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Abstract 
Anthocyanins are natural plant pigments that have numerous beneficial effect for plant as well as for 

humans. Anthocyanin protects plants from UV radiation, infection, injury and stress. Health benefits of 

anthocyanins are innumerable. The aim of this work is to extract anthocyanin like compound from 

Punica granatum (pomegranate) peel, which is discarded as waste after the consumption of fruit. Both 

dried peels and fresh peels of pomegranate were used in this study. The idea is to obtain something 

valuable from waste, which can be used in a beneficial way. Anthocyanins were extracted from peel by 

extraction with methanol and by using soxhlet apparatus. Quantification of anthocyanins were done by 

pH differential method. Antioxidant assays such as DPPH assay and ABTS assay were carried out. 

Antimicrobial studies with bacteria and fungi were also carried out by agar well diffusion method and a 

good zone of inhibition was obtained, which shows that pomegranate peel is rich in antimicrobial 

activity. Antioxidant and antimicrobial properties were greater for dried peel in comparison with fresh 

peels. The extracted anthocyanins can be used as natural colorant, this may be good replacement for 

chemical colorant. Anthocyanin based colorants are approved for food use all over the world, however 

there are some regulatory differences among countries. 
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Introduction 

Anthocyanins are widespread in plant 

kingdom and are observed mostly in fruits, 

flowers, leaves and cereal grains. Cyanidinn, 

delphinidin, peonidin, petunidin, malvidin and 

pelargonidin are the naturally occurring 

anthocyanins in plants [1,2]. Anthocyanins 

belong to group of compounds called flavonoids 

[3,4]. Anthocyanins are affected by structural 

modifications with hydroxyl, methoxyl, glycosyl 

especially acyl group by environment factors 

such as pH, temperature [5]. Stability of 

anthocyanins also depends on their chemical 

structure, concentration, oxygen, light, enzymes, 

metal ions and various storage conditions [1].  

Anthocyanins act as antioxidants or free 

scavengers that prevents oxidative stress [6,7]. 

Evaluating antioxidant capacity of extract is 

helping in the areas of nutrition and food 

technology [8]. Anthocyanins in plants plays 

important role such as pigmentation, growth, 

reproduction, radical scavenging, signaling, 

defense from pathogens and parasitic attack. It is 

also produced in response to invading fungus, 

stress, injury, infection and UV irradiation [9]. 

Anthocyanins are used as traditional medicines 

in humans because of their ability to treat 

diseases such as hypertension, pyrexia, liver 

disorder, dysentery, diarrhea, urinary problem 

and common cold [3].They are good in fighting 

against degenerative diseases such as cancer, 

cardiovascular disease, diabetes, alzheimers’s 

disease and ageing [10,11]. Anthocyanins are 

well known to reduce serum cholesterol, 

triglyceride, High density lipoprotein, enhance 

low density lipoprotein, inhibit atherosclerosis, 

regulate blood fat and prevent high blood 

pressure [12].  

Anthocyanins have anti-inflammatory, 

antimutagenic and cancer chemo-preventive 

ability. In addition to that it has protective effect 

against gastric damage, collagen degradation, 

hepatic damage and increase cognitive 

performance [13, 14] Anthocyanin content is 

high in black rice [15] Acetylated procyanidin is 

the commonly found anthocyanin in colored rice 
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which possess antioxidant properties [7]. 

Sources of anthocyanins are berries, jabuticaba, 

rose, blueberries, raspberries, grapes, red-

cabbage, raddish, apple,Tulips, orchids, 

mulberries. Anthocyanins being harmless make 

them to be used as natural water soluble colorant 

[16]. 

Materials and methods  

Plant material 

The studies were performed using the 

peels of Punica granatum (pomegranate) peel 

which were commercially grown in India. Fruits 

were procured from local market in Chennai. 

Fruits were manually peeled and employed for 

further extraction process. 

Sample preparation  

 Two kinds of samples were used in this 

study. One sample was freshly peeled, 

homogenized and kept for extraction process 

while another sample was dried at 40°C in hot 

air oven, the dried sample was later powdered 

and then used for subsequent extraction process.  

