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ABSTRACT 

 

Pomegranate is known to have valuable nutrients and contains various bioactive 

compounds found in the fruit's peel. The utilization of these bioactive compounds 

could be used as herbal medicines and supplements, such as antioxidants. This 

study aimed to determine the antioxidant capacity, phytochemical profile, and 

pomegranate peel extract grouping using different extracting solvents. The 

extraction solvents used were water, 70% ethanol, and ethanol pro analysis (p.a) 

grade. The antioxidant capacity of the three extracts was measured using DPPH 

and CUPRAC methods. We also determined the total phenolic and flavonoid 

levels and the TLC fingerprint analysis and FTIR spectrum of the pomegranate 

peel extracts. The 70% ethanol extract owned the largest antioxidant capacity. It 

was significantly different from the other two extracts with a value of 358.67 and 

2981.59 µmol trolox/g dried sample using the DPPH and CUPRAC methods, 

respectively. The three pomegranate peel extracts' total phenolic and flavonoid 

levels ranged from 287.26–1068.81 mg GAE/g dried sample and 0.24-0.75 mg 

QE/g dried sample. TLC fingerprint analysis of pomegranate peel extract yielded 

2, 6, and 6 bands for water extract, 70% ethanol, and p.a ethanol, respectively. The 

three extracts can be grouped based on FTIR spectrum data using principal 

component analysis using three principal components with a total variance of 

93%. The results obtained showed that using different extracting solvents provides 

different antioxidant capacities and phytochemical profiles. 

 

Keywords: Antioxidant, FTIR spectra, Punica granatum, TLC fingerprint analy-

sis, Principal component analysis 
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Introduction 

Pomegranate (Punica granatum L.) is a plant 

that belongs to the Lythraceae family, easy to 

grow in almost all climates spread in subtropical 

to tropical areas, from lowlands to highlands 1000 

m above sea level. Several studies have reported 

that pomegranate has several biological activities, 
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such as antioxidants, antiviral, antidiabetic, anti-

diarrheal, anticancer, antiproliferative activity, 

antitumor, antimicrobial, and anti-inflammatory 

[1-5]. Antioxidant compounds known could 

inhibit reactive oxygen species, reactive nitrogen 

species, and other free radicals, so the damage of 

normal cells, proteins, and fats can be prevented, 

preventing degenerative diseases [6]. 

The demand for pomegranate for consumption 

worldwide is increasing due to its high nutritional 

value and antioxidant activity [7]. One of the 

pomegranate parts that has been known to have 

antioxidant activity is pomegranate skin [8]. Peel, 

inner lamellae, and consumed part are 38%, 10%, 

and 52% of the total fruit weight. Pomegranate 

peel has a higher antioxidant activity than flowers, 

leaves, and seeds [9]. This activity is due to the 

high content of phenolic compounds such as 

phenolic acids, flavonoids, and tannins, which are 

generally antioxidants in pomegranate skin [10]. 

Pomegranate has high amounts of protein, organic 

elements, and volatile compounds (alcohols, 

esters, and aldehydes) [11]. 

The value of pomegranate peel antioxidant 

capacity can be influenced by the number of anti-

oxidant compounds extracted and several factors 

in the extraction process. The extraction time, 

temperature, concentration, and polarity of the 

extracting solvent used affect the extraction 

efficiency [12, 13]. Based on their chemical pro-

perties, various phytochemical compounds are 

extracted in solvents with different polarities. No 

single solvent can be relied on to extract all 

phytochemical compounds whose ends will affect 

the antioxidant capacity value generated in a 

sample [14]. 

Extraction of phytochemical compounds, 

especially like the phenolic group, using ethanol, 

methanol, glycerol, and their aqueous solution, are 

common and efficient as solvent extraction [15]. 

As we know, there is more attention in using water 

and ethanol as extraction solvents because of their 

safety [16]. From the previous studied, ethyl 

acetate, acetonitrile, and water were used to 

extract metabolites from pomegranate peel [17].  

Therefore, this study evaluated and determined the 

extracting solvents (water, 70% ethanol, and 

ethanol p.a.) that provide high antioxidant 

compounds such as phenolics and total flavonoids 

from pomegranate peel extract. We also per-

formed metabolite fingerprinting using thin-layer 

chromatography (TLC) and FTIR spectrum to see 

the differences in each extract's phytochemical 

profile. 

 

Material and Methods 

Sample preparation and extraction 

The pomegranate is separated between the 

peel and the fruit. The pomegranate peel is cleaned 

and then dried under the sun for one day. We 

found the dried pomegranate peel's moisture con-

tent about 6.71 ± 0.14 (mean ± standard deviation, 

n = 3). Samples were ground using a disk mill 

FFC-15 (Shan Dong Ji Mo Disk Mill Machinery, 

China) and filtered to a size of 100 mesh. Dried 

pomegranate peel weighed about 200 grams and 

then extracted by maceration using three extract-

ing solvents: water, 70% ethanol, and ethanol p.a. 

The ratio of the sample weight to the extracting 

solvent is 1:10 and macerated for 2 × 24 hours. 

The filtrate obtained was concentrated using a ro-

tary evaporator R-100 (Buchi, Flawil, Switzer-

land) at room temperature. 

 

Determination of total phenolics content  

We used a procedure described in Indonesia 

Herbal Pharmacopeia 1st edition [18] to determine 

the total phenolics content. Pomegranate peel 

extract was weighed about 5 mg and dissolved 

with methanol in a 25 mL volumetric flask. The 

calibration curve was prepared by diluting gallic 

acid in 5 different concentrations as 10, 30, 50, 70, 

and 100  (mg/L) with methanol as a solvent. A 

total of 1 mL of the sample or standard solutions 

were put into a test tube, then added 5 mL of 7.5% 

Folin Ciocalteau reagent, homogenized with a 

vortex, then incubated in a dark room for 8 

minutes. The incubated samples were added with 

4 mL of 1% NaOH, homogenized by vortex, and 

re-incubated in a dark room for 1 hour. 

