray dryer (Buchi B290, Flawil, Switzerland) 
with an air inlet temperature of 165 and 200°C, aspiration 
rate of 100%, and feeding rate of 30%. The extracts con-
verted to powder form were stored in hermetic plastic con-
tainers without light exposure at 4°C until analyses.

Analyses

Total and surface phenolic content

TPC of samples was determined by a spectrophotomet-
ric method using Folin-Ciocalteu’s phenol reagent [19]. 

Briefly, 0.4 mL diluted extract or diluted powder (microcap-
sules) solution (5% w/v) were added to a tube containing 
0.2 mL Folin-Ciocalteu’s phenol reagent and 1.8 mL dis-
tilled water. After the addition of 1.6 mL sodium carbonate 
solution (7.5%, w/v), this mixture was incubated at room 
temperature in darkness for 60min. The absorbance of the 
final solutions was read at 760nm using a spectrophotome-
ter (UV-1800, Shimadzu, Kyoto, Japan). Results were given 
as mg gallic acid equivalents (GAE) per 100g of sample.

For the determination of surface phenolics, phenolics 
were extracted from microcapsules by using ethanol instead 
of distilled water.

Total monomeric anthocyanin content

TAC of the extracts was determined using the pH differen-
tial method [20] with slight modification. Firstly, 0.025M 
potassium chloride at pH 1 and 0.4M sodium acetate at pH 
4.5 were prepared, and 4.9 mL of these buffer solutions were 
mixed separately with 0.1 mL extract. The absorbance of 
the solutions was measured at 520 and 700nm using a spec-
trophotometer. Results were calculated using the following 
equation Eq.(1) and given as mg Delphinidin 3-Sambubio-
side equivalents per 100g of sample.

	
TAC =

(
A ∗ MW ∗ DF

MA

)
� (1)

Table 1  Experimental design and responses for Hibiscus sabdariffa L. bioactive compounds extraction
Run Independent factors Responses

Tempera-
ture (°C)

Time 
(min)

Total pheno-
lic content1

Total 
anthocyanin 
content2

DPPH radical scav-
enging activity3

ABTS 
radical 
scavenging 
activity4

1 40 5 1173 887 24.26 4207
2 40 120 2256 1190 29.94 5516
3 70 62.5 1635 958 10.12 3191
4 70 62.5 1685 879 10.18 3196
5 100 5 1939 908 11.16 2813
6 70 62.5 1818 972 11.78 3191
7 100 120 2581 470 9.08 3765
8 70 62.5 1663 913 9.84 2947
9 70 62.5 1595 810 10.58 2612
10 70 5 1350 942 9.94 1758
11 100 62.5 2144 690 9.04 2281
12 70 62.5 1725 848 9.33 2812
13 70 120 1871 951 10.49 3549
14 40 62.5 1542 965 21.60 4277
1 The results were given as mg gallic acid equivalents (GAE) per 100g sample
2 The results were given as mg Delphinidin 3-sambubioside equivalents (Dp-3-sam) per 100g sample
3 The results represented the amount of sample required to reduce 50% of the DPPH (g sample/g DPPH)
4 The results were given as mg Trolox equivalent antioxidant capacity (TEAC) per 100g sample
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Where A0 = initial absorbance of the sample, A90 = absor-
bance of the sample after 90min, Ac0 = initial absorbance of 
the control, Ac90 = absorbance of the control after 90min.

FTIR analysis

The samples were placed in the relevant part of an FTIR 
spectrophotometer (Shimadzu Corporation, Japan) for 
determining their specific chemical formations. The spec-
trum scan was conducted with a 1cm− 1 resolution between 
4000 and 400cm− 1 wavelengths at room temperature [25].

Microencapsulation yield and 
microencapsulation efficiency

The microencapsulation yield (MY) and microencapsula-
tion efficiency (MEE) were calculated according to the fol-
lowing equations Eqs.(3, 4) [26].

	 Microencapsulation yield (%) =
final powder mass (g)

the total soluble solid content of feeding solution (g)
x100� (3)

	 Microencapsulation efficiency (%) = (1 − Phenolicsurface

Phenolictotal
)x100� (4)

where Phenolicsurface is the uncoated phenolic content of 
powders and Phenolictotal  is the total phenolic content of 
powders.

Physicochemical analysis

Dry matter content, water activity, solubility, Carr index, 
and color analyses were carried out according to Cam et 
al. [22].

SEM analysis

The powders coated with palladium were placed in the cor-
responding part of the scanning electron microscope (SEM) 
(ZEISS, Germany) and the surface morphology was ana-
lyzed under high vacuum conditions at 30kV with the mag-
nification of x1000 [27].

Anthocyanin analysis by HPLC

The HPLC analysis was adapted from a previous study 
for the quantification of anthocyanins [28]. The samples 
were analyzed for their anthocyanin by using an HPLC 

Where A: absorbance ((A520 – A700) pH1-(A520 – A700) pH4.5), 
MW: molecular weight of Delphinidin 3-Sambubioside 
molecular weight (465.2), DF: dilution factor; MA: molar 
absorptivity of Delphinidin 3-Sambubioside (27,481).

