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ABSTRACT 
 

Anthocyanins attracted attention as a potential source of natural colorants and as antioxidants. The 
extraction technique has a great effect on the quality of natural color.  In the current study, different 
extraction media such as, ethanol (0 - 80 %), acidified water (1% HCl) with ethanol (0 - 80 %), acetic acid 
solution (1 - 2 %) and acidified (0.5 - 2 % lactic acid) 80 % ethanol were used to extract anthocyanins from 
Hibiscus sabdariffa. The antioxidant capacity of different extracts were also evaluated using DPPH, ABTS 
and FRAP assays. Among different tested media, acidified (2 % lactic) in 80 % ethanol, acidified (1% 
HCl) 50 % ethanol and 2 % acetic acid solution significantly exhibited higher anthocyanin content from 
hibiscus (being 725.91, 685.78 and 634.90 mg/100g, respectively). With regard to antioxidant activity, 
both the acidified (2 % lactic acid) 80 % ethanol and acidified (1%HCl) 50 % ethanol of hibiscus extracts 
showed strong antioxidant activity. The results showed that different extraction media can significantly 
affected the antioxidant activities of the hibiscus extracts. A strong correlation was observed between the 
anthocyanin levels and antioxidant activity (R2=0.98, 0.984 and 0.90) measured by DPPH, ABTS and 
FRAP, respectively of different hibiscus extracts. The results also showed that hibiscus extracts have 
potential use as valuable source of anthocyanins with good antioxidant activity.   
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Introduction 
 

Color is considered as one of most vital properties determine the acceptability of foods and drinks 
and is essential element for their identification. Food colorant is mainly due to the occurrence of natural 
pigments, however; synthetic colorants are usually added to give the acceptable color in the final product. 
Although synthetic colors were preferable over the past 10 decades, their application has been banned in 
the past few decades due to their carcinogenic effects and unwholesome to the health of consumers. 
Recently, processors have turned to the use of colorants derived from natural origin as an applicable and 
alternative option to respond the increase of demand of consumer for natural products. In this concern, the 
availability of such natural pigments including the sources, the extraction and the concentration processes 
as well as stability of these colorants should be considered in the production of these ingredients (Patil et 
al., 2009). 
 Previous reports indicated that plant extracts rich in anthocyanin may be have the potential as 
natural colorants in food applications. Beside their function as colorants, these anthocyanins may have 
multiple biological effects such as antioxidant, antimicrobial, anti-inflammatory, inhibit the aggregation of 
blood platelets, curative of diabetic retinopathy and suppress the atherosclerosis induced by cholesterol 
(Cliflord, 2000; Espin et al., 2000; Mazza and Miniati, 1993; Wang et al., 1997). 
 Anthocyanins, the biggest group of water-soluble natural pigments, are the glycosides of 
polyhydroxy and the polymethoxy derivatives of 2-phenylbenzopyrylium or flavylium salts. They are 
responsible for attractive colours of some fruits, flowers vegetables and their products (Mazza and 
Brouillard, 1990). 
 Roselle (Hibiscus sabdariffa) is a tropical plant widely cultivated in different countries. Roselle 
produces red edible calyxes which primarily can be used for making brilliant red color juice, jam, jelly, 
and preserve (Hirunpanich et al., 2006). Since the early 1970s, roselle has received great considerable 
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attention as a potential source of natural food colorant, pharmaceuticals and cosmetics (Mazza and 
Miniati, 1993). 
 Effective extraction techniques should maximize the recovery of anthocyanin and minimal the 
amount of adjuncts and decrease the degradation or the alteration of the natural state of colorants. 
Anthocyanins are soluble in the polar solvents and usually extracted by the aqueous mixtures of some 
organic solvents including methanol, acetone or ethanol (Kano et al., 2005). Unfortunately, some of the 
solvents used (e, g. methanol/acetone) may induce toxicity to the human health (Patil et al., 2009). In 
addition of the traditional solvent extraction, there are new methods such as microwave (Sun et al., 2007; 
Yang et al., 2008; Yang and Zhai, 2010) and ultrasonic methods (Ghafoor et al., 2009, 2011) were 
reported.  

The anthocyanidins and anthocyanins exhibit greater antioxidant activity compared to vitamins E 
and C (Bagchi et al., 1998) which have the ability to scavenge free radicals through the donation of 
hydrogen atoms (Chen et al., 1996; Rice-Evans et al., 1996). For this reason, they showed anticancer   
activity (Kamei et al., 1995). A longitudinal correlation was reported between the antioxidant capacity and 
the content of anthocyanins in strawberries, red raspberries, blackberries, and black raspberries (Wang and 
Lin, 2000; Heinonen et al., 1998). The aim of this study was to investigate the effect of different extraction 
media on anthocyanin content, and antioxidant activity of the hibiscus extracts. Also the correlation 
between anthocyanin content and antioxidant activity was estimated for their potential application as a 
natural food colorant.   
 

Material and Methods 
 
Materials  
 
Plant material 
 

Dried flowers of hibiscus (H. sabdarriffa L.) Sobhia 17 were obtained from Agriculture Research 
Center (ARC), Ministry of Agriculture, Giza, Egypt and was used as a natural source of anthocyanin 
pigments. Samples were powdered (mesh size 30), covered with aluminum foil and stored at 4° C until 
analysis.  

 
Chemicals 
 
   Gallic acid, sodium acetate, 2,2-Diphenyl-1-picryl-hydrazyl (DPPH), 2,2-azino-bis/3-ethyl-
benzothiazoline-6-sulfonic acid (ABTS), 2, 4, 6- tripyridyl-s-triazine (TPTZ) and Folin-Ciocalteu were 
purchased from Sigma Chemical Company (St.Louise, MO, USA).All chemicals, solvents and reagents 
were of analytical grade available.  
 
