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ABSTRACT
Multistage Countercurrent Extraction (MCE) is a new extraction technique used to extract bioactive compounds 
(anthocyanin, quercetin, antioxidants) from purple roselle calyxes (Hibiscus sabdariff a L.). This study of purple roselle 
calyxes extract with three-stage MCE was carried out at a comparison of roselle calyxes and distillation water solvent 
1:10, extraction temperatures of 50°C, 60°C, 70°C and extraction time of 15, 30, 45 minutes. Purple roselle calyxes 
using the MCE method contained the highest anthocyanin content of 2815.43 mg/L, quercetin content 59.25 mg/L, and 
antioxidant capacity 197.6 ppm. The results showed that the content of bioactive compounds increased by increasing 
the extraction temperature and extraction time. MCE is an effi  cient technique for extracting bioactive compounds from 
roselle calyxes. Roselle calyxes that are rich in antioxidants have the potential as a good food colorant and natural 
antioxidants.
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INTRODUCTION

Roselle (Hibiscus sabdariff a L.) is a plant 
from the Malvaceae family that is used as an herbal 
drink, natural coloring in food and beverages. This 
plant has health benefits to prevent and avoid 
diseases of digestive stimulation, infl ammation, 
microbial infection, hypolipidemia, mutagenic and 
carcinogenic eff ects (Da-Costa-Rocha et al., 2014; 
Jabeur et al., 2017). This is due to the activity of 
bioactive compounds, especially fl avonoids and 
anthocyanins, which are obtained in the extract of 
roselle calyxes (Cid-Ortega & Guerrero-Beltrán, 
2015). Bioactive compounds from roselle include 
phenolics, fl avonoids, anthocyanins, antioxidant 
capacity and antibacterial activity (Borrás-Linares 
et al., 2015). Anthocyanin pigments of roselle 
calyxes are 4 types of color namely purple dark red 
roselle, light red roselle, bright red roselle and deep 
red roselle (Obadina & Oyewole, 2007). Roselle 
calyx has a high anthocyanin content 1,5% (dry 
weight) (Tsai et al., 2002). The highest anthocyanin 
content is found in purple roselle so purple roselle 
has the potential as a good source of natural food 
colorant and a source of antioxidants that can free 
radical scavenging (Anel et al., 2016). Anthocyanin 
compounds are very sensitive to heat so that the 
necessary extraction technology appropriate to 

maintain the quality of the anthocyanin compound. 
Extraction process with high temperature resulted 
in brown roselle extract (browning). The main 
problem in the extraction process is the degradation 
of bioactive compounds. Therefore, eff ective and 
efficient extraction technology is needed that 
produces good quality product quality. In addition, 
the need for natural colorant and antioxidant 
products that are benefi t health (Triyastuti et al., 
2017; Djaeni et al., 2015).

Several conventional and unconventional 
extraction techniques have been reported to extract 
bioactive compounds in herbal plants (Azmir et al., 
2013). The right extraction method is an extraction 
method that can extract bioactive compounds, 
be inexpensive and environmentally friendly 
extraction process, and result consistent extraction 
(Sarker & Nahar, 2012). Therefore it needs right 
extraction method to produce optimum extraction 
results of bioactive compounds. The Multistage 
Counter Current Extraction (MCE) method 
produces the highest extract. In addition, MCE has 
considerable time, energy and solvent effi  ciency 
compared to other extraction methods such as 
single pot extraction (SPE), microwave-assisted 
extraction (MAE), ultrasound assisted extraction 
(USE), Soxhlet extraction (SHE) and room 
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temperature extraction (RTE) (Azmir et al., 2013). 
The maceration and soxhlet extraction processes 
are less effi  cient, require a long time and the use 
of high temperatures in the extraction process 
results in degradation in anthocyanins (Jordheim, 
2007). MCE has been used successfully for the 
extraction of several bioactive components from 
plant materials (Cid-Ortega & Guerrero-Beltrán, 
2015). Yu et al. (2012) produce a high content of 
bioactive compounds (fl avonoids, total phenols, 
and antioxidants) from Ginkgo Biloba L. Leaves 
using multistage countercurrent extraction. In 
addition, the MCE method has various advantages 
over heat-refl ux extraction. MCE is a method of 
combining extractions that circulate dynamically 
and extraction technology with continuous currents 
(Wang et al., 2004).

The theoretical basis for the MCE method 
is the exchange of extracts between different 
extraction stages by maintaining a stable 
concentration gradient between solvents and 
herbal ingredients (Zhang et al., 2015). MCE 
technology is the method of choice to increase 
extract concentration and provide reproducible 

analytical results compared to using a single stage 
(Gokmen et al., 2009). The main objective of 
this study was to obtain phytochemicals with 
anthocyanin, quercetin and antioxidant levels 
from purple roselle calyx extract using multistage 
countercurrent extraction method. 