Antioxidant activity

For DPPH radical scavenging activity, 0.1 mL extract or 
powder solution (5% w/v) at different concentrations was 
mixed with 3.9 mL of DPPH (30mg/L). The mixture was 
incubated at room temperature in the dark for 30min. After 
the incubation period, the absorbance of the remaining 
DPPH was measured at λ = 515nm using a spectrophotome-
ter [21]. Results were given as effective concentration (EC50 
value: the amount of sample required to scavenge 50% of 
the DPPH radical) [22].

ABTS radical scavenging activity was determined 
according to the method of Re et al. [23] with some modifi-
cations. Firstly, 0.192g ABTS was mixed with 5 mL 12.25 
mM potassium persulfate in a 25 mL flask, and then distilled 
water was added up to the relevant part of this flask. The 
stock solution was left in the dark for 16h. The absorbance 
of this solution was adjusted to 0.700 ± 0.005 at λ = 734nm 
by using 0.2M sodium phosphate buffer (pH = 7.4). Twenty 
µL diluted extract or diluted powder solution (5% w/v) in 
different concentrations was mixed with 2 mL of ABTS•+ 
solution. After an incubation period of 6min, the absorbance 
was measured at λ = 734nm using a spectrophotometer. The 
results were given as mg Trolox equivalents antioxidant 
capacity (TEAC) per g or 100g of sample.

The antioxidant activity analysis of samples based on the 
β-carotene bleaching test was carried out using the method 
of Singh et al. [24]. For preparing the β-carotene solution, 
the mixture of 20mg linoleic acid, 200mg Tween 40, and 
2mg β-carotene was dissolved in 1 mL chloroform in a 
vial. The vial was exposed to nitrogen gas for evaporation 
of chloroform and then 10 mL distilled water was added 
into this vial. Four mL β-carotene solution was added into 
the test tube containing 0.2 mL extracts or powders solution 
(5% w/v) at different concentrations. Distilled water rather 
than the samples for the preparation of control was used, 
and the blank was prepared without β-carotene. The absor-
bance was measured at λ = 734nm using a spectrophotome-
ter at 0min and after incubation in the water bath at 50°C for 
90min. The antioxidant activity was calculated according to 
the following equation Eq.(2).

	
Antioxidant activity (%) = 100 ∗ [1 − (A0 − A90)

(Ac0 − Ac90)
]� (2)
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compounds was verified with spectral deconvolution by 
using an automated mass spectral deconvolution and identi-
fication system (AMDIS). The quantification step was car-
ried out by using an internal standard (4-nonanol at 9µg/
µL concentration). The injection of a mixture of n-alkanes 
as calibration standards (C8-C40, SupelCo, PA, USA) was 
conducted for the computation of the retention indices [30].

Statistical analysis

The statistical evaluation of the data sets was done by using 
independent two sample t-test or analysis of variance (One-
way ANOVA). SPSS 22 statistical package for Windows 
(SPSS Inc., Chicago, IL, USA) was used in the statistical 
comparisons and p-values less than 0.05 were considered 
as the threshold point. RSM for the optimization was per-
formed using Design expert 7.0 (Stat-Ease Inc., Minneapo-
lis, MN). The data were fitted in multiple linear regressions 
to create a quadratic polynomial model and regression coef-
ficients Eq.(5):

	 Y = β0 +
∑n

i=0
βiXi +

∑n

i=0
βiiX

2
i +

∑n−1

i=1

∑n

j=i+1
βijXiXj � (5)

where Y is predicted responses (TPC, TAC, DPPH radical 
scavenging activity, and ABTS radical scavenging activity), 
β0, βi, βii, and βij are the regression coefficients of inter-
cept, linear, quadratic, and interaction, respectively; XiXj is 
the interplay between the main impacts; n is the variable 
number.

Results and discussion

Optimal extraction conditions

The studies conducted regarding the extraction of bioac-
tive compounds from plant materials showed that the diffu-
sion rates (extraction efficiency) of biological structures are 
affected by different parameters including extraction tem-
perature, extraction time, and the ratio of sample to solvent 
[31, 32]. Therefore, the optimization process was applied to 
determine the superior conditions for the extraction of bio-
active compounds from roselle in the current study. In this 
context, recovery of bioactive constituents from roselle was 
performed at different temperatures (40–100°C) and extrac-
tion times (5-120min). This optimization system focused on 
maximizing TPC, TAC, and antioxidant capacities of the 
extracts as indicators of extraction efficiency. Experimental 
design obtained by using RSM and the levels of selected 
responses namely TPC, TAC, and antioxidant activity 
(DPPH and ABTS) depending on independent factors are 
presented in Table1. The lower and upper levels were 1173 

