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Abstract

Anthocyanin is widely used in the food industry as a substitute of red synthetic food colouring. 
Anthocyanins and their derivatives have been listed in the Codex Alimentarius Commission 
in the European Union as a natural colouring agent with the code E163. Roselle (Hibiscus 
sabdariffa L.) is considered as a readily available natural source for anthocyanin since it is 
ubiquitous in Indonesia. Various extraction methods such as maceration, ultrasonic-assisted 
extraction and microwave-assisted extraction have been applied to extract anthocyanin. In the 
present work, both maceration (ME) and ultrasound-assisted (UAE) techniques were compared 
in assessing the extraction performance of two varieties of roselle (red and purple). The effect 
of solvent types and solute to solvent ratios were also evaluated. The liquid extract was further 
encapsulated and characterised. The present work demonstrated that UAE was better when 
compared to ME. Moreover, the purple roselle calyces produced more anthocyanin content 
than the red calyces. In addition, it was found that water was a better choice of solvent as 
compared to ethanol. Anthocyanin powder from roselle calyces has average particle size of 
4.241 µm and 3.942 µm. The characterisation of anthocyanin powder resulted in the moisture 
content of 10.29% and 9.67% and solubility of 96.92% and 97.44% for red and purple roselle, 
respectively. The colour intensity based on chromameter confirmed that the anthocyanin powder 
having L*, a* and b* values around 42.61-43.91, 24.40-24.79 and 5.56 -7.35, respectively.

Introduction

Roselle (Hibiscus sabdariffa L.) is a perennial 
plant in Indonesia, and its calyces are widely used 
in health-promoting drink due to its high antioxidant 
content. Roselle contains 1.5 g total anthocyanin 
per 100 g dry weight of flower calyces (Duangmal 
et al., 2008). Anthocyanin is commonly utilised 
in the food industry to replace synthetic red food 
colorants. Anthocyanin and its derivatives have 
been listed in the Codex Alimentarius Commission 
in the European Union as a natural colouring agent 
with the code of E163. Anthocyanin from roselle 
has been previously extracted using various solvents 
such as water (Mohd-Esa et al., 2010; Cissé et al., 
2011; Cissé et al., 2012; Aishah et al., 2013; Serrano-
Cruz et al. 2013; and Zaidel et al., 2014), methanol 
(Mohd-Esa et al., 2010), ethanol acidified by HCl 
(Duangmal et al., 2008) ethanol acidified by mixture 
of HCl and citric acid (Selim et al., 2008) and also 

in the combination of instant pressure drop system 
solvent (Amor and Allaf, 2009). Maximum yield 
of anthocyanin extraction from roselle calyces by 
maceration extraction (ME) was found to be 88% 
(Cissé et al., 2012). However, ME is time-consuming. 
Hence, a more efficient method such as ultrasonic-
assisted extraction (UAE) for anthocyanin extraction 
is an advantage. UAE requires low energy and 
less time (Chemat et al., 2011), and has been used 
for the extraction of anthocyanin from sugar beet 
molasses (Chen et al., 2015), Aronia melanocarpa 
(D’Alessandro et al., 2014) and Delonix regia (Adjé 
et al., 2010).

Anthocyanin extracts from roselle are usually 
obtained in the liquid form which has low colour 
stability, is degradable and has shorter shelf life (Tiwari 
et al., 2008; Korca and Ustun 2009; Cissé et al., 2011; 
Zaidel et al., 2014). Solid product of anthocyanin 
extracts is expected to be more stable and have longer 
shelf life. Therefore the present work was aimed to 
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produce anthocyanin powder as a food colorant in a 
more stable form (powdered microcapsules with the 
matrix-microcapsule system) using UAE followed 
by freeze drying. In Indonesia, the dominant varieties 
are the red- and purple-coloured roselle. Since there 
is no information available yet on the investigation 
of the effect of different extraction techniques on 
the anthocyanin composition in the red and purple 
roselle as well as the comparison of ME and UAE, 
the present work was focused on the investigation of 
UAE and ME performance in anthocyanin extraction 
from the red and purple roselle. Furthermore, the 
anthocyanin-based food colorant powdered form 
was then characterised and compared to commercial 
synthetic red food colorant.