Methods  
 
Proximate composition and physicochemical analysis of hibiscus 
 

Moisture, fat, ash, crude fiber and protein (N X 6.25) contents of hibiscus samples were 
determined according to AOAC (2000). Total carbohydrate content was calculated by difference. The total 
soluble solids content (TSS) of hibiscus samples was measured with an Atago type refractometer and the 
values were expressed as degree °Brix at 25° C. pH was determined with Thermo electron corporation pH 
meter (Model, ORION 2 STAR) calibrated with pH 4 and 7 buffers. Titratable acidity was determined 
potentiometrically by titrating the sample with 0.1 NaOH until the pH reached 8.0 and expressed as citric 
acid according to AOAC (2000). 

 
Ascorbic acid content  
  

Ascorbic acid (Vitamin C) was determined in hibiscus samples according to the indophenols 
method (AOAC, 2000). 
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Determination of anthocyanin content  
 
 Total anthocyanin content of hibiscus was determined by the pH differential method; a 
spectrophotometric method that involves measurement of absorbance at pH 1.0 and 4.5 (Lee et al., 2005). 
Briefly, buffer solutions at pH 1.0 (0.025 M potassium chloride) and at pH 4.5 (0.4 M sodium acetate) 
were prepared. Each sample was diluted with the buffers to give an absorbance reading between 0.2 and 
1.4 AU. Absorbance was measured at 520 and 700 nm with UV-VIS-Double Beam/ UVD-3500 (Labomed. 
Inc., California, USA). Total anthocyanins content (mg/ L) was expressed as cyaniding-3-glucoside 
according to the following equation and was converted to mg anthocyanin/100 g sample (Lee et al., 2005): 
 
Anthocyanin pigment (mg/L) =         A x MW x DF x 103 

 X 1 
where: 
 A = (A520nm – A 700nm) pH 1.0 – (A520nm – A700nm) pH 4.5 
MW (molecular weight) = 449.2 g/mol for cyanidin-3-glucoside  
DF = dilution factor 
 is the molar absorptivity of cyanidin-3-glucoside (26,900) 
1 = cell path length in (1cm) 
103 = factor for conversion from g to mg. 
 
Total phenolics content 
 
 Total phenolics content of hibiscus samples was determined with Folin-Ciocalteu reagent as 
described by Chandler and Dodds (1983) with the modification of Shetty et al. (1995). Approximately 50 
mg of sample were placed in a small vial that contained 2.5ml of 95 % ethanol. After homogenization and 
centrifugation at 13000 rpm for 10 min, 1 ml of supernatant was placed in a test tube to which 1 ml of 95 
% ethanol and 5 ml of filtered /deionized water were added. Folin-Ciocalteau reagent (50%, 0.5 ml) was 
added to each sample. After 5min, 1 ml of 5% Na2CO3 was added and mixed with a vortex mixer and the 
reaction mixture was allowed to stand for 60 min in darkness. Samples were again homogenized with a 
vortex mixer, and absorbance was measured at 725 nm using the UV-VIS Double Beam/ UVD-3500 
(Labomed. Inc., California, USA). The amount of phenolics present in the sample was determined from a 
standard curve prepared with gallic acid in 95% ethanol. Average values of triplicate estimations were 
expressed as mg gallic acid equivalents/ 100g sample (dry weight basis). All experiments were carried out 
in triplicate. 
 
Extraction procedure of anthocyanin 
 

Anthocyanins were extracted from hibiscus according to the method of Patil et al. (2009) with 
slight modification. Different extraction media such as ethanol (0 - 80 %), acidified water (1% HCl) with 
ethanol (0-80%), acetic acid solution (1- 2 %), and acidified (0.5-2 % lactic acid) 80 % ethanol were used 
in this study according to McDougall et al.(2007) and Wang et al. (2013). Ten gram of dried grounded 
hibiscus were mixed with 100 ml of the extracting medium as 3 individual replicates and were shaken at 
160 rpm  for 4 h at room temperature. Anthocyanin extracts were filtered through the muslin cloth to 
remove fibrous particles.  The filtrates of different extracting medium were centrifuged separately at 10 
000 rpm for about 10 min to remove the suspended particles, stored at 4 °C in screw -top glass bottles and 
were covered with aluminum foil to avoid exposure to light. The anthocyanin content in each of these 
extracts was measured using pH differential method and the results were compared. 
 
Determination of antioxidant activity of hibiscus extract:  
  
DPPH radical scavenging activity:  
 

The capacity of hibiscus extract to scavenge DPPH radicals’ (2, 2-diphenyl -1-picrylhydrazyl) was 
measured based on the method described by Cheung and Cheung. (2003) with the minor modification 
suggested by Hwang and Do Thi (2014). This method depends on the reduction of purple DPPH radicals to 
yellow colored DPPH and the remaining DPPH radicals that show maximum absorption at 517 nm was 
measured. Briefly 50 µL of the sample extract was allowed to react with 3.95 ml of the DPPH solution (0.2 
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mM DPPH in methanol). The mixture was shaken vigorously, allowed to stand for 25 min and the decrease 
in absorbance was measured at 517 nm using the UV-VIS Double Beam/ UVD-3500 spectrophotometer. 
The results were expressed as equivalent of ascorbic acid (mg/g dry weight of the sample extract). 

 
ABTS radical scavenging activity: 
  

The ABTS radical scavenging activity of the extracts was determined using the method of Re et 
al. (1999) with the slight modifications of Hwang and Do Thi (2014).ABTS, a chromogen and a colorless 
substance, is changed into its colored monocationic radical from (ABTS. +) by an oxidizing agent. The 
stock solution was prepared by mixing 7.4 Mm ABTS and 2.6 mM potassium persulfate in equal volume 
and allowing to reacting for 24 h at room temperature in the dark. The working solution was made by 
diluting 1 mL ABTS stock solution with 60 mL of ethanol: water (50:50, v/v) to give an absorbance of 1.0 
± 0.02 units at 734 nm, 50 µL of sample extract was allowed to react with 3.95 mL of the ABTS solution 
for 1 h in a dark place condition and the absorbance was determined at 734 nm using the UV-VIS Double 
Beam/ UVD-3500 spectrophotometer. The standard curve was prepared using ascorbic acid and the results 
were expressed as mg ascorbic acid equivalents /g sample. Additional dilution was carried out if the ABTS 
value measured was over the linear range of the standard. 