(Shimadzu, Kyoto, Japan) equipped with 2 LC-20ADXR 
pumps, a SIL-20ACXR auto-sampler, and an SPD-M20A 
photodiode array detector (DAD). Chromatographic sepa-
rations were conducted by using a Brisa LC2 C18 column 
(150mm × 4.6mm, 5μm, Teknokroma, Barcelona, Spain) 
at 45°C using a mixture of acetonitrile-water-formic acid 
(1:9:0.1, v/v) (mobile phase A) and acetonitrile (mobile 
phase B) at the flow rate of 0.5 mL/min. The ratio of mobile 
phase A to mobile phase B in the gradient condition was 
95:5 from 0 to 20min, 80:20 from 20 to 25min, 60:40 from 
25 to 30min, back to the initial conditions from 30 to 35min. 
The injection volume of samples and detection absorbance 
was 5 µL and 520nm, respectively. Quantification was done 
by using mg cyanidin-3-O-glucoside and mg Cyanidin 
3-O-rutinoside standards.

Volatile compounds by GC-MS

The volatile compound analysis was carried out accord-
ing to the method of Salum and Erbay [29] after some 
modifications.

Before GC-MS analysis, 9 mL extract or powder solution 
was added into a 20 mL screw cap equipped with PTFE/sili-
cone septa. On the other hand, roselle without any treatment 
(0.5g) was sliced and mixed with 9 mL deionized water in 
the vials.

Extract and powders were analyzed in terms of volatile 
compounds by using a GC-MS coupled to an automatic 
injection module (7890B, Agilent Tech., Santa Clara, USA; 
5977A MSD, Agilent Tech., Santa Clara, USA; GC Injector 
80, Agilent Tech., Santa Clara, USA). The headspace solid-
phase microextraction (SPME) technique was conducted 
with Divinylbenzene/Carboxen/Polydimethylsiloxane 
(DVB/CAR/PDMS, 50/30 µm, SF 23GA Auto, 57,299-U, 
Sigma) fiber for the isolation of volatile compounds. Chro-
matographic separations were done by a DB-Wax column 
(30m × 250μm × 0.25μm; 122–7032, Agilent Tech., Santa 
Clara, USA) with the following parameters: Pre-incubation 
time/temperature, 10min/60°C; extraction time/tempera-
ture, 25min/60°C; agitation speed, 500rpm; desorption time, 
180s; desorption temperature, 250°C; carrier gas, helium 
(2 mL/min). The splitless mode was used in the analysis. 
The temperature was boosted from 40°C (kept for 2min) 
to 70°C at 5°C/min (kept for 1min) and then elevated to 
240°C at 10°C/min (kept for 4min). The MS was performed 
in the electron impact mode at 70eV ionization energy. The 
mass range was m/z 30–400. Agilent MSD Chemstation 
(ver. F.01.03.2357) and OpenChrom (ver. 1.4.0) programs 
helped to evaluate the data sets. Analytical standards and 
using NIST14 and Wiley7 libraries were used for authenti-
cation of volatile compounds. The authentication of volatile 
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scavenging activity was affected by time. The effects of the 
binary combination of independent variables on DPPH radi-
cal scavenging activity were observed but not time alone. 
This might be due to the reaction mechanisms of the anti-
oxidant methods [22] in which ABTS reacts better with non-
polar antioxidants than DPPH.

After modeling, the optimum extraction conditions were 
determined as: temperature of 54°C and time of 120min. 
The obtained extract displayed TPC of 2032mg GAE/100g, 
TAC of 995.37mg Dp-3-sam/100g, DPPH radical scav-
enging activity of 9.48g sample/g DPPH, and ABTS radi-
cal scavenging activity of 3326mg TEAC/100g at this 
point. Thereafter, the extraction was conducted at the opti-
mum point and the obtained extracts were used for further 
analyses.

FTIR spectrums for authentication of instant 
soluble tea production

FTIR analyses of extract, maltodextrin, and powders were 
conducted to demonstrate a successful microencapsulation 
process by showing specific groups of raw materials (extract 
and maltodextrin) in the spectra of powder products. The 
FTIR spectrums of samples are given in Fig.1. A broad 
stretching band of extract and maltodextrin was observed at 
3300cm− 1 corresponding to the hydroxyl (–OH) groups. A 
similar band for phenolic and maltodextrin was reported in a 
previous study [35]. The bands representing the raw materi-
als in wavenumber of 3300cm− 1 were also detected in pow-
ders spectrums. However, their levels tended to decrease; 
indicating that desired microencapsulation process was 
carried out as these bands were closely associated with the 
evaporation of water molecules in the samples during the 
process. A similar comment was declared for laurel infusion 

and 2581mg GAE/100g for TPC, 470 and 1190mg Dp-
3-sam/100g for TAC, 9.04 and 29.94g sample/g DPPH for 
DPPH radical scavenging activity, and 1718 and 5516mg 
TEAC/100g for ABTS radical scavenging activity.