Materials and methods

Anthocyanin extraction
Red and purple roselle were purchased from 

Roselle Garden in Blitar, East Java, Indonesia. 
The specimen is deposited in Kebun Raya Bogor 
Herbarium. The roselle calyces were tray-dried at 
50°C for 36 h. Distilled water (aquadest) and technical 
grade ethanol (Multi Kimia Raya, Semarang) were 
used as the extraction solvents. Two methods of 
extraction comprising of UAE (Melecchi et al., 2006) 
and ME were applied to extract the anthocyanin 
from the roselle calyces. The ratios of material to 
solvent were 1:10 and 1:15 (w/v). UAE and ME were 
carried out at room temperature (± 25°C). UAE was 
conducted at a frequency of 40 kHz for 30 min, while 
ME was carried out by soaking the roselle calyces 
in the solvent at room temperature (± 25°C) for 24 
h. The liquid extracts obtained from both UAE and 
ME were then filtered. Anthocyanin content in the 
extracts was analysed based on total anthocyanin 
content. The total anthocyanin content was defined 
as mg of cyanidin-3-glucoside. The determination of 
total anthocyanin content was performed at pH 1.0 
and 4.5 using UV-Vis spectrophotometer (UV Mini 
1240 Shimadzu) at wavelengths of 515 and 700 nm. 
The total anthocyanin content was determined based 
on the following equation (Giusti and Wrostald, 
2001):

Total Anthocyanin (mg/L) =  
 [(A515 − A700)pH1,0 − (A515 − A700)pH4,5 ].M.W. 1,000 
                 Ԑ.l

where A = absorbance, MW = molecular weight 
of cyanidin-3-glucoside (449.2 g/mole), Ɛ = the 
molar extinction coefficient for cyanidin-3-glucoside 
(26.900 L/mole/cm) and l = path-length (cm) 

Microencapsulation of anthocyanin
The liquid extracts from UAE and ME were 

centrifuged and evaporated (Rotary Vacuum 
Evaporator IKA RV 10). Maltodextrin was added 
as a stabiliser (10% v/v) to prevent anthocyanin 
degradation. The mixture was then homogenised 
using IKA homogeniser (T-10 Basic Ultra Turrax) at 
11,000 rpm for 1 min. Next, the mixture was frozen 
overnight and subjected to freeze drying (Heto 
Powerdry LL 1500) at -100°C for approximately 24 
h (Pérez-Gregorio et al., 2011). 

Characterisation of anthocyanin powder
The obtained freeze dried product (anthocyanin 

powder) was ground into fine powder and refrigerated 
at 4°C in an air-tight container prior to further analysis. 
The powder was characterised based on its size and 
size distribution of powder, and were also analysed 
for anthocyanin content, moisture content, solubility 
and colour value. The powder size was evaluated 
by using images obtained from Scanning Electron 
Microscope (FEI Type Inspect-S50). The powder 
size was then measured based on the microscopic 
images using an ImageJ software (National Institutes 
of Health, USA). Manual measurements were 
required in order to provide a precise powder size. 
The analysis of moisture content was determined by 
AOAC method (oven-drying method). The solubility 
of powders was evaluated based on the method 
developed by Daramola and Osanyinlusi (2006). 
The moisture content and solubility evaluation of 
commercial synthetic red food colorant (Ponceau 4R 
Cl 16255) were also conducted. The colour value of 
powder was calculated using the following equation:

E = 10. A.F   
    W

where E = colour value, F = dilution factor to 
adjust absorbance (in the range of 0.3 to 0.7) and w = 
weight of powder sample (g). To evaluate the colour 
stability, the powder was put in closed container, kept 
in the dark, and the colour values were determined 
for 4 days.