Extraction methods  

Extraction using methanol 

The extraction was carried according standard 

procedures [17] with slight modifications. 100 g 

of the manually separated peels were extracted 

with 400 ml methanol. The extraction mixture 

was well decanted and filtered on filter paper 

and the filtrate was then evaporated at 40 °C in 

the dark obtaining a yellow brown residue from 

peels (about 10 g) that were stored at -18°C.  

Extraction in soxhlet apparatus 

 100 g of the powdered peels were 

extracted with 400 ml of methanol in a Soxhlet 

extractor in the dark. The obtained solution was 

evaporated at 40°C in the dark obtaining a 

yellow brown residue that was stored at 
_
18°C. 

Quantification of anthocyanin like compound 

 Monomeric anthocyanin pigments 

undergo color change with a change in pH. The 

difference in the absorbance of the pigments at 

520 nm is proportional to the concentration of 

the pigment. This method is accurate and allows 

rapid measurements of total anthocyanins. The 

total anthocyanin content (TAC) was determined 

by the pH-differential method [18]. 10 mg/ml 

extract dissolved in DMSO and 210 µl of this 

extract was diluted in 2 separate solutions, one of 

pH 1.0(0.1 M HCl, 25 mM KCl) and other of pH 

4.5 (0.4 M CH3COONa) and final volume was 

made upto 1ml. The absorbance of the mixtures 

was then measured at 535 and 700 nm against 

methanol as blank. The value (Abs535
_
 Abs700) 

pH1.0
_
 (Abs535

 _
 Abs700) pH4.5 corresponds to the 

absorbance due to the anthocyanins. Calculation 

of the anthocyanins concentration was based on 

a cyanidin-3-O glucoside molar extinction 

coefficient of 25,965 M
-1

×cm
-1

 and a molecular 

mass of 449.2 g/mol. Results were expressed as 

micromoles cyanidin-3-O-glucoside equivalents 

(CGE) per gram of dry extract [17]. 

 

C(mg/l)  =   A× MW× DF× 1000 

                                  ε × l 

Where MW is the molecular weight, DF is the 

dilution factor, and ε is the molar absorptivity,  

l is the path length calculate pigment content as 

cyanidin-3-glucoside, where MW = 449.2 and  

ε= 26,900 

Purification of anthocyanin like compound 

The extracts contained some impure compounds 

such as free sugars and aliphatic acids which 

were removed using gel filtration column 

chromatography. In the study [19] they used 

sepadex LH-20 column for the purification of 

anthocyanin like compound. But in our study we 

used Q sepharose instead of sephadex LH-20 to 

check efficiency. These columns adsorb 

bioactive compounds like anthocyanins. Then, 

the adsorbed anthocyanin like compound was 

eluted using methanol/water/ 1M HCl in the ratio 

of 50:50:01. 

Antioxidant assays 

DPPH assay 

 The scavenging activity was determined 

by the method described by Okonogi [20]. 10 

mg/ml extract was diluted in methanol. Then 100 

µl from previously diluted extract was again 

diluted with methanol and final volume was 

made upto 1ml. Test tubes with varying 

concentrations of extract (10, 20, 30, 40 and 

50µg) was taken and the final volume was made 

upto 1 ml using methanol. 3 ml of DPPH 

solution with absorbance 1 at 517 nm was added 

to each test tube and incubated in dark for 15 

min. Absorbance value was taken at 517 nm. 

The free radical scavenging activity (RSA) as 

determined by the decolouration of the DPPH 

solution was calculated according to the formula: 
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Radical Scavenging Ability (%)= [ (1– A test)/A 

blank x 100] 

Where A test is the absorbance of the reaction 

mixture, and A blank is the absorbance of the 

blank test. Assays were carried out for both fresh 

and dried samples. 