Model coefficients and ANOVA outputs are presented 
in Table2. The coefficient of determination (R2), adjusted 
coefficient of determination (R2

adj), p-value, and lack of fit 
test were guided in determining plausible models (linear, 
interactive, quadratic, and cubic) with good predictions. 
The best-fitted models for TPC, DPPH, and ABTS were 
quadratic models with R2 and R2

adj values within 0.9227 
and 0.9718, whereas the best-fitted model for TAC was a 
linear model with R2 and R2

adj values of 0.8843 and 0.8457, 
respectively. Moreover, low p-values (< 0.0001–0.0002) 
and non-significant lack of fit values (0.0740–0.2951) for 
each response also supported the suitability of the specified 
models. The temperature had a significant effect (p < 0.001) 
on all the responses, whereas time displayed an insignifi-
cant effect (p > 0.05) for TAC and DPPH but a significant 
effect (p < 0.001) on TPC and ABTS. Also, the interaction 
between temperature and time significantly influenced 
TAC and DPPH. Increasing temperature and time led to the 
increments in TPC. Phenolics display greater solubility as 
the temperature of the aqueous phase increases [33]. These 
phenomena could be associated with changes in the struc-
ture of water as the raise in temperature lowers the polarity 
of water [7]. TAC was influenced by temperature and inter-
action of multiple variables but not time alone. The extracts 
obtained at lower temperatures were richer in anthocyanins; 
indicating that temperature displayed a negative effect on 
these bioactive structures. The scientific literature stated 
that excessive extraction temperature was not an efficient 
way of obtaining anthocyanins due to their low thermal 
stability [34]. The temperature was statistically significant 
for both antioxidant methods. Additionally, ABTS radical 

Coefficient/Value Total phenolic 
content

Total anthocy-
anin content

DPPH radi-
cal scavenging 
activity

ABTS 
radical 
scavenging 
activity

β0 1680.89 884.79 10.48 2982.38
Linear
β1 (Temperature) 282.35*** -162.23*** -7.63*** -856.72***
β2 (Time) 374.42*** -20 0.68 675.18***
Interaction
β12 (Temperature×Time) -110.15 -185.15*** -1.92* -
Second order
β11 (Temperature×Temperature) 241.72** - 6.96*** 728.22***
β22 (Time×Time) - - - -
R2 0.9549 0.8843 0.9718 0.9559
Adjusted R2 0.9227 0.8457 0.9577 0.9412
p-value < 0.0001 0.0002 < 0.0001 < 0.0001
F value 42.26 22.93 68.92 64.99
Lack of fit 0.2951 0.2359 0.0771 0.0740

Table 2  Model coefficients and 
ANOVA outputs

Predicted model equa-
tion: Y (response) = 
β0 + β1(Temperature) + β2(Time) 
+ β12(Temperature×Time) + 
β11(Temperature×Temperature) 
+ β22(Time×Time). *P < 0.05; 
**P < 0.01; ***P < 0.001.
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Physicochemical properties of instant 
soluble tea powders

The relevance of microencapsulation systems is closely 
related to MY and MEE. Therefore, after the encapsula-
tion process was confirmed, the MY and ME values were 
discussed. The results regarding these values are given in 
Table3. The MY was 76.53% when the air inlet tempera-
ture of the dryer was adjusted to 165°C. Increasing the 
microencapsulation temperature had positive effects on MY 
(p < 0.05) that reached to 80.03% at 200°C. Increasing air 
inlet temperature in polyphenol microencapsulation is a 
sensible approach for upgrading MY [26]. The MEE values 
were evaluated depending on surface (uncoated) phenolics. 
The MEE values (98.53–98.78%) indicated that more than 
98% of active components in the powders were entrapped 
into the microcapsules in each drying temperature. Similar 
values and comments were noted for polyphenolic micro-
capsules produced in a previous study [40]. High content of 
dry matter and low water activity values for both powders 
were 2 parameters ensuring the prevention of microbial and 
non-enzymatic reactions. For the solubility value, a signifi-
cant impact of air inlet temperature was found (p < 0.05). 
Changing the air inlet temperature from 165°C (96.86%) to 
200°C (90.22%) led to a lower aqueous solubility (p < 0.05). 
The higher air inlet temperatures draw attention due to 
their adverse influence on the solubility of phenolic micro-
capsules [41]. High Carr index values of both powders 
indicated the necessity for the improvement of flow charac-
teristics. This means that powders with a smooth flow were 
not obtained [22]. The lower b* value in the extract coated 
by maltodextrin at 200°C could be explained by the degra-
dation of anthocyanins at a higher air inlet temperature.

microcapsules obtained by using maltodextrin [36]. The 
molecular finger peaks related to the extracts appeared at 
a wavelength of 1560–1770cm− 1 as no notable formation 
was monitored in the maltodextrin spectrum in this range 
although these bands were observed in powders. These 
peaks are associated with aromatic compounds found in the 
extract [37]. Similar spectrum distributions for anthocyanin-
rich extracts were noted in the literature [38]. Additionally, 
the detected wavelength at around 1000cm− 1 in powders 
represented maltodextrin since no band was observed in 
the extracts in this region. Similar spectra were obtained in 
studies conducted regarding microencapsulation of herbal 
extracts by spray drying [39]. The results obtained from the 
current study showed the loaded extract in the maltodextrin 
matrix. This was evidence of a successful microencapsula-
tion process.