 
Ferric reducing activity power (FRAP): 
 

The FRAP assay was conducted according to the method described by Benzie and Strain (1996) 
with some modifications (Zargar et al., 2011). FRAP reagent was prepared with 50 ml of 300 mM acetate 
buffer (pH 3.6), 5 ml of 10 mM 2, 4, 6- tripyridyl-s-triazine (TPTZ) in 40 mM HCl and 5 ml of 20 mM 
FeCl3.6H2O solution. A 50 µl sample extract was added to 3.95 ml of the FRAP reagent. After incubation 
in the dark at 37°C for 30 min, the absorbance was measured at 593 nm. The standard curve was prepared 
using ascorbic acid and the results were expressed as mg ascorbic acid equivalent /g sample. The increase 
in absorbance of the reaction mixture indicates an increased reducing power activity. 
 
Statistical Analysis  
 

All samples were analyzed in triplicates and the results were expressed as means ± standard 
deviation. Analysis was assessed using the Statistical Analysis System software System for Windows 
(SAS, 2008). One way analysis of variance (ANOVA) was performed to evaluate the significant 
differences between sample means, with significant level being considered at p < 0.05. Mean comparisons 
were assessed by Duncan’s test. 

 
Results and Discussion 

Proximate composition and physicochemical analysis of hibiscus  
 
 Proximate composition and physicochemical properties of hibiscus (as a natural source of 
anthocynin pigment) were determined and the results are given in Table (1).Dried flowers of hibiscus were 
found to be contained 11.05 % moisture, 5.18 % protein, 1.70 % oil, 9.22 % ash, 14.67 % fiber and 72.85 
% total carbohydrates. However, the pH value,titrable acidity and total soluble solids of hibiscus were 2.8, 
3.87 % (as citric acid) and 4.8° Brix, respectively. 
 These results are similar to those reported by Abou Arab et al. (2011), Jafarian et al. (2014) and 
Abdel-Moemin (2016) with some differences that may be due to genetic variety and type of soil (Babalola 
et al., 2001). 
 Similar values of pH and titrable acidity have been reported for hibiscus by Abou Arab et al. 
(2011), Fasoyiro et al. (2005) and Paramee et al. (2008). The results were slightly higher than those 
reported by Kilima et al. (2014) who found that TSS for hibiscus extract was 5.70 °Brix. 

The ascorbic acid, total phenolic and total anthocyanins content of hibiscus were 46.47 mg, 128.60 
mg gallic acid and 572.54 mg cyandin g-3- glucoside/ 100g sample, respectively. Kilima et al. (2014) and 
Nnam and Onyeke (2003) found that hibiscus contained 53 and 37 mg ascorbic acid /100g respectively. 
 It was reported that hibiscus have a wide range of phenolics compounds between 54.6 mg gallic 
acid/ 100 g (Kilima et al., 2014) to 5012.54 mg GAE 100 g (Bergmeier et al., 2014)which could be 
attributed to compositional difference in the varieties (Babalola et al., 2001).  
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Total phenolic content (TPC) assay depends on the transfer of the electrons in alkaline medium 
from the phenolic compounds to the phosphotungstic / phosphomolybdic acid complexes resulting in the 
formation of blue complexes that are determined spectroscopically (Singleton et al., 1999). Plant based 
phenol compounds exhibit rich antioxidant activity by scavenging the free radicals generated during the 
normal metabolism process. This group encompasses a wide diversity of compounds, which mainly 
included, flavonoids and proanthocyandins (condensed tannins) (Shahidi and Naczk, 2004). 
 Our result of anthocyanin content (ANC) is similar to those found by Kilima et al. (2014) and 
Abdel-Moemin (2016) and slightly lower than those obtained by Abou Arab et al. (2011). Recently, 
anthocyanins are becoming increasingly important not only due to their antioxidant properties, but also 
because of their antibacterial properties and use as a natural food colorant (Naz et al., 2007). 
 
Table 1:  Proximate composition and physicochemical properties of dried hibiscus flowers  
Proximate 
composition % 

% Physicochemical  properties value 

Moisture 11.05 ± 0.24 pH  2.80 ± 0. 05 
Protein  5.18 ± 0.03 Titrable acidity (%  as citric acid)  3.87 ± 0. 10 
Fat  1.70 ± 0.10 Total soluble solids (°Brix)  4.8 ± 0. 10 
Ash  9.22 ± 0.13 Ascorbic acid (mg/100g)  46.47 ± 0. 31 
Fiber  14.67 ± 0.15 Total phenolics as gallic acid (mg/100g)  128.60 ± 3.56 
Total carbohydrates b 72.85 ± 0.01 Total anthocyanins (as cyaniding-3- glucoside) 

(mg/100g) 
 572.54 ± 9.38 

 a   Data are expressed as means ± standard deviation (n=3) 

  b Calculated by difference  

 
Effect of extraction media on anthocyanin contents and antioxidant activities of hibiscus extracts 
 

The selection of extracting medium is considered a vital factor for the extraction of natural 
colorants. The selection of extracting medium should be based on the way that capable to give the 
maximum yield of pigment with a minimal amount of degradation, alteration, adjuncts or alteration of the 
final product (Patil et al., 2009). To determine the most suitable extracting medium for  maximum 
extraction of the anthocyanin from hibiscus, four extraction media namely ethanol (0 - 80 %), ethanol (0-
80 %) acidified with 1 %HCl, acetic acid solutions (1 - 2 %) and 80 % ethanol acidified with (0.5-2 %) 
lactic acid were examined. The antioxidant capacity of different hibiscus extracts were also evaluated 
using DPPH, ABTS and FRAP assays. 
 