MATERIALS AND METHODS

Multi-stage Countercurrent Extraction (MCE) 

The dried purple roselle was obtained from 
Selopanggung Village, Semen District, Kediri 
Regency, East Java. Reduces dry purple roselle 
measuring 60 mesh. MCE extraction method has 
the advantage of providing eff ective separation 
(Wang et al., 2004). 

High extraction effi  ciency is infl uenced by 
differences in the concentration of bioactive 
compounds between samples and extracts of 
solvents during the MCE process (Gokmen et 
al., 2009). Yu et al. (2012) conducted research on 
extracting Ginkgo Biloba leaves using the Multi-
stage Countercurrent Extraction method to obtain 
antioxidant content. The variables used include 
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Figure 1. Simulation of Countercurrent Extraction of Roselle Calyxes. (A) General Scheme; (B) Flow Diagram of 
Three-stage Countercurrent Extraction Process. (Ro = Roselle calyxes raw material; Eo = fresh solvent; 
R = residue from stage n; E = Extraction from stage n).
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the ratio of ethanol and Ginkgo Biloba leaves of 
8–16 mL/g, extraction time of 30–60 minutes, 
extraction temperature of 60–80°C. Meanwhile, 
in the study of Qiu et al. (2018) it shows that at a 
temperature of 65°C produces high anthocyanin 
content and antioxidant content. In this research, 
three-stage MCE was carried out in a 500 mL glass 
beaker with a comparison of roselle calyxes and 
distillation water solvent 1:10 at a temperature of 
50–60°C and extraction time of 15–45 minutes. 
Countercurrent multistage technique continuously 
using a batch simulation staged three counterfl ow. 
Step operation as shown in the schematic diagram 
of Figure 1. To fulfi ll the mass fl ow in Figure 1A 
the preliminary stage is carried out, then proceed 
to the main stage. The main step in Figure 1B is 
in accordance with Figure 1A. The main stage is 
carried out in 3 stages so that the process takes 
place in a steady state. Separating extracts and 
raffi  nates from each stage using a centrifuge.

Determination of Quercetin

Prepare a standard quercetin curve by 
dissolving 0.1 gram standard quercetin in the 
1000 ml volumetric fl ask using a water distillate 
solvent. Dilute the standard quercetin solution 
at a concentration of 20–80 ppm (Pejic et al., 
2004). This solution was measured using a UV-VIS 
Shimadzu 1800 spectrophotometer at a wavelength 
of 373. Quercetin contents can be calculated using 
the linear regression equation Y=0.0055* x + 
0.1193. 

Determination of Anthocyanin contents

PH diff erence method is used to determine 
the contents of anthocyanin. Making a buffer 
solution at pH 1 using potassium chloride solution 
and water solvent while at pH 4.5 using sodium 
acetate and water solvent by adding HCl. Dilute to 
homogeneous roselle calyx extract with 50 mL pH 
1 buff er and do the same for pH 4.5. Measuring the 
absorbance of Roselle calyx extract solution in pH 
1 buff er and pH 4.5 with a wavelength of 520 nm 
and 700 nm using a UV-Vis spectrophotometer. The 
following equation total contents of anthocyanin 
(Lee et al., 2005):

Total anthocyanin contents(mg/L)

=
A x MW x DF x 103

ε x l  

where:

A=(A520-A700) pH 1.0 - (A520-A700) pH 4.5 

Determination of Antioxidant Capacity

Free radical-scavenging capacity was 
measured using the DPPH test method. A 20 μL 
purple roselle calyx extract was mixed using 1ml 
DPPH 1mM, then added 5 ml of water distillate. 
The samples were incubated in a dark room for 
30 minutes at room temperature and measured the 
absorbance of the sample solution at a wavelength 
of 516 nm using a Shimadzu 1800 UV-VIS 
spectrophotometer. Percent antioxidant capacity 
was calculated using the following equation:

Antioxidant capacity % =
C-S 

C x 100%

Where C is the absorbance of the control 
(methanol) and S is the absorbance of the 
sample. Making a graph of percent inhibition on 
concentration, then the line equation is used to get 
the IC50 value. Lower IC50 values indicate greater 
antioxidants (Einbond et al., 2004).

RESULTS AND DISCUSSION

Eff ect of time and temperature on anthocyanin 
contents

Anthocyanins are phenolic groups which are 
found in a wide variety of fl owers, fruits, and 
vegetables. Anthocyanin colorant application in the 
fi eld of food becomes more popular and growing 
rapidly. The synthetic colorant is not allowed to 
be used in food, so anthocyanin is an important 
ingredient as a source of natural food coloring. 
Anthocyanin have the good color stability to 
produce orange, red, purple and blue pigments. 
Natural color pigments have the potential as 
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a natural colorant source to replace GB violet 
synthetic coloring additives in the food industry 
(Giusti & Wrolstad, 2003; Barhe & Tchouya, 
2016; Horbowicz et al., 2008). The structure of 
anthocyanin is shown in Figure 2 (Jordheim, 
2007).