In addition, the colour intensity was also 
evaluated by a chromameter (Colour Reader CR-
400/410) based on Hunter’s Lab Colorimetric 
System. Hunter notation system is characterised by 
L* (lightness), a* (redness), and b* (yellowness). 
The lightness characteristics are white = 100, black 
= 0. The value of a* (+a* = red, -a* = green). The 
value of b* (+b* = yellow, -b*= blue). C = ((a*)2 + 
(b*)2)1/2 and ho =(tan-1(b*/a*). The chromameter was 
calibrated by white calibration plate. Twenty-five 
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grams sample powder was placed into a transparent 
container prior to analysis. The L*, a* and b* values 
were read in triplicate for each sample (Caliskan and 
Dirim, 2016).

Statistical analysis
All experiments were carried out in triplicate, 

and the results were represented by means ± standard 
deviations (SD). The statistical analysis was conducted 
by one-way analysis of variance (ANOVA) using 
MSExcel Office 2013. The statistical significance was 
determined using the Least Significant Difference 
(LSD) t-test, with acceptable statistical significance 
at p < 0.05.

Results and discussion

The anthocyanin contents obtained through 
different extraction methods at various solute to 
solvent ratios is shown in Figure 1. It is apparent that 
UAE yielded significantly (p < 0.05) higher results as 
compared to ME. Similar trend was also found in the 
anthocyanin extraction from grape and strawberry 
(Chen et al., 2007; Vilkhu et al., 2008). UAE is a 
modern extraction method which provides higher 
efficiency in shorter time. This method requires 
fewer solvents (only 1/6 of the organic solvent 
compared to conventional extraction methods) 
without the possibility of solvent loss. UAE has 
also been reported to be a reliable process owing 
to its capability to preserve the chemical structure, 
particles and compound materials used (Alupului 
et al., 2009). The ultrasonic method at a frequency 
of 42 kHz can break up live cells, accelerating the 
mass transfer of bioactive compounds from the cells 
into the solvent (Chemat et al., 2011). The study also 
showed that ultrasound cavitation generated fracture 

and mechanically break the cell wall to increase the 
material transfer (Liu et al., 2010). 

Extraction by ultrasound waves also offers several 
advantages (Alupului et al., 2009). The ultrasound 
waves assist extraction by generating micro-
cavitation in the liquid surrounding the plant material 
and heating it, thereby releasing the extract. An 
increase in the extract diffusion occurs by desolating 
the cell wall, thereby releasing the compounds in it. 
Based on Figure 1, it was found that purple roselle 
produced more anthocyanin content than red roselle. 
Properties and colour of anthocyanin in the plant 
tissue are affected by several factors such as the 
amount of pigment, location, the number of hydroxyl 
and methoxyl groups, as well as co-pigmentation 
(Markakis, 1982). Anthocyanin pigments from plant 
tissues can be classified into pelargonidin, cyanidin, 
delphinidin, peonidin, petunidin and malvidin 
(Stintzing and Carle, 2004). Roselle anthocyanin 
usually comes in the forms of delphinidin-3-
sambubiocide, cyanidin-3-sambubiocyde, cyanidin-
3-glucocyde and delphinidin-3-glucocyde (Amor 
and Allaf, 2009). Anthocyanin obtained from purple 
roselle calyces (blue-purple colour) was predicted 
to have more stable structure than the red calyces. 
The blue-purple colour is more stable due to 
intermolecular co-pigmentation with the presence 
of colourless matrix component called flavones. 
Flavones may assist in retaining the anthocyanin 
colour by stabilising the quinoidal base (Stintzing 
dan Carle, 2004). The co-pigment protectas flavylium 
ions in the purple anthocyanin structure (Castañeda-
Ovando et al., 2009) resulting in a more anthocyanin 
content from purple roselle.