Extraction with ethanol solutions  
 
 The effect of ethanol concentration in water (0 - 80 %) on extraction of anthocyanin from hibiscus 
and their antioxidant activity were investigated. It could be observed that 100 % of ethanol alone was not 
preferable for the extracting due to the presence of a small amount of water which is required for the 
extraction of the hydrophilic anthocyanins (Fuleki and Francis, 1968). The results presented in Table (2) 
showed that the anthocyanin content of hibiscus extracts has significantly (P ≤ 0.05) increased with the 
increase the percentage of alcohol in water to 50 % and the further increase in  alcohol percentage resulted 
is  a significant reduction  in the content of anthocyanin content. This decrease in the content of 
anthocyanin may be due to the nonextraction of hydrophilic anthocyanins as the percentage of water was 
reduced with the increase of alcohol content (Patil et al., 2009).  
 The maximum anthocyanin content of 640.37mg / 100g was obtained by using50 % ethanol in 
water, while the lowest content of 485.90 mg / 100g was determined in 80 % ethanol in water. Similar 
results were obtained by (Patil et al., 2009) when extracted anthocyanin from red radish. The results 
presented in the same table showed a positive correlation between anthocyanin content and antioxidant 
activity (AOA) of different ethanolic extracts of hibiscus. The AOA values of different ethanolic extracts 
of hibiscus ranged from 19.73 to 45.01, 18.30 - 44.84 and 18.20-46.66 mg ascorbic acid equivalents / g 
sample using DPPH, ABTS and FRAP assay, respectively. The highest AOA was determined in 50 % 
ethanolic extract, while the lowest AOA was found in that extracted with 80 % ethanol. Samples extracted 
with 50 % ethanol had significantly higher antioxidant activity than those extracted with 80 % ethanol. 
Therefore, the higher is the amount of anthocyanin in the sample; higher is the AOA in the sample.For the 



Middle East J. Appl. Sci., 6(4): 856-866, 2016 
ISSN 2077-4613 

861 

comparison, the high antioxidative activity of raspberries may be due to the high content of anthocyanins 
in this fruits as mentioned by by KahKonen et al. (2001) and Zheng and Wang (2003). 
 

 Table 2: Anthocyanin content and antioxidant activities of hibiscus extracted with different ethanol concentrations.  

Extraction media 
Anthocyanin 

content (ANC) 
(mg/100g) 

Antioxidant activity (AOA) 
(mg/g) 

DPPH ABTS FRAP 

Water ( 0 % ethanol) 
572.54C 
± 9.38 

28.82C 
± 0.28 

30.71CB 
± 0.80 

28.70C 
± 0.70 

20% Ethanol 
554.10DE 

± 2.10 
22.32D 
± 0.44 

21.80E 
± 0.11 

22.65E 
± 0.47 

30% Ethanol 
560.26D 
± 1.60 

29.14C 
± 1.41 

26.12D 
± 2.13 

27.31D 
± 0.18 

40% Ethanol 
590.13B 
± 1.51 

34.63B 
± 0.62 

32.60B 
± 0.10 

30.40B 
± 0.40 

50% Ethanol 
640.03A 
± 1.61 

45.01A 
± 0.40 

44.84A 
± 0.20 

46.66A 
± 0.16 

60% Ethanol 
576.37C 
± 2.33 

29.74C 
± 0.52 

29.50C 
± 0.16 

29.42BC 
± 0.20 

70% Ethanol 
546.86E 
± 0.11 

21.91D 
± 0.52 

21.70E 
± 0.19 

21.33F 
± 0.20 

80% Ethanol 
485.90F 
± 4.80 

19.73E 
± 0.28 

18.30F 
± 0.57 

18.20G 
± 0.186 

All result expressed as mean of three individual replicates (n=3 ± S.D.) 
Mean values followed by different letters in a column are significantly different (P ≤0.05)  

 
Extraction with acidified water (1 % HCl) in ethanol 
 

 The color of anthocyanins changes with the change in the pH value of the extraction medium was 
thought prudent to use the ethanol (20 - 80 %) in acidified water (1 % HCl). Data in Tables 2 and 3 showed 
that acidified water (1 % HCl) extracted more anthocyanin content (648.75 mg/100g) than pure water 
(572.54 mg /100g) or 50 % aqueous ethanol solution (640.03 mg/100g). This can be mainly due to 
hydrochloric acid, that stabilizes the pigments and decrease the pH to the level since the absorbance of the 
anthocyanins was at maximum (Patil et al., 2009).  

The results in Table (3) also showed that anthocyanin content in hibiscus extracts was 
significantly (P ≤ 0.05) increased by increasing the percentage of ethanol in acidified water up to 50 %.  
 
Table 3: Anthocyanin content and antioxidant activities of hibiscus extracted with acidified water in different 

ethanol concentrations. 

Extraction media 
Anthocyanin 

content (ANC) 
(mg/100g) 

Antioxidant activity (AOA) 
(mg/g) 