ABTS Assay 

 The scavenging activity was determined 

by the method described by Re [21]. 10 mg/ml 

extract was diluted in methanol. Then 100 µl 

from previously diluted extract was again diluted 

with methanol and final volume was made upto 

1ml.Test tubes with varying concentrations of 

extract (10, 20, 30, 40, and 50 µg) were taken 

and the final volume was made upto 1ml using 

methanol.3ml of ABTS solution with absorbance 

1 was added to each test tubes and incubated in 

dark for 30 min. Absorbance value was taken at 

734 nm. Methanol was used as blank. The 

scavenging rate of ABTS was calculated on the 

basis of following formula: 

Radical Scavenging Ability (%) = [ 1– (A test/A 

blank ) x 100]where A test is the absorbance of the 

reaction mixture, and A blank is the absorbance of 

the blank test. Assays were carried out for both 

fresh and dried samples. 

Antimicrobial assay 

Antibacterial assay 

 The antibacterial activity of extract was 

evaluated by agar well diffusion method using 

nutrient agar, for the assay. The bacteria 

available in our laboratory were used for this 

study, among them 3 bacteria were gram positive 

(Bacillus cereus Staphylococcus aureus, 

Streptococcus mutans,) and 3 were gram 

negative (E. coli, Pseudomonas aeruginosa, 

Salmonella typhi). The microorganism was 

activated by inoculating a loopful of the strain in 

the nutrient broth (25 ml) and incubated at room 

temperature on a rotary shaker.  The culture was 

then swabbed using sterile cotton swabs. For the 

agar well diffusion, well was made in the plates. 

The test compound 10mg was diluted in 1ml 

DMSO and then varying concentrations of 

extract (100, 200, 300, 400 and 500 µg) was 

introduced into the well and all the plates were 

incubated at 37 °C for 24 h. 

Antifungal assay 

 The antifungal activity of extract was 

evaluated by agar well diffusion method using 

potato dextrose agar, for the assay. The 

microorganisms available in our laboratory were 

used in this study, they are Aspergillus flavus, 

Aspergillus niger and Candida albicans species. 

The microorganism was activated by inoculating 

a loopful of the strain in the potato dextrose 

broth (25 ml) and incubated at room temperature 

on a rotary shaker. The culture was then 

swabbed using sterile cotton swabs. Then 0.2 ml 

of inoculum was inoculated into the potato 

dextrose agar media using swab method. For the 

agar well diffusion, well was made in the plates. 

The test compound 10mg was diluted in 1ml 

DMSO and then varying concentrations of 

extract (100, 200, 300, 400 and 500 µg) was 

introduced into the well and all the plates were 

incubated at 37 °C for 24-48h. 

Results and discussions 

Extraction of anthocyanins 

 The aim of this study is to extract 

anthocyanins from fresh and dried Punica 

granatum (pomegranate) peel. Methanol was 

used as solvent for extraction of anthocyanins 

from fresh sample and for dried sample 

extraction of anthocyanins was carried out in 

soxhlet apparatus.According to the results 

obtained, extraction using dried sample gave 

higher yield of anthocyanins. 

Quantifications of anthocyanins 

 pH differential  method was utilized to 

determine total anthocyanin content of 

pomegrante peel.  Anthocyanin undergoes 

reversible color change with a change in pH. 

Samples were diluted in aqueous solution at pH 

1.0 and 4.5 buffers and absorbance 

measurements were recorded at 535 nm and 

700nm. Monomeric anthocyanin pigments is 

responsible for the difference in absorbance 

between the two buffer solutions .The total 

anthocyanin content (TAC) of the pomegranate 

peel was found to be 0.069 (mg/L) for fresh 

sample and 0.207 (mg/L) for dried sample, 

which is very low when compared to the total 

anthocyanin content of grapes which ranges 

from 25.56 to 460 mg/L [22] (Table 1). 

Table 1. Quantification of anthocyanins 

Method Samples 
Yield before   
purification, 

mg/L 

Yield after 
purification, 

mg/L 

Methanol Fresh 0.069 0.24 

Soxhlet 
apparatus 

Dried 0.207 0.46 
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Antioxidant assays 

 Pomegranate peel has high range of 

antioxidant and antimicrobial properties. 