Figure 1 also confirms that the use of water 
resulted in higher content of anthocyanin in liquid 
extract as compared to ethanol (p < 0.05). This might 

 

Figure 1. Total anthocyanin content (mg/L) of roselle by UAE and ME at solute to solvent ratio of 1:15 with different 
solvents and types of roselle: (a) red roselle (b) purple roselle

(a) (b)
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be due to the characteristic of non-polar solvents 
which have low dielectric constant. In contrast, polar 
solvents have high dielectric constant. High polarity 
solvents have better performance in extracting polar 
chemical compounds than low polarity solvents 
(Falleh et al., 2012). Water is a polar solvent having 
polarity number (dielectric constant) of 80.370, while 
ethanol is a semi-polar solvent with the polarity 
number of 24.30 (Weast and Astle, 1982). This 
could be the reason why water is better to extract 
anthocyanin than ethanol. Water is generally used for 
the extraction of high polarity components, such as 
carbohydrates, glycosides and amino acids (Shirsath 
et al., 2012). Anthocyanin has a glycoside structure, 
hence more suitable to be extracted using water as 
the solvent. Moreover, in UAE, the cavitation will 
increase for solvents that have low vapour pressure, 
high viscosity and high surface tension (Vardanega 
et al., 2014). Data showed that the vapour pressure 
and surface tension of water are higher than that of 
ethanol.

Figure 2 shows the anthocyanin contents at solute 
to solvent ratio of 1:10. The Figure confirms that 
higher solute to solvent ratio significantly (p < 0.05) 
yielded higher anthocyanin content from the roselle 
extract. This is a general behaviour during extraction. 
By increasing the volume of solvent, the dissolved 
extracted materials would be higher thus resulting in 
higher extraction yield. In addition, the mass transfer 
parameter is also affected by the volume of solvent. 
The higher the solvent volume results in larger mass 
transfer and more accelerated diffusion into the 
medium (solvent) (Xu et al., 2016). Similar results 
were also found in extraction of anthocyanin by UAE 
from mulberry (Zou et al., 2011), antioxidant from 

Jatropha integerrima (spicy jatropha) flowers (Xu et 
al., 2016), phenolics from wine lees (Tao et al., 2014) 
and ursolic acid from Ocimum sanctum (holy basil) 
leaves (Vetal et al., 2012).

Characterisation of anthocyanin colorant powder 
from roselle

In the present work, it was found that the 
shape and size of the anthocyanin powder were 
not uniform, and anthocyanin was distributed as 
matrix microcapsules. The powder obtained from 
freeze-drying exhibited porous and hygroscopic 
characteristics. On the contrary, encapsulation by 
spray-drying was spherical due to nozzle spray (Ersus 
and Yurdagel, 2007). The anthocyanin powder had 
average particle size of 4.24 µm and 3.94 µm from 
red and purple roselle, respectively. The powder size 
would affect the physical properties of the product, 
such as solubility, moisture content and colour profile. 

The moisture content and solubility of the 
anthocyanin powder are displayed in Table 1. It is 
apparent that the moisture content of the anthocyanin 
powder was higher than the commercial synthetic 
red colorant. In general, freeze-drying generates a 
product with higher moisture content than spray-
dried products (Fang and Bhandari, 2012). Solubility 
is another important parameter to determine the 
quality of food colorant powder. The high solubility 
of powder colorant has a correlation with good 
colouring ability. The solubility of the anthocyanin 
powder of roselle in the present work was found to be 
close to the solubility of the synthetic food colorant 
powder. The addition of maltodextrin improved the 
water solubility of the product. The maltodextrin 
facilitates the increase of water content in the 

 

Figure 2. Total anthocyanin content (mg/L) of roselle by UAE and ME at solute to solvent ratio of 1:10 with different 
solvents and types of roselle: (a) red roselle (b) purple roselle

(a) (b)
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monolayer which has an effect on the improvement 
of their solubility (Canuto et al., 2014). However, 
adding maltodextrin decreased the hygroscopicity of 
the solid product thereby producing more stable and 
dry product (Mosquera et al., 2010).