DPPH ABTS FRAP 

Acidified water ( 1 % HCl) 
648.75CD 

± 13.00 
46.70C 

± 0.80 
47.37C 

± 0.20 
43.55E 

± 0.20 

20% Eth + 1 % HCl 
636.96D 
 ± 7.69 

43.68D 

± 0.40 
45.86D 

 ± 0.42 
45.22D 
± 0.43 

30% Eth + 1 % HCl 
672.90AB 

±1.00 
49.53B 
± 0.40 

50.10B 
 ± 0.90 

48.41AB 
± 0.20 

40% Eth + 1 % HCl 
652.80BCD 

± 2.33 
45.64C 
± 0.10 

46.10CD 
± 0.34 

41.10F 
± 1.40 

50% Eth + 1 % HCl 
685.78A  
± 1.93 

52.45A 
± 0.47 

52.69A 
± 0.70 

49.10A 
± 0.18 

60% Eth + 1 % HCl 
664.63ABC 

± 6.74 
49.02B 
± 0.25 

49.35B 
± 0.16 

47.04ABC 
± 0.10 

70% Eth + 1 % HCl 
665.60ABC 

 ± 7.35 
52.02A 
± 0.70 

49.70B 
± 0.11 

46.73BCD 
± 0.40 

80% Eth + 1 % HCl 
660.14BCD 

± 8.63 
49.40B 
± 0.40 

49.92B 
± 0.13 

45.80CD 
± 0.28 

All result expressed as mean of three individual replicates (n=3 ± S.D.). 
Mean values followed by different letters in a column are significantly different (P ≤0.05).  
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The further increase in % ethanol up to 70 % resulted in a non significant decrease in anthocyanin content. 
The maximum content of anthocyanin (685.63 mg/100g) was obtained at 50 % ethanol in acidified water. 
Patil et al. (2009) found that the maximum extraction of anthocyanins from red radish was obtained with 
using 50 % alcohol in acidified water as extracting media. Also, Bridgers et al. (2010) reported that 
acidified solvents yielded 10-45 % and 16-46 % more anthocyanins than the non-acidified solvents of the 
ethanol and the methanol.  
 On other side, Vanini et al. (2009) showed that ethanol at 70 % and pH 2 was the most efficient 
system in the extraction of anthocyanin from the grape samples.  
 A positive relationship was observed between anthocyanins content and antioxidant capacity in 
acidified ethanolic extracts of hibiscus. The highest antioxidant activity was measured in acidified 50 % 
ethanol extracts of hibiscus. However, a slight but significant difference (P ≤ 0.05) in antioxidant activity 
values was observed in different acidified ethanolic extracts of hibiscus. Hence, the antioxidant activity 
values of different acidified ethanolic extracts of hibiscus was in the range of  43.68 to 52.45, 45.86 to 
52.69 and 45.22 to 49.10 ( mg ascorbic acid equivalents /g sample) using DPPH, ABTS and FRAP assays, 
respectively.   
 
Extraction with acetic acid solution  
 
  Based on the extraction methods reported in literature, it is necessary to use weakly acid media in 
order to prevent their hydrolysis during the extraction of acylated anthocyanins,. According to Castañeda-
Ovando et al., 2009, the use of weakly acid media can lead to the extraction more and different 
anthocyanins. The results presented in Table (4) showed that the amounts of anthocyanins extracted from 
hibiscus has significantly (P ≤ 0.05) increased with an increase in concentration of acetic acid solution 
from 1-2 %. The highest anthocyanins content (634.9 mg /100g) was extracted with 2 % acetic acid, which 
showed an extraction yield of 18.17 % higher than that of water extraction. 
With regard to the antioxidant activity of hibiscus extract, overall comparison showed that 2 % acetic acid 
solution significantly (P ≤ 0.05) exhibited highest antioxidant capacity, while water extract had the lowest. 
A highly positive correlation has been observed between anthocyanins content and their antioxidant 
activity in acetic acid solution extract of hibiscus. In this concern, Wang and Lin (2000) stated a linear 
correlation between the value of antioxidant capacity and the anthocyanin content in black berry, red 
raspberries, black raspberries and strawberries. 
 
Table 4: Anthocyanin content and antioxidant activity of hibiscus extracted with different acetic acid solution  

Extraction media 
Anthocyanin 

content (ANC) 
 (mg/100g) 

Antioxidant activity (AOA) 
(mg/g) 

DPPH ABTS FRAP 

Water  
572.54C 
± 9.40 

28.82D 
± 0.28 

30.71D 
± 0.80 

28.70D 
± 0.70 

1 %  Acetic acid 
586.63C 
 ± 1.41 

36.10C 
± 0.34 

37.15C 
± 0.35 

35.00C 
± 0.13 

1.5 % Acetic acid 
611.40B 
± 1.28 

40.98B 
± 0.16 

41.70B 
± 0.66 

37.44B 
± 0.27 

2 %   Acetic acid 
634.90A 
± 4.25 

44.64A 
± 0.74 

45.54A 
± 0.15 

43.20A 
± 0.15 

All result expressed as mean of three individual replicates (n=3±S.D.) 
Mean values followed by different letters in a column are significantly different (P ≤0.05)  

 
Extraction with 80 % ethanol acidified with (0.5-2 % lactic acid). 
  
 The results presented in Table 5 show the effect of extraction with 80 % ethanol acidified with 
0.5-2 % lactic acid on the anthocyanin content and antioxidant activity of hibiscus extract. 
 The extraction yields of anthocyanins progressively increased with increasing the lactic acid 
concentrations from 0.5 - 2 % in 80 % ethanol, since it showed an extraction yield of 49.39 % higher than 
that of 80 % ethanol from hibiscus. A maximum anthocyanin content of 725.91 mg/100g was obtained at 2 
% lactic acid in 80% ethanol, while the minimum content of 523.95mg/100g was determined with 0.5 % 
lactic acid in 80 % ethanol. It can be also observed that the antioxidant capacity measured by three assays 
in hibiscus extract significantly (P ≤ 0.05) increased with an increase in lactic acid from 0.5 % to 2 % in 80 
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% ethanol (as observed before). As shown, the combination 2 % lactic acid in 80 % ethanol extracting 
medium had the maximum extraction capacity for anthocyanins with better antioxidant capacity. 
 
Table 5: Anthocyanin and antioxidant activity and total anthocyanin extracted from hibiscus with different 

acidified lactic acid in 80 % ethanol. 

Extraction media 
Anthocyanin 

content (ANC) 
 (mg/100g) 

Antioxidant activity (AOA) 
(mg/g) 

DPPH ABTS FRAP 

80 % Ethanol 
485.90E 
± 4.80 

19.73C 
± 0.28 

18.30E 
± 0.57 

18.18E 
± 0.19 

0.5 % Lactic acid in 80 % Ethanol 
523.95D 
± 0.38 

20.63C 
± 0.29 

21.60D 
± 0.52 

20.21D 
 ± 0.21 

1 %  Lactic acid in 80 % Ethanol 
598.98C 
± 5.36 

38.23B 
± 0.24 

37.50C 
 ± 0.15 

39.30C 
 ± 0.10 

1.5 % Lactic acid in 80 % Ethanol 
706.70B 
± 3.60 

54.33A  
± 0.51 

54.17B 
± 0.25 

55.13B 
± 0.20 

2 % Lactic acid in 80 % Ethanol 
725.91A 
 ± 4.14 

55.38A  
± 0.47 

56.41A 
 ± 0.18 

51.80A 
 ± 0.60 

All result expressed as   mean of three individual replicates (n=3 ± S.D.).  
Mean values followed by different letters in a column are significantly different (P ≤0.05).  
 