Roselle calyxes contain 3 types of 
anthocyanins including delphinidin-3- glucoside, 
cyanidin-3-glucoside, delphinidin-3-sambubioside 
dan cyanidin-3-sambubioside. Roselle has 4 
diff erent genotypes including dark purple, pink 
roselle, bright red roselle and deep red roselle 
(Borrás-Linares et al., 2015; Obadina & Oyewole, 
2007). Cyanidin-3-glucoside compounds are purple 
pigments that are dominant in anthocyanin content 
(Hosseinian et al., 2008; Chen et al., 2013). Factors 
that influence differences in composition and 
contents of anthocyanins such as the environment 
(eg quantity of UV-B rays), genetics, plants, and 
extraction/analysis methods (Abdel-Aal & Hucl, 
1999; Bustos et al., 2012; Knievel et al., 2009).

The MCE extraction process is carried out 
using the extraction time at 15, 30, 45 minutes. 
Figure 3A shows that there is an increase in 
anthocyanin contents from 15 to 45 minutes. 
Purple roselle anthocyanin pigments at 45 minutes 
extraction were dark purple in black compared 
to 15 minutes. The more intense the red color, 
the higher the anthocyanin content (Triyastuti et 
al., 2017). According to Mardiah et al. (2015), 
the anthocyanin content of fresh purple rosella 
is higher (487.18 ppm) compared to red roselle 
(255.83 ppm). Extraction time is a factor that 
infl uences the effi  ciency and selectivity of MCE. 
It is in accordance with the research of Zhang et al. 

(2015) that the MCE method has the advantage of 
effi  cient extraction time and energy to produce. 

Extraction temperature parameters for 
anthocyanin contents were carried out at low 
temperatures below 80°C, in fi gure 3B showed 
an increase in anthocyanin contents at 50°C 
(1505.07 mg/L), 60°C (2680.17 mg/L) and 70°C 
(2815.43 mg/L). The highest anthocyanin content 
at 70°C compared to 50°C and 60°C. A study by 
Horbowicz et al. (2008) showed that the stability 
of anthocyanin is infl uenced by pH, temperature, 
light, phenolic content, enzymes, metal ions, 
sugar, ascorbic acid, and oxygen. Temperature is 
an important factor that is exponential to produce 
good color pigments and avoid anthocyanin 
degradation. The use of low temperatures in the 
processing and storage of food can increase the 
stability of anthocyanin (Vargas & Lopez, 2003). 
According to Corrales et al. (2008) that the increase 
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Temperature at Anthocyanin Contents.
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in temperature causes pigment damage to brown 
due to anthocyanin degradation. Anthocyanin 
degradation at heating temperatures of 80°C (Yue 
& Xu, 2008; Qiu et al., 2018).

Eff ect of Time and Temperature on Quercetin 
Contents

Quercet in  (3 ,5 ,7- t r ihydroxy-2-(3 ,4-
dihydroxyphenyl)-4Hchromen-4-one) in fi gure 4, 
quercetin is a group of fl avonoids that are useful 
as a cancer treatment (Bischoff , 2008; Siegel et al., 
2016). Quercetin potential is good for health so it 
is used as a nutraceutical ingredient in the food and 
pharmaceutical industries. Quercetin is a content 
that is sensitive to heat and easily has chemical 
changes during processing and storage.

Figure 5A showed that the content of quercetin 
on the extraction time is 15 minutes (35.46 mg/L), 
30 minutes (41.3 mg/L), 45 minutes (41.89 
mg/L) at a temperature of 50°C. The diff erence 
in extraction time has a signifi cant increase in 
quercetin contents but extending excessive 
extraction time can cause damage to fl avonoid 
glycosides (Calabrò et al., 2004; Liu & Zhu, 
2007). Comparing images 3A and 5A, the levels of 
anthocyanin and quercetin contents are infl uenced 
by the same factors. The results showed that in the 
same extraction conditions it produced the high 
content of anthocyanin and quercetin. 

The stability of quercetin is infl uenced by pH, 
temperature, metal ions, and also other compounds 
such as glutathione (GSH) (Boots et al., 2005; 
Dehghan & Khoshkam, 2012; Moon et al., 2008 
; Price et al., 1997). Figure 5B showed that the 
eff ect of quercetin contents was at a temperature 
difference of 50°C (35.46 mg/L), 60°C (41.75 
mg/L) and 70°C (59.25 mg/L). The temperature at 
70°C has increased compared to 50°C dan 60°C. 