Table 1. Moisture content and solubility of anthocyanin 
food colorant powder from roselle and commercial 

synthetic food colorant

Colorant Moisture content 
(%) Solubility (%)

Red roselle 10.29 96.92
Purple roselle 9.67 97.44
Synthetic food colorant 7.33 97.00

The colour intensity of anthocyanin from 
roselle calyces as well as commercial synthetic red 
food colorant is displayed in Table 2. Based on the 
Table, anthocyanins from roselle significantly (p < 
0.05) yielded higher L* values as compared to the 
commercial synthetic red food colorant. On the other 
hand, the a* and b* values of the anthocyanin powder 
were significantly (p < 0.05) lower as compared to 
the commercial synthetic food colorant.

Table 2. Colour Intensity of anthocyanin food colorant 
powder from roselle and commercial synthetic food 

colorant

Colorant
Colour Intensity

*L *a *b
Red roselle 42.61 ± 1.8 24.79 ± 0.8 7.35 ± 0.3
Purple roselle 43.91 ± 0.25 24.40 ± 0.41 5.56 ± 0.36
Synthetic 
food colorant 36.87 ± 1.01 27.49 ± 0.47 9.27 ± 0.58

The colour stability of the anthocyanin powder 
is displayed in Table 3 which reveals that the colour 
value of the anthocyanin powder decreased day by 
day. Comparing to the commercial synthetic red 
food colorant, the natural anthocyanin colour had 
less performance in the term of colour stability. The 
commercial synthetic red food colorant showed a 
stable value for five days with a colour value around 
7102.8. Based on Table 3, it is predicted that the 
colour value would start to diminish after five and 
six days for the anthocyanin product from red and 

purple roselle, respectively. With the reduction of 
colour value, the antioxidant activity also decreases. 
The stability of anthocyanin colour is influenced 
by enzymatic and non-enzymatic aspects. The non-
enzymatic aspect includes pH, light, oxygen, sugar 
and temperature (Jackman and Smith, 1996), while 
enzymatic decolourisation has attributed to the 
release of anthocyanidins from their sugar moieties to 
glycosidases and destabilise the alglycon degradation 
into a colourless product. Peroxidase-catalysed and 
phenolates (phenoloxidases, polyphenol oxidases) 
are also involved in anthocyanin degradation. In 
general, the phenolases enzyme indirectly degrades 
anthocyanin and oxidises phenolase compounds into 
o-benzoquinone which then oxidises anthocyanin 
into a colourless product (Markakis, 1982).

Light is another primary factor having an 
important role in anthocyanin degradation. Light 
has certain energy to stimulate the occurrence of 
photochemical reaction in anthocyanin (Jackman 
and Smith, 1996). The second carbon ring will open 
due to photochemical reactions of anthocyanin 
molecule. Finally, these reactions would form 
colourless compounds indicating the complete 
degradation of anthocyanin (Markakis, 1982). In 
addition, oxygen can also stimulate anthocyanin 
degradation, either directly or indirectly. Directly, 
oxygen triggers anthocyanin oxidation and generates 
a colourless compound which degrades the stability 
of anthocyanin (Gradinaru et al., 2003).

Conclusion

Anthocyanin extraction using UAE was 
confirmed to be of superior performance than ME. 
The purple roselle yielded higher anthocyanin 
content as compared to the red roselle. In addition, 
it was also demonstrated that the use of water 
as solvent improved the extraction ability. The 
evaluation of colour verified that the colour intensity 
of anthocyanin food colorant powder diminished day 
by day. Anthocyanin powder from red and purple 
roselle calyces with natural food colorant properties 
was successfully produced. However, further 
research should be carried out in order to evaluate the 
performance of anthocyanin powder in food product 
application.

