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Abstract 

Gallic acid is an interesting natural compound because of its antioxidant, anti-inflammatory, antifungal and antitumor properties. 

It is present in relatively high concentrations in a number of biomass sources and in industrial wastes from where it could be 

extracted. Aiming at developing benign and efficient extraction and purification processes for gallic acid, aqueous two-phase 

systems (ATPS) composed of ionic liquids (ILs) and inorganic salts were investigated.  The present investigation was focused on 

improving the feasibility of large scale applications of a solid phase extraction (SPE) procedure dedicated to the recovery of 

polyphenols. Adsorption of polyphenol (gallic acid) on an anion exchange resin, Amberlite IR-400 was studied for purification of 

polyphenols from the pomegranate peel. The work was carried out to understand how the processing parameters can be manipulated 

to optimize the purification of gallic acid for its further use in nutraceutical and functional foods. In this work the effect of pH, 

temperature, speed of agitation and concentration for gallic acid adsorption on anion exchange resin was studied.                 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Pomegranate belongs to Punicaceae family. Punica granatum (Punicaceae), commonly called pomegranate, recently described as 

nature’s power fruit, is a plant used in folkloric medicine for the treatment of various diseases. The Pomegranate has strong 

antioxidant and anti-inflammatory properties, recent studies have demonstrated its anti-cancer activity in several human cancers. 

In addition, pomegranate peel extract with an abundance of gallic acid flavonoids and tannins has been shown to have a high 

antioxidant activity. Antimicrobial drug resistance in human bacterial pathogens is a worldwide issue and as a consequence, 

effective treatment and control of such organisms remain an important challenge. The chemical formula is C6H2(OH)3COOH. 

Gallic acid is found both free and as part of tannins. Salts and esters of gallic acid are termed 'gallates'. Despite its name, it does 

not contain gallium. Gallic acid is commonly used in the pharmaceutical industry. Gallic acid can also be used as a starting material 

in the synthesis of the psychedelic alkaloid mescaline .Gallic acid seems to have anti-fungal and anti-viral properties. Gallic acid 

acts as an antioxidant and helps to protect human cells against oxidative damage. Gallic acid was found to show cytotoxicity against 

cancer cells, without harming healthy cells. Gallic acid is used as a remote astringent in cases of internal haemorrhage. Gallic acid 

is also used to treat albuminuria and diabetes. Gujar et al 2010 [1] has extensively studied extraction of catachin and epicatechin 

from Indian green tea leaves. The detailed study of effect of various operating parameters has been studied in the current work. 

The effect of microwave irradiation on thymol extraction shows increase in the percentage extraction of thymol from ajowain seed 

[2]. This present work deals with extraction and purification Gallic acid from peel of pomegranate to use it to biological and 

chemical test as standard compound by resin adsorption. 

II. EXTRACTION OF GALLIC ACID 

 Materials & Methods 

 Instruments 

Lab equipment was provided by Aavanira Biotech Private Limited, absorbance measurements was made on Thermo UV/Visible 

spectrophotometer with a pair of matched quartz cells of 1 cm width, Elder digital balance used for weighing. 

 Materials 

All Raw materials purchased from local Market Pune. All the chemicals and reagents were of analytical grade and were purchased 

from Gandhi chemicals and Bioresource life science. 

 Selection of Common Solvent 

After assessing the solubility of polyphenol in different solvents Ethanol has been selected as common solvent for developing 

spectral characteristics. 
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 Soxhlet Extraction 

Soxhlet extraction is a procedure for extracting nonvolatile and semi volatile organic compounds from solids such as dry powder, 

peel, soils, sludge’s, and wastes. The Soxhlet extraction process ensures intimate contact of the sample matrix with the extraction 

solvent. 

 Preparation of Pomegranate Peel Extract 

10 gm of pomegranate peel was used with 500 ml of ethanol and kept in an extraction thimble. The extraction thimble drained 

freely for the duration of the extraction period with the condenser attached to the top of the soxhlet apparatus. Soxhlet extraction 

was conducted for about 8 hours and the crude extract was used as a raw material for adsorption. The maximum amount of gallic 

acid is 0.35 mg/10 gm of peel of pomegranate. 

 Pretreatment of Adsorbent 

10 gm of anion exchange resin Amberlite IR 400 was weighed and taken in a 250 ml conical flask. The adsorbent was washed 

with distilled water, then with 15 times w/v 0.5 (N) HCl and 0.5 (N) NaOH, and finally again with distilled water till neutral pH 

was obtained. 