The efficiency of different extraction media 
 
 For selection the best extracting medium, the highest amounts of anthocyanins and antioxidant 
activity exhibited from the different hibiscus extracts are compared in Fig 1.   
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 Fig 1: Effect of different extraction media on anthocyanin yield from hibiscus. 

The previous results showed that among different tested media 50 % ethanol, 1 % HCl acidified water in 
50 % ethanol, 2% acetic acid solution and 80 % ethanol acidified with 2 %lactic acid achieved the highest 
anthocyanins and antioxidant capacity. With regard to total anthocyanin content, acidified 2 %lactic acid in 
80 %ethanol significantly (P ≤ 0.05) exhibited a higher value of 725.91 mg/100g followed by acidified 
water with1 % HCl to 50 % v/v which give 685.78 mg/100g. However, no significant differences (P ≤ 
0.05) were observed in anthocyanin content between 50 % ethanol and 2 % acetic acid solution. The use of 
80 % ethanol acidified with2% lactic acid showed an extraction yield 14.33% higher than that of 2% acetic 
acid solution from hibiscus. On other hand, high antioxidant activity was significantly (P ≤ 0.05) recorded 
in 80% ethanol acidified with 2% lactic acid (51.80, 55.38 and 56.41 as mg ascorbic acid equivalents / g 
sample measured by FRAP, DPPH and ABTS assays, respectively) which had the highest total 
anthocyanin content among the all tested hibiscus extracts. Previous studies have reported that different 
solvent extraction system can contribute significantly to differences in the antioxidant activities of the 
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extracts (Tian et al., 2009; Wijekoon et al., 2011). Mak et al., (2013) clearly illustrated that phenols 
including flavonoids, taninnis, flavonal and anthocyanins are most probably the major contributor to 
observed antioxidant properties in both hibiscus and cassia flower extracts. 
 

Correlation between anthocyanins content and antioxidant activity  
 

This part of study was aimed to establish the correlation between antioxidant activity and 
anthocyanins content in hibiscus. It could be observed that differences in the values of antioxidant 
activities measured by the applied three test methods (DPPH, ABTS, FRAP) were minor and not exceeded 
7 % in the most cases (based on the lowest value in each row). According to the results of Table 6, a strong 
correlation was observed between the anthocyanin levels and antioxidant activity (R2 = 0.980, 0984 and 
0.981 measured by DPPH, ABTS and FRAP assays, respectively) of the hibiscus extracts. Also, there was 
high correlation between the different methods used to evaluate the antioxidant in this study (R2 ≥ 0.98). 
(51) reported a strong correlation between antioxidant capacity and total phenol (R2 =0.83), as well as 
anthocyanin (R2=90) contents in four species of berries. These results are similar to those reported by Kalt 
et al. (1999) who found a linear relationship with anthocyanin (0.8375) as determined using the FRAP 
assay at 520 nm and indicate that anthocyanin is the major source of antioxidant capacity in hibiscus 
extract. Also, Awika et al. (2004) observed a strong correlation (R2 = 0.94) between the total levels of 
anthocyanins and antioxidant activity of sorghum which affirming that antioxidant activity of black 
sorghum belongs to anthocyanins. 

 
Table 6: Correlation coefficient between antioxidant activity and anthocyanin content of hibiscus measured by 

three different assay methods 
Traita  DPPH  ABTS  FRAP 
ABTS  0.997**     

FRAP  0.995**  0.998**   

ANC  0.980**  0.984**  0.981** 
DPPH, ABTS, FRAP and ANC, ns = non significant, * = Correlation is significant at p < 0.05 and ** = 
Correlation is significant at p < 0.01. 

 

References  

 

Abdel-Moemin, A. R., 2016. Effect of Roselle calyces extract on the chemical and sensory properties of 
functional cupcakes, Food Sci. Hum. Wellness, http://dx.doi.org/10.1016/j.fshw.2016.07.003 (in 
press). 

Abou-Arab, Azza A., Ferial M. Abu-Salem and Esmat A. Abou-Arab, 2011.Physico- chemical properties 
of natural pigments (anthocyanin) extracted from Roselle calyces (Hibiscus subdariffa). J. Am. Sci., 
7(7):445-456. 

AOAC, 2000. Official Methods of Analysis of AOAC International. (Ed. Horwitz, W.), 17th Ed., Suite 500, 
481 North Fredric avenue Gaithersburg, Maryland, USA. 

Awika, J. M., L.W. Rooney and R.D. Waniska, 2004. Anthocyanins from black sorghum and their 
antioxidant properties. Food Chem., 90:293-301. 

Babalola, S.O., A.O. Babalola and O.C. Aworth, 2001.Composition attributes of the calyces of roselle. J. 
Food Tech., Afric., 133-134. 

Bagchi D., A. Garg, R.L. Krohn, M. Bagchi, D.J. Bagchi, J. Balmoori and S.J. Stohs, 1998. Protective 
effects of grape seed pro-anthocyanidins and selected antioxidants against TPA-induced hepatic and 
brain lipid peroxidation and DNA fragmentation, and peritoneal macrophage activation in 
mice. Gen. Pharmacol. , 30:771-776. 

 Benzie, I. F. F. and J. J. Strain, 1996. The Ferric Reducing Ability of Plasma (FRAP) as a Measure of 
Antioxidant Power: The FRAP Assay. Anal. Biochem., 239 (1): 70–76. 