Table 3  Physicochemical behaviors of instant soluble tea powders1

Parameters Powder 
(165°C)

Powder 
(200°C)

Microencapsulation yield (%) 76.53 ± 0.11† 80.03 ± 0.11
Microencapsulation efficiency (%)2 98.78 ± 0.06† 98.53 ± 0.04
Dry matter content (%) 97.51 ± 0.14† 98.51 ± 0.13
Water activity 0.18 ± 0.00 0.19 ± 0.00
Solubility (%) 96.86 ± 1.47† 90.22 ± 0.76
Carr index 33.97 ± 0.91 41.18 ± 4.61
L* 50.26 ± 0.31 49.28 ± 0.75
b* 49.38 ± 0.40† 39.08 ± 1.17
1 Values are mean ± standard deviation of minimum 3 replicates. 
The different ‘†’ mark in the same row indicates statistical difference 
(p < 0.05)
2 The results were calculated according to surface phenolic content

Fig. 1  FTIR spectrums of extract and powders
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cyn-3-O-rut/100g), the powder produced at 200°C (4209mg 
cyn-3-O-glu/100g and 4990mg cyn-3-O-rut/100g), and the 
extract (3913mg cyn-3-O-glu/100g and 4837mg cyn-3-O-
rut/100g). There might be two reasons for the detection of 
more anthocyanins in the plant compared to others. These 
are the used solvent and the applied extraction temperature. 
The use of methanol rather than the aqueous phase as a 
solvent in anthocyanins extraction is preferred in terms of 
extraction efficiency [45]. As such, the first hypothesis was 
supported by literature data. However, it was not correct 
to make the same interpretation for the second hypothesis 
since the extraction temperature (54°C) was lower than the 
degradation temperature (> 70 ℃) stated for anthocyanins 
[46]. Otherwise, temperature appeared a remarkable factor 
affecting anthocyanin degradation during the spray drying 
process. Gradual degradation of anthocyanins occurred 
when the air inlet temperature was shifted to 200°C. Antho-
cyanins are less prone to degradation in processes carried 
out using low temperatures in the spray drying technique 
[47].

Morphology of instant soluble tea powders

The micrographs of the powders were described by scan-
ning electron microscopy (SEM) and the images are given 
in Fig.2. The particles displayed semi-spherical morphology 
and their sizes were heterogeneous. Similar size distribution 
and semi-spherical photographs were reported for microen-
capsulated grape polyphenols [42] and cinnamon infusions 
[35]. Notable differences between the surface structures of 
powders were not observed. Indentations/wrinkles and some 
collapses were detected in the powder structures. These vis-
ible collapses could be associated with the rapid removal 
of water as a requirement of the spray drying system [43]. 
None of the powders contained cracks, holes, and hollow in 
appearance; indicating that the bioactive compounds were 
coated adequately. The absence of these formations pro-
vides stability to the final product since the permeability of 
gases and the release of the bioactive compounds are lim-
ited [27]. Additionally, the presence of cracks and holes in 
microcapsules is a negative indicator of MEE [44]. Based 
on this literature approach, the SEM images were compat-
ible with high MEE values (98.78% for 165°C and 98.53 
for 200°C).

Anthocyanins by HPLC

The focus of this part was to characterize possible changes 
in TAC during the extraction and spray drying process. For 
this, the amount of these bioactive substances in the plant, 
extract, and powders were investigated by the HPLC. The 
results are presented in Table4 and were expressed as mg 
cyn-3-O-glu/100g and mg cyn-3-O-rut/100g. The stabil-
ity of anthocyanins was significantly dependent on the 
both extraction method and the air inlet temperature of 
spray drying (p < 0.05). The maximum anthocyanin con-
tent was found in the plant (4576mg cyn-3-O-glu/100g and 
5414mg cyn-3-O-rut/100g) followed by the powder pro-
duced at 165°C (4346mg cyn-3-O-glu/100g and 5149mg 

Table 4  Total anthocyanin content of samples by HPLC method1

Samples Expressed as 
cyn-3-O-glu 
(mg/100g)

Expressed 
as cyn-
3-O-rut 
(mg/100g)

Plant2 4576 ± 24.6d 5414 ± 28.4d

Extract 3913 ± 131a 4837 ± 151a

Powder (165°C) 4346 ± 16.9c 5149 ± 19.5c

Powder (200°C) 4209 ± 3.67b 4990 ± 4.22b

1 Values are mean ± standard deviation of minimum 3 replicates. 
The same letters in the same column indicate no difference (p > 0.05) 
according to Duncan tests
2 Anthocyanins were extracted from roselle (0.2g) by using 1 mL 
methanol-water (80:20%) as solvent at room temperature

Fig. 2  SEM images of instant 
soluble tea powders produced at 
165°C (A) and 200°C (B)
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The amounts of volatile compounds in the analyzed samples 
differed significantly depending on the extraction and spray 
drying.