 Batch & Continues Adsorption Study 

10 g of pretreated resin suspended in buffer was kept in a 250 ml of conical flask. 50 ml of pomegranate peel extract (in 50% 

aqueous-ethanolic solution) with known polyphenol concentration was added to each flask. The flasks were kept in a shaking 

incubator maintained at 120 rpm and 25°C until adsorption equilibrium was reached. The temperature range was varied from 25-

40°C, and pH of the buffer solution was varied from 4-7. The buffer pH of 4-5.5 were obtained using citrate buffer (an equimolar 

(0.1 M) mixture of citric acid and tri-sodium citrate). For pH 6-6.5, phosphate buffer (an equimolar (0.2 M) mixture of sodium di-

hydrogen phosphate and di-sodium hydrogen phosphate) were used. The adsorptive capacity of the resin is represented by the 

following expression. [3] 
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 Where, Q= adsorptive capacity in mg/L, Ci is the concentration of the solution before adsorption in mg/ml, C0 is the 

concentration of the solution after adsorption in mg/ml, V is the volume of the solution in ml, Vr is the volume of the resin. 

Percentage of adsorption (%) was calculated from the following expression [4]: 
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Where, qi is the initial gallic acid (mg GAE/gm dry wt), qt is the gallic acid concentration after time t (min)[5] 

III. RESULTS & DISCUSSION 

 Batch adsorption 

 Effect of pH on the Adsorptive Capacity for Batch Adsorption 

The pH value of the aqueous solution is an important controlling parameter in any adsorption process. The pH value can affect the 

process by affecting the surface charge of adsorbent, the degree of ionization and speciation of adsorbate during adsorption. Thus, 

the effect of pH in the solution on the adsorption percentage of polyphenol on amberlite IR 400 resin was studied at a pH range of 

4.0-7. The experiment was performed with an initial polyphenol concentration of 5.65 mg/ml, at 25°C with a contact time of 180 

minutes [5] 

 
Fig. 1: (A) Kinetic Curve on Adsorptive Capacity in pH range of 4.0-7, (B) Effect of pH on Adsorption Percentage (%) 
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 It was observed that maximum of the gallic acid was absorbed by resin in first one and half hour from initialization of adsorption. 

It was also observed that pH of solution has a significant effect on adsorption process. With 10 gm of resin and 180 minutes contact 

time it was observed that at pH 4, adsorption was 69 %, it increases to 76 % at pH value 4.5, it also gradually increases to 87 % 

and 91 % at pH 5 and pH 5.5 respectively. But its adsorption percentage decreases to 71 % and 64 % at pH 6 and pH 7 respectively. 

This phenomenon can be explained on the basis of decrease in competition between the charged ions for the same functional group 

of the resin. A change of the H3O+ concentration in the solution results in the change in the ratio of protonated/ unprotonated 

polyphenolic compounds. Protonation of these polyphenolic compounds significantly changes their charges as well as the affinity 

to negatively charged adsorption resin Amberlite IR 400 [5]. 

 Effect of Temperature for Batch Adsorption 

Temperature is also one of the major factors affecting the biosorption process. In this study, 50 ml of polyphenol solution with 

initial polyphenol concentration of 5.65 mg/ml was treated. Observation of effect of temperature on adsorption percentage (%) and 

kinetic curve of adsorptive capacity of pomegranate peel on amberlite IR-400 resin in the for temperature ranging from 25°C to 

40°C pomegranate peel. It was observed that maximum of the gallic acid was absorbed by resin in first one and half hour from 

initialization of adsorption. It was also observed that temperature of solution has an effect on adsorption process [5]. 

   
Fig. 2: (A) Kinetic curve on adsorptive capacity in range of 25-40°C, and (B) Effect of Temperature on adsorption percentage (%) 

 With 10 gm of resin and 180 minutes contact time it was observed that at temperature 250C, adsorption was 84 %, it decreases 

to 73 % at temperature value 30 0C, it also gradually decreases to 67 % and 58 % at temperature 350C and temperature 40 0C 

respectively.  The gradual decreases in gallic acid adsorption percentage indicate the exothermic nature of the adsorption process. 

To avoid compound loss, plant extracts prepared at elevated temperature should be cooled before applying to adsorption columns. 

 Effect of RPM for Batch Adsorption 

Speed of agitation is also one of the major factors affecting the biosorption process. In this study, 50 ml of polyphenol  solution 

with initial polyphenol concentration of 5.0 mg/ml was treated with the 10 g of resin for 180 minutes at RPM ranging from 30 rpm 

to 120 rpm. 