Table 3. Colour values of anthocyanin food colorant powder from roselle and commercial synthetic food colorant

Colorant
Colour Value

Day 0 Day 1 Day 2 Day 3 Day 4
Red roselle 83.53 46.85 33.90 33.05 29.41
Purple roselle 195.39 107.75 91.57 70.79 57.30
Synthetic food colorant 7,102.76 7,102.76 7,102.76 7,100.55 7,098.34



534 Aryanti, N., Nafiunisa, A. and Wardhani, D. H./IFRJ 26(2) : 529-535

Acknowledgement

The authors would like to express their gratitude 
to the Directorate of Research and Community 
Services, Ministry of Research, Technology and 
Higher Education, the Republic of Indonesia for 
the research funding through Higher Education 
Excellence Research Grant (176-31/UN7.5.1/
PG/2016). They also would like to thank Mr. Upaya 
and Mrs. Dhuha for their excellent work in preparing 
the roselle extracts.

References

Adjé, F., Lozano, Y. F., Lozano P., Adima, A., Chemat, F. 
and Gaydou E. M. 2010. Optimization of anthocyanin, 
flavonol and phenolic acid extractions from Delonix 
regia tree flowers using ultrasound-assisted water 
extraction. Industrial Crops and Products 32: 439–444.

Aishah, B., Nursabrina, M., Noriham, A., Norizzah, A. R. 
and Mohamad S. H. 2013. Anthocyanins from Hibiscus 
sabdariffa, Melastoma malabathricum and Ipomoea 
batatas and its colour properties. International Food 
Research Journal 20(2): 827–834.

Alupului, A., Calinescu, I. and Lavric, V. 2009. Ultrasonic 
vs. microwave extraction intensification of active 
principles from medicinal plants. AIDIC Conference 
Series 9: 1–8.

Amor, B. B. and Allaf, K. 2009. Impact of texturing 
using instant pressure drop treatment prior to solvent 
extraction of anthocyanins from Malaysian Roselle 
(Hibiscus sabdariffa). Food Chemistry 115: 820–825. 

Caliskan, G. and Dirim, S. N.  2016. The effect of different 
drying processes and the amounts of maltodextrin 
addition on the powder properties of sumac extract 
powders. Journal of Powder Technology 287: 308–
314.

Canuto, H. M. P., Afonso, M. R. A. and da Costa, J. M. C. 
2014. Hygroscopic behaviour of freeze-dried papaya 
pulp powder with maltodextrin. Acta Scientiarum 
Technology 36(1): 179–185.

Castañeda-Ovando, A., Pacheco-Hernández, M. L., Páez-
Hernández, M. E., Rodríguez, J. A. and Galán-Vidal, 
C. A. 2009. Chemical studies of anthocyanins: A 
review. Food Chemistry 113: 859–871. 

Chemat, F., Zill-e-Huma and Khan, M. K. 2011. 
Applications of ultrasound in food technology: 
Processing, preservation, and extraction. Ultrasonic 
Sonochemistry 18: 813–835.

Chen, F., Sun, Y., Zhao, G., Liao, X., Hu, X., Wu, J. 
and Wang, Z. 2007. Optimization of ultrasound-
assisted extraction of anthocyanins in red raspberries 
and identification of anthocyanins in extract using 
high-performance liquid chromatography–mass 
spectrometry. Ultrasonic Sonochemistry 14: 767–778. 

Chen, M., Zhao, Y. and Yu, S. 2015. Optimization of 
ultrasonic-assisted extraction of phenolic compounds, 
antioxidants, and anthocyanins from sugar beet 
molasses. Food Chemistry 172: 543–550.

Cissé, M., Bohuon, P., Sambe, F., Kane, C., Sakho, M. and 
Dornier, M. 2012. Aqueous extraction of anthocyanins 
from Hibiscus sabdariffa: Experimental kinetics and 
modeling. Journal of Food Engineering 109(1): 16–21.

Cissé, M., Vaillant, F., Pallet, D. and Dornier, M. 2011. 
Selecting ultrafiltration and nanofiltration membranes 
to concentrate anthocyanins from Roselle extract 
(Hibiscus sabdariffa L.). Food Research International 
44: 2607–2614.

D’Alessandro, L. G, Dimitrov, K., Vauchel, P. and Nikov, 
I. 2014. Kinetics of ultrasound-assisted extraction 
of anthocyanins from Aronia melanocarpa (black 
chokeberry) wastes. Chemical Engineering Research 
and Design 92(10): 1818–1826.