Increasing temperature results in a significant 
increase in quercetin contents. According to 
Liao et al. (2016), the higher the temperature the 
yield decreases, this phenomenon showed that 
the increase in temperature does not give a good 
eff ect for ultrasound-assisted extraction. Therefore, 
extraction temperature is a very sensitive process 
parameter for extracting quercetin.

Eff ect of Time and Temperature on Antioxidant 
Capacity

The antioxidant activity of a plant has two 
important benefi ts. First, antioxidants can prevent 
or delay the oxidation of major biomolecules in 
cells by free radicals scavengers so as to reduce 
the risk of cancer by increasing the activity of 
detoxification enzymes. Second, antioxidants 
are useful in preserving food by preventing food 
from occurring oxidized so that it can increase the 
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shelf life of food (Isik et al., 2015). Antioxidants 
include nutrients such as vitamins C, E, beta-
carotene, and non-nutrients such as phenolic 
compounds (phenolic acids, lignans) (Oztaskin 
et al., 2015; Andlauer & Fürst, 1999). It is known 
that roselle calyxes are very rich in vitamin C, 
anthocyanins, polyphenols, and water-soluble 
antioxidants. Roselle calyxes are a good source 
of natural antioxidants and have high antioxidant 
activity from raspberries and blueberries (Hussein 
et al., 2010; Carvajal-Zarrabal et al., 2005). The 
mechanism of free radical scavengers in antioxidant 
activity includes (i) release of hydrogen atoms 
from hydroxyl groups (fast kinetic from phenolic 
derivatives and certain acidic compounds); (ii) 
release of electrons (slow kinetic from glycolysis 
and anthocyanin derivatives) (Nanjo et al., 1996). 
The main mechanism in phenolic compounds is 
to free radicals scavengers with the capture of H 
atoms in DPPH (1,1-diphenyl-2-picrylhydrazyl) 
to produce a stable DPPHH molecule (Molyneux, 
2004; Sanchez-Moreno et al., 1998). 

Purple roselle, which has already known 
inIn Indonesia, is also known as dark-red roselle 
in Egypt. According to Hussein et al. (2010), 
purple roselle calyxes have the highest water-
soluble antioxidant capacity compared to red and 
green roselle. Figure 6 showed that the effect 
of antioxidant capacity on the extraction time 
difference was 15 minutes (186.97 ppm), 30 

minutes (192.96 ppm), 45 minutes (197.6 ppm) 
with temperature of 50°C. The highest antioxidant 
capacity at 45 minutes compared to 15 and 30 
minutes. These results are consistent with the study 
Yu et al. (2012) investigating antioxidant extraction 
from Ginkgo Biloba L. leaves, which showed that 
antioxidant yields increased with a significant 
increase in extraction time in the range of 15–60 
minutes. Zhang et al. (2015) research showed that 
the use of multistage countercurrent technology is 
an economical and effi  cient technology because 
it saves extraction time, energy and costs for 
producing resveratrol from peanuts. 

The bioactive compounds from the purple 
roselle calyxes in this study include contents of 
anthocyanin, quercetin, and antioxidants, the third 
content of these compounds has a correlation. 
According to Kita et al. (2013), in red potatoes 
and sweet potatoes contain anthocyanins and total 
polyphenols which correlate with antioxidant 
capacity. In addition, according to Conklin. (2009), 
quercetin as an anticancer is basically associated 
with strong antioxidant capacity. Therefore, the 
results reported in accordance with the study of 
Wong et al. (2006), Turkmen et al. (2007), Barhe 
& Tchouya. (2016) and Djeridane et al. (2006) 
that phenol content and antioxidant activity have a 
signifi cant accurate correlation (R2 > 95%).

CONCLUSION

Eff ective and effi  cient extraction techniques 
have a signifi cant infl uence on operating costs 
and quality of product quality. MCE (Multistage 
Countercurrent) is an extraction technique that 
can maintain a stable concentration gradient 
between solvents, fast extraction time, effi  cient 
and eff ective energy consumption. Purple roselle 
calyxes as a functional food ingredient rich in 
anthocyanins, quercetin, and antioxidants. Purple 
roselle calyxes using the MCE method contained 
the highest anthocyanin content of 2815.43 mg/L, 
quercetin content 59.25 mg/L, and antioxidant 
capacity 197.6 ppm. Thus, the extract of purple 
rosella calyxes using the MCE method has high 
anthocyanin, quercetin, and antioxidant content 
which has the potential as a natural colorant and 
antioxidant activities that are benefi cial to health.Figure 6. Eff ect of Extraction Time on Antioxidant 

Capacity
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