Antioxidant properties of extract was accessed 

by two assays(DPPH assay, ABTS assay). This  

Studies shows that dried sample contain 

comparitively high range of antioxidant 

properties than fresh sample.IC 50 values for 

fresh samples are 49µg/ml for DPPH assay,14 

µg/ml for ABTS assay. IC50 values for dried 

samples are 13 µg/ml for DPPH assay,14µg/ml 

for ABTS assay. These values are more or less 

similar to the studies carried to determine the 

antioxidant capacity of flowers and roots of 

Pyrostegia venusta [23] (Fig. 1 and 2) 

 

Fig. 1. DPPH assay for fresh and dried sample 

 

Fig. 2. ABTS assay for fresh and dried sample

Antimicrobial activity 

Antibacterial assay 

 Antimicrobial activity of investigated 

dried and fresh samples is almost same. From the 

results obtained, clear zone of inhibition could 

be seen  even at least concentration of 100µg. 

Minimum inhibitory concentration were 

obtained for extract ranging from 0.1 mg/ml to 

0.5 mg/ml. The extract has inhibition effect on 

both gram positive and gram negative bacteria. 

The diameter of the zone of inhibition was 

measured and is tabulate below (Table 2) (Fig. 3 

to 8) 

Table 2. Zone of inhibition in selected bacterial species (cm) 

Species 

Zone of inhibition (cm) 

Fresh samples, µg Dried samples, µg 

100 200 300 400 100 200 300 400 

Staphylococcus 1.3 1.5 1.6 1.9 1.2 1.7 1.8 2 

Streptococcus 1.1 1.4 1.5 1.7 1.1 1.3 1.4 1.4 

Bacillus 1.3 1.7 1.9 2 1.3 1.7 1.8 1.9 

E.coli 1.1 1.2 1.5 1.7 1.1 1.5 1.6 1.7 

Pseudomonas 1.1 1.5 1.6 1.7 1.4 1.6 1.9 2 

Salmonella 1.1 1.4 1.5 1.7 1.1 1.5 1.6 1.7 
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Fig. 3. Zone of inhibition against Staphylococcus 

aureus                                  

 
Fig, 4. Zone of inhibition against Streptococcus 

mutans 

 

Fig. 5. Zone of inhibition against Bacillus cereus 

 

Fig. 6. Zone of inhibition against E. coli 

 

Fig. 7. Zone of inhibition of                         

Pseudomonas aeruginosa  

 

Fig. 8.   Zone of inhibition of Salmonella typhi 

Antifungal assay 

The extract is capable of inhibiting fungal 

species also. Antifungal activity of investigated 

dried and fresh samples are almost same. From 

the results obtained, clear zone of inhibition 

could be seen  even at least concentration of 

100µg. Minimum inhibitory concentration were 

obtained for extract ranging from 0.1 mg/ml to 

0.5 mg/ml. The diameter of the zone of 

inhibition was measured and is tabulate below 

(Table 3) (Fig. 9 to 11).  

 
Fig. 9. Zone of inhibition of Aspergillus niger      

 
Fig. 10. Zone of inhibition of Aspergillus flavus 

 

Fig. 11. Zone of inhibition of Candida 
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Table 3. Zone of inhibition in selected fungal species (cm) 

Species 

Zone of inhibition (cm) 

Fresh samples, µg Dried samples, µg 

100 200 300 400 100 200 300 400 

A. niger 1.1 1.3 1.5 1.5 1.2 1.4 1.5 1.6 

A. flavus 1.1 1.2 1.4 1.5 1.1 1.4 1.5 1.6 

Candida 1.1 1.1 1.4 1.5 1.2 1.4 1.5 1.7 

Conclusions 

Anthocyanin like compound were identified in 

Punica granatum (pomegrnate) peel, and were 

extracted. Methods used for extraction are 

dissused in this study. This study states that 

pomegranate peel exhibit strong antioxidant and 

antimicrobial activity and the results are also 

given for these assays. Therefore pomegranate 

peel instead of being waste can be used in  a 

beneficial way. This study is a new approach to 

extract anthocyanin like compound from Punica 

granatum peel. The anthocyanin like compound 

extracted has a wide range of applications, they 

can be used in food industries ,cosmetics and 

pharmaceuticals. The extracted anthocyanin like 

compound will be subject for GCMS and HPLC 

anysis for further studies. 
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