Daramola, B. and Osanyinlusi, S. A. 2006. Investigation 
on modification of cassava starch using active 
components of ginger roots (Zingiber officinale 
Roscoe). African Journal of Biotechnology 5(10): 
917–920.

Duangmal, K., Saicheua, B. and Sueeprasan, S. 2008. 
Colour evaluation of freeze-dried roselle extracts as 
a natural food colorant in a model system of a drink. 
LWT-Food Science and Technology 41: 1437–1445.

Ersus, S., and Yurdagel, U. 2007. Microencapsulation of 
anthocyanin pigments of black carrot (Daucus carota 
L.) by spray dryer. Journal of Food Engineering 80: 
805–812.

Falleh, H., Ksouri, R., Lucchessi, M. E., Abdelly, C. and 
Magné, C. 2012. Ultrasound-assisted extraction: 
effect of extraction time and solvent power on the 
levels of polyphenols and antioxidant activity of 
Mesembryanthemum edule L. Aizoaceae shoots. 
Tropical Journal of Pharmaceutical Research 11(2): 
243–249.

Fang, Z. and Bhandari, B. 2012. Spray drying, freeze 
drying and related processes for food ingredient and 
nutraceutical encapsulation. In: Garti, N. and Mc. 
Clements, D. J. (eds.). Encapsulation Technologies 
and Delivery Systems for Food Ingredients and 
Nutraceuticals, p. 73–109. Oxford: Woodhead 
Publishing.

Giusti, M. and Wrolstad, R. E. 2001. Characterization 
and measurement of anthocyanins by UV-Visible 
spectroscopy. In: Wrolstad, R. E. (ed.). Current 
Protocols in Food Analytical Chemistry, p. F1.2.1–
F1.2.13. New York: John Wiley and Sons.

Gradinaru, G., Biliaderis, C. G., Kallithraka, S., Kefalas, 
P. and Garcia-Viguera, C. 2003. Thermal stability of 
Hibiscus sabdariffa L. anthocyanins in solution and 
in solid state: effects of copigmentation and glass 
transition. Food Chemistry 83: 423–436.

Jackman. R. L. and Smith, J. L. 1996. Anthocyanins and 
betalains. In: Hendry, G. A. F. and Hougton J. D. 
(eds.) Natural Food Colorants, p. 243–280. London: 
Chapman and Hall.

Koca, I. and Ustun, N. S. 2009. Colour stability in sour 
cherry jam during storage. Asian Journal Chemistry 
21(2): 1011–1016.

Liu, Q. M., Yang, X. M., Zhang, L. and Majetich, G. 
2010. Optimization of ultrasonic-assisted extraction 



Aryanti, N., Nafiunisa, A. and Wardhani, D. H./IFRJ 26(2) : 529-535 535

of chlorogenic acid from Folium eucommiae and 
evaluation of its antioxidant activity. Journal of 
Medicinal Plants Research 4(23): 2503–2511.

Markakis, P. 1982. Stability of anthocyanins in foods. In: 
Markakis, P. (ed.) Anthocyanin as Food Colors, p. 
163–180. New York: Academic Press. 

Melecchi, M. I., Péres, V. F., Dariva, C., Zini, C. A., 
Abad, F. C., Martinez, M. M. and Caramão, E. B. 
2006. Optimization of the sonication extraction 
method of Hibiscus tiliaceus L. flowers. Ultrasonic 
Sonochemistry 13(3): 242–250. 

Mohd-Esa, N., Hern, F. S., Ismail, A. and Yee, C. L. 
2010. Antioxidant activity in different parts of 
roselle (Hibiscus sabdariffa L.) extracts and potential 
exploitation of the seeds. Food Chemistry 122(4): 
1055–1060.

Mosquera, L. H., Moraga, G. and Martínez-Navarrete, N. 
2010. Effect of maltodextrin on the stability of freeze-
dried borojó (Borojoa patinoi Cuatrec.) powder. 
Journal of Food Engineering 97: 72–78.