Generally, the most abundant volatile compound in the 
samples was furfural, providing a caramel-like aroma. 
Similar results were reported for dried roselle plant [49], 
cold and hot roselle infusions [6], and spray-dried powder 
of roselle extract [18]. Besides, Ramírez-Rodrigues et al. 
[50] reported that furfural was not found in fresh roselle. In 
contrast, Juhari et al. [51] showed the presence of furfural 
in fresh roselle calyx. Also, the authors reported an increase 
in furfural content when the calyces are dried. Furans such 
as furfural and 5-methyl furfural derive from the Maillard 
reaction between the sugars and the amino acids, which 
may be catalyzed by drying at high temperatures [50]. In 
this study, the amount of furfural was significantly reduced 
under optimized extraction conditions depending on the 
bioactive properties of roselle extract. Mixing the extract 
with maltodextrin did not affect the amount of furfural. 
However, a significant loss of furfural was observed with 
the spray drying process. On the other hand, the furfural 
content in powder of 200°C was higher than that in pow-
der of 165°C. A similar finding was reported in the study of 
Gonzalez-Palomares et al. [18] where an ethanolic extract 
of fresh roselle was spray-dried at temperatures ranging 
from 150 to 210°C.

Other dominant compounds were terpenes such as car-
vone and cumin aldehyde in the samples. The concentra-
tion of these components decreased significantly with the 
application of the extraction and spray drying processes. 
However, no significant difference was measured between 
spray drying temperatures. The extract, extract-maltodex-
trin mixture, and spray-dried powders, unlike dried roselle 
plant, did not contain some compounds including 1,4-cin-
eole, limonene, eucalyptol, (E)-2-hexenal, methyl octano-
ate, benzyl acetate, and methyl eugenol. Furthermore, some 
compounds (butanoic acid, dodecanal, methyl dodecanoate, 
(E, E)-2,4-decadienal, heptanoic acid) -not found in the plant 
and the extract- were detected in the extract-maltodextrin 
mixture. After spray drying, the amount of these compounds 
except for dodecanal decreased or was below the detection 
limit. Besides, ethyl decanoate, ethyl dodecanoate, 1-tri-
decanol were only observed in spray-dried powders. These 
results indicated that the loss of volatile compounds was 
inevitable during the production of bioactive compounds-
rich extract and powders. Extraction conditions, drying aid, 
and spray drying temperature were closely related to the 
loss or formation of volatile compounds.

A principal component analysis (PCA) was also per-
formed to better distinguish the samples according to the 
volatile compounds affected by the extraction and spray dry-
ing processes. A total of 48 variables (volatile compounds) 

Antioxidant activity of instant soluble tea 
powders

The antioxidant activity of the powders was measured by 
the primary techniques, namely TPC, β-carotene bleaching 
assay, DPPH radical scavenging activity, and ABTS radical 
scavenging activity and the results are presented in Table5. 
The antioxidant activity of roselle extract powders was 
slightly affected by the air inlet temperature of spray dry-
ing. No remarkable changes were reported with changing 
the air inlet temperature from 130 to 200°C in the biological 
activity including anti-oxidative effects of microcapsules 
containing plant extracts [7]. The antioxidant capacity val-
ues of roselle powder were lower compared to the reported 
values of lemon balm powder [7] and mint powder [22], 
but were higher than ginger extract powder [48]. This result 
might be associated with the concentration and composition 
of antioxidant substances (especially phenolic compounds) 
in the starting materials.

Variations in the volatile compounds during 
the production process

The volatile compounds and their amounts in roselle plant, 
extract, extract-maltodextrin mixture, and spray-dried pow-
ders at 165 and 200°C are presented in Table6. A total of 
40, 33, 35, 20, 22 volatile compounds were identified in 
the roselle plant, extract, extract-maltodextrin mixture, 
powders at 165, and powder at 200°C, respectively. Total 
concentration of volatile compounds was higher in the 
roselle plant (28080.7µg/kg) than extract (19080.9µg/kg), 
extract-maltodextrin mixture (18091.7µg/kg), powder at 
200°C (1773.2µg/kg), and powder 165°C (1443.5µg/kg). 

Table 5  Functional properties of instant soluble tea powders1

Parameters Powder (165°C) Powder 
(200°C)

Total phenolic content2 767.71 ± 18.43† 905.48 ± 21.06
β-carotene bleaching assay3 17.38 ± 2.72 12.87 ± 1.07
DPPH radical scavenging 
activity4

16.16 ± 0.23 16.72 ± 0.36

ABTS radical scavenging activity5 14.34 ± 1.42 17.45 ± 0.89
1 Values are mean ± standard deviation of minimum 3 replicates. The 
different ‘†’ mark in the same row indicates a statistical difference 
(p < 0.05)
2 The results were given as mg gallic acid equivalents (GAE) per 
100g sample
3 The results were given as %
4 The results represented the amount of sample required to reduce 
50% of the DPPH (g sample/g DPPH)
5 The results were given as mg Trolox equivalent antioxidant capacity 
(TEAC) per g sample
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the differences or similarities among the samples. The per-
cent of the cumulative contribution of variance of the first 
two PCs was 89.03%. PC1 and PC2 represented 64.96% and 

was taken into consideration for PCA. Figure3 shows the 
bi-plot (the combination plot of scores and loadings) on the 
two first principal components (PC1 and PC2), representing 