   
Fig. 3: (A) Kinetic Curve on Adsorptive Capacity in the RPM Range of 30-120 RPM, and (B) Effect of RPM on Adsorption Percentage (%) 

 The effect of RPM on % adsorption and kinetic curve of adsorptive capacity of pomegranate peel on amberlite IR-400 resin in 

the RPM ranging from 30 rpm to 120 rpm for pomegranate peel. It was observed that maximum of the gallic acid was absorbed by 

resin in later hour from initialization of adsorption. It was also observed that temperature of solution has an effect on adsorption 

process. With 10 gm of resin and 180 minutes contact time it was observed that at 30 RPM, adsorption was 56 %, it increases to 
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58 % at 60 RPM, it also gradually increases to 61 % and 64 % at temperature RPM 90 and 120 RPM respectively.  The gradual 

increases in gallic acid adsorption percentage indicate the increase in adsorption due to consistent rotation of the adsorption process. 

 Effect of Concentration for Batch Adsorption 

In this study, 50 ml of polyphenol solution with initial polyphenol concentration of 1.0 mg/ml was treated with the 10 g of resin 

for 30 minutes at temperature ranging from 25°C to 40°C. 

    
Fig. 4: Kinetic curve on adsorptive capacity in the concentration range (2-10 mg/ml) and Effect of concentration on adsorption percentage (%) 

 Effect of concentration on adsorption percentage (%) and kinetic curve of adsorptive capacity of pomegranate peel on amberlite 

IR-400 resin in the concentration range of 2-10 mg/ml for pomegranate peel It was observed that concentration of solution has an 

impact on adsorption process. With 10 gm of resin and 180 minutes contact time it was shows that at concentration 2 mg/ml, 

adsorption was 54 %, it increases to 67 % at concentration 4 mg/ml, and it also gradually increases to 82 % and 86 % at 

concentration 6 mg/ml and concentration 8 mg/ml respectively. But its adsorption percentage decreases to 74 % at concentration 

10 mg/ml. The reason of decrease in adsorption percentage is probably due to the equilibrium of adsorption capacity with resin. 

 Continuous Adsorption 

 Effect of pH on the Adsorptive Capacity 

 The pH value of the aqueous solution is an important controlling parameter in any adsorption process. The pH value can affect 

the process by affecting the surface charge of adsorbent, the degree of ionization and speciation of adsorbate during adsorption. 

 Thus, the effect of pH in the solution on the adsorption percentage of polyphenol on amberlite IR 400 resin was studied at a 

pH range of 4.0-6.5. The experiment was performed with an initial polyphenol concentration of 5.65 mg/ml, at 25°C with a 

contact time of 180 minutes. 

 It was observed that maximum of the gallic acid was absorbed by resin in first one and half hour from initialization of 

adsorption. It was also observed that pH of solution has a significant effect on adsorption process. 

   
Fig. 5: (A) Kinetic curve on adsorptive capacity in the pH range of 4-7, and (B) Effect of pH on adsorption percentage (%) 

 With 10 gm of resin and 180 minutes contact time it was observed that at pH 4, adsorption was 59 %, it increases to 78 % at pH 

value 4.5, it also gradually increases to 89 % and 91 % at pH 5 and pH 5.5 respectively. But its adsorption percentage decreases to 

79 % and 72 % at pH 6 and pH 7 respectively. 
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 Effect of Temperature for Continuous Adsorption 

Temperature is also one of the major factors affecting the biosorption process. In this study, 50 ml of polyphenol solution with 

initial polyphenol concentration of 5.65 mg/ml was treated with the 10 g of resin for 180 minutes at temperature ranging from 

25°C to 40°C. 

 
Fig. 6: (A) Kinetic curve on adsorptive capacity in the temperature of range 25-40 0C, and (B) Effect of Temperature on adsorption percentage 

(%) 

 Observation of Effect of Temperature on adsorption percentage (%) and Kinetic curve of adsorptive capacity of pomegranate 

peel on amberlite IR-400 resin in the Temperature range of 25-40 0C for pomegranate peel: 

 The gradual decreases in gallic acid adsorption percentage indicate the exothermic nature of the adsorption process. To avoid 

compound loss, plant extracts prepared at elevated temperature should be cooled before applying to adsorption columns. 

IV. CONCLUSION 

The above work was carried out to get a better understanding on how the processing parameters can be manipulated for 

optimization of adsorption based purification of pomegranate peel for gallic acid. The present study of biosorption of gallic acid 

on an ion exchange resin shows that the adsorption process is dependent on the pH, temperature, rpm and concentration of the 

solution. The adsorption capacity was low at slightly acidic medium (pH 4.0) and gradually increased with increasing pH values 

up to pH 5.5., adsorption percentage of total polyphenol decreases with increasing temperature, adsorption percentage have less 

effect on change in rpm but increases with increase in rpm, for concentration in increases gradually with increase in concentration 

up to equilibrium and the decreases. Adsorption capacity was highest at 25°C and gradually decreased with increase in temperature 

indicating the exothermic nature of adsorption. It was found that at pH 5.5 and 25°C temperature, the adsorption of total polyphenol 

by Amberlite IR-400 was found maximum. 
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