Bridgers, E. N., S. C. Mari and T.Van-Den, 2010. Extraction of anthocyanins from industrial purple-
fleshed sweet potatoes and enzymatic hydrolysis of residues for fermentable sugars. Ind. Crop. 
Prod.., 32:613–620. 

Castañeda-Ovando, A., M. D. L. Pacheco-Hernández, M. E. Páez-Hernández, J. A. Rodriguez and C. A. 
Galan-Vidal, 2009. Chemical studies of anthocyanins: A review. Food Chem., 113: 859-871. 



Middle East J. Appl. Sci., 6(4): 856-866, 2016 
ISSN 2077-4613 

865 

Chandler, S. F.and J. H. Dodds, 1983. The effect of phosphate, nitrogen and sucrose on the production of 
phenolics and solasidine in callus cultures of Solanum laciniatum. Plant Cell Rep., 2:105-108. 

Chen, Z. Y., P. T. Chan, K. Y. Ho, K. P.  Fung and J. Wang, 1996. Antioxidant activity of natural 
flavonoids is governed by number and location of their aromatic hydroxyl groups. Chem. Phys. 
Lipids, 79(2): 157-163. 

Cheung, L.M., P.C.K. Cheung and V.E.C. Ooi, 2003. Antioxidant activity and total phenolics of edible 
mushroom extracts. Food Chem., 81: 249-55. 

Cliflord, M.N., 2000. Chlorogenic acids and other cinnamatesnat-nature, occurrence, dietary burden, 
absorption and metabolism. J. Sci. Food Agric., 80(7): 1033-1043. 

Espin, J.C., C. Soler-Rivas, H. Wichers and C. Garcia-Viguera, 2000. Anthocyanin-based natural 
colorants: a new source of antiradical activity for food stuff. J. Agric. Food Chem., 48(5): 1588-
1592. 

Fasoyiro, S.B., S.O. Babalola and T. Owosibo, 2005.Chemical Composition and Sensory Quality of Fruit-
Flavoured Roselle (Hibiscus sabdariffa) Drinks .World J. Agric. Sci., 1 (2): 161-164. 

Fuleki, T.and F. J. Francis, 1968. Extraction and determination of total anthocyanin in cranberries. J Food 
Sci., 33(1): 72-77. 

Ghafoor, K., Y. H. Choi, J. Y. Jeon and I. H. Jo, 2009. Optimization of ultrasound-assisted extraction of 
phenolic compounds, antioxidants, and anthocyanins from grape (Vitis vinifera) seeds. J. Agric. 
Food Chem., 57: 4988-4994. 

Ghafoor, K., T. Hui and Y. H. Choi, 2011. Optimization of ultrasonic assisted extraction of total 
anthocyanins from grape peel using response surface methodology. J. Food Biochem., 35: 735–746. 

Heinonen, I. M., A. S. Meyer and E. N. Frankel, 1998. Antioxidant activity of berry phenolics on human 
low-density lipoprotein and liposome oxidation. J. Agric. Food Chem., 46(10): 4107–4112. 

Hirunpanich, V., A. Utaipat, N. P. Morales, N. Bunyapraphatsara, H. Sato, A. Herunsale and C. 
Suthisisang, 2006. Hypocholesterolemic and antioxidant effects of aqueous extracts from the dried 
calyx of Hibiscus sabdariffa L. in hypercholesterolemic rats. J. Ethno- Pharm., 103: 252-260. 

Hwang, E. S. and N. Do Thi, 2014. Effects of Extraction and Processing Methods on Antioxidant 
Compound Contents and Radical Scavenging Activities of Laver (Porphyra tenera). 
Prev. Nutr. Food Sci.., 19: 40-48. 

Jafarian, S., M. Ali, R.S. Kenari and E. R. Amir-Hossein, 2014. Total Phenolic Content and Antioxidant 
Activity of Roselle (Hibiscus Sabdariffa L.) Calyces Extracts. J. Appl. Sci. Agric., (9): 165-169. 

Kahkonen, M.P., A.I. Hopia and M. Heinonen, 2001. Berry phenolics and their antioxidant activity. J. 
Agric. Food Chem., 49:4076– 4082. 

Kalt, W., C.F. Forney, A. Martin and R.L. Prior, 1999. Antioxidant capacity, vitamin C, phenolics, and 
anthocyanins after fresh storage of small fruits.  J. Agric. Food Chem., 47:4638–4644. 

Kamei, H., T. Kojima, M. Hasegawa, T. Koide, T. Umeda, T. Yukawa and K. Terabe, 1995. Suppression 
of tumor cell growth by anthocyanins in vitro. Cancer Investigation, 13(6): 590–594. 

Kano, M., T. Takayanagi, K. Harada, K. Makino and F. Ishikawa, 2005. Antioxidant activity of 
anthocyanions from purple sweetpotato, Ipomoea batatas cultivar Ayamurasaki. Bioscience, 
Biotech. Biochem., 69: 979–988. 

Kilima B. M., S.F. Remberg, B.E. Chove and T. Wicklund, 2014. Physio-chemical, mineral composition 
and antioxidant properties of Roselle (Hibiscus sabdariffa L.) extracted blended with tropical fruit 
juices. Afric. J Food Agric. Nutr. Develop., 14(3): 8963-8978. 

Lee, J., R.W. Durst and R. E. Wrolstad, 2005. Determination of Total Monomeric Anthocyanin Pigment 
Content of Fruit Juices, Beverages, Natural Colorants, and Wines by the pH Differential Method: 
Collaborative Study. J AOAC Inter., 88:1269-1278. 

Mak, Y.W., L.O. Chuah, R. Ahmad and R. Bhat, 2013. Antioxidant and antibacterial activities of hibiscus 
(Hibiscus rosa-sinensis L.) and Cassia (Senna bicapsularis L.) flower extracts. J King Saud Univ. 
Sci., 25:275–282. 

Mazza, G. and R. Brouillard, 1990. The mechanism of copigmentation of anthocyanins in aqueous 
solutions. Phytochem., 29:1097-1102. 