Table 6  Volatile compounds and their amounts (µg kg− 1 plant) in the analyzed samples (means ± SD)
Compound LRI1 Plant Extract Extract + MD Powder 165°C Powder 200°C
Hexanal 1075 301.1 ± 3.2b 436.0 ± 12.1 c 486.2 ± 6.9 d 78.2 ± 2.6 a 74.1 ± 3.3 a

1,4-Cineole 1164 115.3 ± 1.5 N.D. N.D. N.D. N.D.
Limonene 1185 275.3 ± 4.0 N.D. N.D. N.D. N.D.
Eucalyptol 1198 154.9 ± 4.3 N.D. N.D. N.D. N.D.
(E)-2-Hexenal 1211 37.8 ± 2.9 N.D. N.D. N.D. N.D.
p-Cymene 1269 139.1 ± 5.8 c 81.8 ± 2.8 b 64.8 ± 1.3 a 59.0 ± 0.9 a 73.8 ± 3.2 b

Octanal 1282 74.8 ± 3.3 c 122.1 ± 1.9 d 286.7 ± 4.0 e 22.4 ± 1.7 b 13.2 ± 0.6 a

1-Octen-3-one 1294 31.0 ± 0.2 a 52.9 ± 0.6 c 49.4 ± 0.7 b N.D. N.D.
(E)-2-Heptenal 1317 76.9 ± 2.3 a 95.0 ± 3.4 b 92.6 ± 1.6 b N.D. N.D.
6-Methyl-5-hepten-2-one 1333 61.1 ± 1.5 b 43.7 ± 1.1 a 45.6 ± 0.5 a N.D. N.D.
Methyl octanoate 1385 27.9 ± 2.8 N.D. N.D. N.D. N.D.
Nonanal 1391 177.1 ± 4.1 b 258.1 ± 5.7 c 765.8 ± 30.5 d 169.4 ± 1.7 ab 137.5 ± 1.5 a

(E)-2-Octenal 1424 59.9 ± 0.7 a 90.5 ± 8.8 b 96.1 ± 1.5 b N.D. N.D.
Acetic acid 1444 452.0 ± 5.0 c 298.3 ± 8.4 b 304.1 ± 1.8 b 114.9 ± 9.7 a 120.9 ± 0.9 a

1-Octen-3-ol 1450 132.1 ± 6.1 c 90.8 ± 3.6 b 41.7 ± 0.3 a N.D. N.D.
Furfural 1454 14572.0 ± 400.7 c 11011.9 ± 348.2 b 10841.9 ± 651.7 b 214.0 ± 9.7 a 302.8 ± 1.5 b

Decanal 1497 162.3 ± 4.4 d 124.2 ± 0.4 c 305.0 ± 4.2 e 84.4 ± 3.6 a 100.7 ± 2.1 b

Benzaldehyde 1515 337.5 ± 15.3 c 285.7 ± 3.6 b 285.2 ± 7.9 b 85.6 ± 2.6 a 90.9 ± 1.8 a

(E)-2-Nonenal 1534 196.3 ± 4.9 d 140.0 ± 4.7 b 165.7 ± 4.5 c 20.9 ± 1.3 a 20.5 ± 0.3 a

1-Octanol 1557 61.3 ± 0.5 a 68.4 ± 2.5 b 76.9 ± 0.9 c N.D. N.D.
5-Methyl furfural 1567 265.3 ± 2.3 c 207.9 ± 0.9 b 167.8 ± 4.1 a N.D. N.D.
Terpinen-4-ol 1603 25.8 ± 0.1 21.3 ± 0.2 N.D. N.D. N.D.
Butanoic acid 1620 N.D. N.D. 137.0 ± 2.8 b 35.4 ± 0.1 a 39.5 ± 0.7 a

Ethyl decanoate 1634 N.D. N.D. N.D. N.D. 19.2 ± 1.2
Menthol 1639 177.8 ± 9.6 120.5 ± 1.9 N.D. N.D. N.D.
(E)-2-Decenal 1641 417.4 ± 0.2 b 157.8 ± 1.6 a 607.9 ± 26.3 c N.D. N.D.
1-Nonanol 1654 55.5 ± 1.4 a 54.5 ± 0.1 a 53.0 ± 0.3 a N.D. N.D.
Estragole 1661 43.6 ± 0.6 24.2 ± 0.8 N.D. N.D. N.D.
α-Terpineol 1690 44.0 ± 0.9 c 38.3 ± 0.9 b 35.9 ± 0.6 b 18.4 ± 1.1 a N.D.
Dodecanal 1695 N.D. N.D. 41.2 ± 1.0 a 45.5 ± 2.1 a 85.4 ± 4.2 b