Pérez-Gregorio, M. R., Regueiro, J., González-Barreiro, 
C., Rial-Otero, R. and Simal-Gándara, J. 2011. 
Changes in antioxidant flavonoids during freeze-
drying of red onions and subsequent storage. Food 
Control 22(7): 1108–1113.

Selim, K. A., Khalil, K. E., Abdel-Bary, M. S. and Abdel-
Azeim, N. A. 2008. Extraction, encapsulation and 
utilization of red pigments from roselle (Hibiscus 
sabdariffa L.) as natural food colorants. In 5th 
Alexandria Conference of Food and Dairy Science 
and Technology, p. 7–20. Alexandria, Egypt.

Serrano-Cruz, M. R., Villanueva-Carvajala, A., Rosales, 
E. J. M., Dávila, J. F. R. and Dominguez-Lopez, A. 
2013. Controlled release and antioxidant activity of 
Roselle (Hibiscus sabdariffa L.) extract encapsulated 
in mixtures of carboxymethyl cellulose, whey protein, 
and pectin, LWT - Food Science and Technology 
50(2): 554–561.

Shirsath, S. R., Sonawane, S. H. and Gogate, P. R. 2012. 
Intensification of extraction of natural products 
using ultrasonic irradiations — A review of current 
status. Chemical Engineering and Process: Process 
Intensification 53: 10–23.

Stintzing, F. C. and Carle, R. 2004. Functional properties 
of anthocyanins and betalains in plants, food, and 
in human nutrition. Trends in Food Science and 
Technology 15: 19–38.

Tao, Y., Wu, D., Zhang, Q.-A. and Sun, D.-W. 2014. 
Ultrasound-assisted extraction of phenolics from wine 
lees: Modeling, optimization and stability of extracts 
during storage. Ultrasonic Sonochemistry 21: 706–
715.

Tiwari, B. K., O’Donnell, C. P., Patras, A. and Cullen, P. 
J. 2008. Anthocyanin and ascorbic acid degradation 
in sonicated strawberry juice. Journal of Agriculture 
Food Chemistry 56 (21): 10071–10077.

Vardanega, R., Santos, D. T. and Meireles, M. A. A. 2014. 
Intensification of bioactive compounds extraction 
from medicinal plants using ultrasonic irradiation. 
Pharmacognosy Review 8(16): 88–95.

Vetal, M. D., Lade, V. G. and Rathod, V. K. 2012. Extraction 
of ursolic acid from Ocimum sanctum leaves: Kinetics 
and modeling. Food and Bioproducts Processing 90: 
793–798.

Vilkhu, K., Mawson, R., Simons, L. and Bates, D. 2008. 
Applications and opportunities for ultrasound assisted 
extraction in the food industry — A review. Innovative 
Food Science and Emerging Technology 9: 161–169.

Weast, R. C., Astle, M. J. and Beyer, W. H. 1988. 
Handbook of Chemistry and Physics, 69th ed. Boca 
Raton, Florida: CRC Press, Inc. 

Xu, D.-P., Zhou, Y., Zheng, J., Li, S., Li, A.-N. and Li, H.-B. 
2016. Optimization of ultrasound-assisted extraction 
of natural antioxidants from the flower of Jatropha 
integerrima by response surface methodology. 
Molecules 21: 18–29.

Zaidel, D. N. A., Sahat, N. S., Jusoh, Y. M. M. and 
Muhamad, I. I. 2014. Encapsulation of anthocyanin 
from roselle and red cabbage for stabilization of 
water-in-oil emulsion. Agriculture and Agricultural 
Science Procedia 2: 82–89.

Zou, T. B., Wang, M., Gan, R.-Y. and Ling, W.-H. 2011. 
Optimization of ultrasound-assisted extraction of 
anthocyanins from mulberry, using response surface 
methodology. International Journal of Molecular 
Science 12: 3006–3017.