Mazza, G. and E. Miniati, 1993. Anthocyanins in fruits, vegetables and grains. Boca Raton, Fl-. CRC 
Press. pp 1-28. 

McDougall, G. J., S. Fyffe, P. Dobson and D.K. Stewart, 2007. Anthocyanins from red cabbage Stability to 
simulated gastrointestinal digestion. Photochem., 68(9):1285–94. 

Naz, S., R. Siddiqi, S.  Ahmad, S.A. Rasool and S.A. Sayeed, 2007. Antibacterial activity directed 
isolation of compounds from Punica granatum. J. Food Sci., 72: 341–345. 



Middle East J. Appl. Sci., 6(4): 856-866, 2016 
ISSN 2077-4613 

866 

Nnam, N.M.and N.G. Onyeke, 2003. Chemical composition of two varieties of sorrel (Hibiscus sabdariffa 
L.), calyces and the drinks made from them. Plant Food Hum. Nutr., 58: 1–7. 

Paramee, C., S.  Anchalee and I. Arunporn, 2008 Studies on the optimum conditions for the extraction and 
concentration of roselle (Hibiscus sabdariffa Linn.) extract. Songklanakarin J. Sci. Technol., 30 (1): 
133-139. 

Patil, G., M. C. Madhusudhan, B. B. Ravindra and K. S. M. S. Raghavarao, 2009. Extraction, 
dealcoholization and concentration of anthocyanin from red radish. Chem. Eng. Process: Process 
Intensification, 48(1):  364–369. 

Re, R., N. Pellegrini, A. Proteggente, A. Pannala, M. Yang and C. A. Rice-Evans, 1999. Antioxidant 
activity applying an improved ABTS radical cation decolorisation assay. Free Radical Bio.Med., 26: 
1231-1237. 

Rice-Evans, C. A., N. J. Miller and G. Paganga, 1996. Structure-antioxidant activity relationships of 
flavonoids and phenolic acids. Free Radical Bio. Med., 20(7): 933–956. 

SAS System for Windows (Statistical Analysis System) 2008. Version 9.2. Cary, USA: SAS Institute Inc. 
Shahidi F. and M. Naczk, 2004. Phenolics in food and nutraceuticals. Boca Raton, London, New York, 

Washington DC: CRC Press LLC. p 558. 
Shetty, K., O. F. Curtis, R.E. Le vin, R. Witkowsky and W. Ang, 1995. Prevention of vitrification 

associated with in vitro shoot culture or oregano (Origanum vulgare) by Pseudonomas spp. J. Plant 
Physiol., 47: 447-451. 

Singleton, V. L., R. Orthofer and R. M. Lamuela-Raventos, 1999. Analysis of total phenols and other 
oxidation substrates and antioxidants by means of folin-ciocalteu reagent. Methods Enzymol., 299: 
152-178. 

Sun, Y., X. Liao, Z. Wang, X. Hu and F. Chen, 2007. Optimization of microwave-assisted extraction of 
anthocyanins in red raspberries and identification of anthocyanin of extracts using high-performance 
liquid chromatography–mass spectrometry. Euro. Food Res. Tech., 225:511– 523. 

Tian, F., B. Li, B. Ji, J. Yang, G. Zhang, Y. Chen and Y. Luo, 2009. Antioxidant and antimicrobial 
activities of consecutive extracts from Galla chinensis: the polarity affects the bioactivities. Food 
Chem. 113, 173–179. 

Tsai, P., M. John, P. Philip, C. Blake and R. J. Brian ,2002. Anthocyanin and antioxidant capacity in 
Roselle (Hibiscus Sabdariffa L.) extract .Food Res. Inter. 35: 351–356. 

Vanini, L. S., A. H. Talita, K. Angela and C. Edmar, 2009. Extraction and stability of anthocyanins from 
the Benitaka grape cultivar (Vitis vinifera L.). Braz. J. Food Technol., 12, (3):213-219.  

Wang, H., G. Cao and R. Prior, 1997. Oxygen radical absorbing capacity of anthocyanins. J. Agric. Food 
Chem., 45(2): 304-309. 

Wang, S. Y. and H. S.  Lin, 2000. Antioxidant activity in fruits and leaves of blackberry, raspberry, and 
strawberry varies with cultivar and developmental stage. J. Agric. Food Chem., 48(2): 140–146. 

Wang, S., F. M. Massimo, B Shai and L. Loong-Tak, 2013.Electrospun soy protein isolate-based fiber 
fortified with anthocyanin-rich red raspberry (Rubus strigosus) extracts. Food Res. Inter., 52: 467–
472. 

Wijekoon, M. M. R. Bhat and  A. A. Karim,2011. Effect of extraction solvents on the phenolic compounds 
and antioxidant activities of bungakantan (Etlingera elatior Jack.) in florescence. J.  Food Comp. 
Anal., 24: 615–619. 

Yang, Z. and W. Zhai, 2010. Optimization of microwave-assisted extraction of anthocyanins from purple 
corn (Zea mays L.) cob and identification with HPLC–MS. Innovative Food Sci. Emerg. Tech., 11: 
470-476. 

Yang, Z. D., G. J. Fan, Z. X. Gu, Y. B. Han and Z. G. Chen ,2008. Optimization extraction of 
anthocyanins from purple corn (Zea mays L.) cob using tristimulus colorimetry. Euro. Food Res. 
Tech., 227: 409 – 415. 

Zargar, M., A.H. Azizah, A.M. Roheeyati, A.B. Fatimah, F. Jahanshiri and M.S. Pak-Dek, 2011 “Bioactive 
compounds and antioxidant activity of different extracts from Vitex negundo leaf”, J. Med. Plants 
Res., 5(12) 2525-2532. 

Zheng, W. and S. H. Wang, 2003. Oxygen radical absorbing capacity of phenolics in blueberries, 
cranberries, chokeberries, and lingonberries. J. Agric Food Chem., 51:2122-2127.  


	Table 4: Anthocyanin content and antioxidant activity of hibiscus extracted with different acetic acid solution 