Benzyl acetate 1716 20.7 ± 0.3 N.D. N.D. N.D. N.D.
Carvone 1732 7293.9 ± 144.9 d 3738.2 ± 70.7 c 1848.3 ± 2.2 b 89.6 ± 2.9 a 91.5 ± 5.4 a

Cuminaldehyde 1777 1096.8 ± 27.6 d 809.1 ± 20.0 c 453.0 ± 2.7 b 38.7 ± 0.4 a 35.8 ± 0.6 a

Methyl dodecanoate 1793 N.D. N.D. 18.7 ± 0.3 c 10.0 ± 0.4 a 11.8 ± 0.1 b

(E,E)-2,4-Decadienal 1805 N.D. N.D. 25.5 ± 0.3 N.D. N.D.
Anethole 1817 107.2 ± 4.5 c 39.4 ± 0.8 b 22.3 ± 0.2 a N.D. N.D.
Hexanoic acid 1831 181.3 ± 3.5 d 88.1 ± 1.7 b 109.1 ± 0.8 c 25.7 ± 0.2 a 23.0 ± 0.3 a

Ethyl dodecanoate 1833 N.D. N.D. N.D. N.D. 17.6 ± 0.3
Heptanoic acid 1931 N.D. N.D. 42.5 ± 1.5 N.D. N.D.
1-Dodecanol 1946 43.8 ± 0.7 a 43.8 ± 2.7 a 113.4 ± 3.2 b 171.0 ± 5.5 c 295.9 ± 6.2 d

Phenol 1971 166.9 ± 1.6 99.8 ± 0.7 76.0 ± 1.1 39.3 ± 2.0 53.4 ± 1.8
Methyl eugenol 1981 8.5 ± 0.2 N.D. N.D. N.D. N.D.
Octanoic acid 2034 83.2 ± 0.4 c 45.9 ± 0.8 a 50.8 ± 0.1 b N.D. N.D.
1-Tridecanol 2049 N.D. N.D. N.D. 52.2 ± 4.2 63.8 ± 1.2
Nonanoic acid 2156 89.9 ± 6.4 b 76.0 ± 4.1 b 41.6 ± 0.4 a N.D. N.D.
Carvacrol 2197 246.5 ± 4.4 d 190.9 ± 3.4 c 130.3 ± 3.8 b N.D. 14.3 ± 0.1 a

Methyl hexadecanoate 2212 208.4 ± 14.6 d 94.1 ± 2.2 b 128.9 ± 4.9 c 69.0 ± 2.5 a 87.5 ± 8.1 ab

Decanoic acid 2263 58.1 ± 5.5 b 31.7 ± 1.4 a 80.7 ± 0.3 c N.D. N.D.
Total 28080.7 19080.9 18091.7 1443.5 1773.2
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Conclusion

With the modern lifestyle, remarkable changes have 
occurred in the consumption habits and the demands for 
instant (ready-to-use) products have increased in recent 
years. Therefore, many studies on these product groups 
have been conducted in order to respond to these demands 
in the food industry and scientific literature. In the previ-
ous studies, the focus was on minimizing possible prob-
lems that may negatively affect the bioactive substances in 
the natural structure of the product and on obtaining final 
products (ready-to-use) with high nutritional value. In the 
current study, a similar approach was followed and the 
effects of process parameters on the physicochemical and 
functionality of the final product were investigated during 
the production (from extraction to obtaining powder form) 
of the powder form of roselle extract. It was emphasized 
in the obtained results that higher air inlet temperature was 

24.07% of the total variation, respectively. The frequency of 
conglomeration of volatile compounds was low on the 3rd 
and 4th quadrants (upper and lower left parts). Regardless 
of the temperature applied, powders were clearly separated 
from the other samples. The powders were well character-
ized by their close proximity to the variables including ethyl 
decanoate, ethyl dodecanoate, 1-tridecanol, and 1-dodeca-
nol. High abundances of these components in the pow-
ders resulted from the conditions of spray drying as these 
components were absent when the extract was mixed with 
maltodextrin but not spray dried. Plant and extract were 
similarly correlated with the same variables but plant had 
higher correlations with variables than the extract, indicat-
ing the richness of the plant in terms of volatiles compared 
to the extract. PCA results helped to interpret the changes in 
volatile compounds for each step from extraction to powder 
production.

Fig. 3  Biplot diagram for the samples and volatile compounds
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reasonable if a high yield was desired in the powder pro-
duction by spray drying but lower temperatures for high 
solubility were plausible. In addition, the loss amounts for 
each step from extraction to powder production in terms 
of anthocyanins and volatile compounds were revealed. 
The degree of anthocyanin loss compared to volatiles was 
insignificant. The current study might be a guide for fur-
ther studies regarding the conversion of herbal extracts rich 
in anthocyanins and aroma substances into powder form. 
In order to increase the marketing and consumption of the 
instant soluble roselle powders, these powders can be evalu-
ated as an ingredient in different product groups or ready-to-
use tea in future studies.
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