Measurements were made using a UV-Vis 

spectrophotometer U-2800 (Hitachi, Tokyo, 

Japan) at a wavelength of 730 nm. Total phenolics 

content in each extract was expressed in mg gallic 

acid equivalent (GAE)/g dried sample. We 

performed the total phenolics content in triplicate.  

 

Determination of total flavonoids content 

Total flavonoids content was determined using 

a procedure described in Indonesia Herbal Phar-

macopeia 1st edition [18]. The pomegranate peel 

extract was weighed about 0.3 g added with 1 ml 

of 0.5% hexamethylenetetramine, 20 mL acetone, 

and 20 mL of 25% HCl solution. The mixture was 
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then hydrolyzed by reflux for 30 minutes and was 

filtered, then put filtrate into a 100 mL volumetric 

flask, and added acetone up to 100 mL. A total of 

20 mL of the diluted filtrate was taken and then 

put into a 250 mL separating funnel, 20 mL of dis-

tilled water was added and extracted twice. The 

ethyl acetate fraction was put into a 50 mL volu-

metric flask. The calibration curve was prepared 

by diluting quercetin in 5 different concentrations 

as 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 (mg/L) with meth-

anol as solvent. A total of 10 mL of sample extract 

or standard solution was added with 1 mL of 2% 

AlCl3 (dissolved by 5% glacial acetic acid in meth-

anol). Measurements were made 30 minutes after 

adding AlCl3 using a UV-Vis spectrophotometer 

at a wavelength of 425 nm. Total flavonoid con-

tent in each extract was expressed in mg quercetin 

equivalent (QE)/g dried sample, and we measured 

in three replication. 

 

Determination of antioxidant capacity 

DPPH radical scavenging activity  

The pomegranate peel extracts' antioxidant 

capacity was measured using the DPPH method 

according to the procedure described by Salazar-

Arandra et al. [19]. In 96 well plates, 40 µL of 

pomegranate peel extract solution was mixed with 

250 µL of DPPH 125 µM solution (dissolved in 

ethanol). The solution was incubated for 30 

minutes in a dark room at room temperature. 

Absorbance was measured using a microplate 

reader (Epoch-Biotek, Winooski, USA) at a wave-

length of 515 nm using ethanol as the blank. 

Trolox solutions were prepared in 6 different 

concentrations from 25-150 µM with ethanol p.a. 

The antioxidant capacity was expressed in µmol 

trolox equivalent/g dried sample and measured in 

triplicate. 

 

Cupric ion reducing antioxidant capacity  

We followed a procedure described by Ozturk 

et al. [20] for measuring the cupric ion reducing 

antioxidant capacity (CUPRAC) of the pomegra-

nate peel extracts. Approximately 40 µL of extract 

solution, 50 µL 10 mM CuCl2, 50 µL 7.5 mM 

neocuproine, and 60 µL NH4CH3COOH (1 M, pH 

7) were added to 96 well plates with a total volume 

of 200 µL. The mixture was incubated for one 

hour, and after that, the absorption was measured 

at a wavelength of 450 nm with a microplate 

reader (Epoch-Biotek, Winooski, USA). Trolox 

solutions were prepared in a concentration range 

of 0-700 µM in ethanol p.a. The antioxidant 

capacity is expressed in µmol trolox equivalent/g 

dried sample with triplicate measurement. 

 

TLC fingerprint analysis 

Each extract was dissolved in methanol with a 

10,000 µg/ml concentration and spotted using a 

semiautomatic CAMAG Linomat 5 (Muttenz, 

Switzerland) TLC of 20 µm on a 10 × 14 cm TLC 

plate. The eluent used is a mixture of acetone: 

methanol: toluene: water with a ratio of 4: 2: 4: 1 

and saturated in a chamber for 30 minutes. After 

saturation, the TLC plate was eluted until it 

reached the finish line and was detected using UV-

Vis at 254 nm and 366 nm using CAMAG 

Reprostar 3 (Muttenz, Switzerland). After directly 

detecting UV, the TLC plate was stained with 10% 

sulfuric acid in methanol by immersion. After that, 

the TLC plate was dried and heated for 10 minutes 

at 105°C. After heating, the plate obtained was 

detected again using UV-Vis with the same 

wavelength. We performed TLC fingerprint 

analysis in duplicate. 

 

Measurement of FTIR spectra  

Accurately weighed 2 mg of pomegranate peel 

extract, then mixed with 200 mg of potassium 

bromide with a mortar, then made pellets using 

manual compression. FTIR spectra were measured 

in the FTIR spectrophotometer Tensor 37 (Bruker, 

Ettlingen, Germany) equipped with a deuterated 

triglycine sulfate detector. FTIR spectra were 

recorded in the region of 4000-400 cm-1 with a 

resolution of 4 cm-1 and 32 scans/min controlled 

by OPUS 4.2 software (Bruker, Ettlingen, 

Germany). FTIR spectra were stored as a data 

point table, and we measured for each extract five 

times. 

 

Data analysis 

The reported results were expressed as mean ± 

standard deviation (SD) from a triplicate measure-

ment. Analysis of variance (ANOVA) followed by 

Duncan's test was performed to compare data be-

tween aqueous, 70% ethanol, and ethanol p.a. ex-

tract. Significant differences were defined at the 

5% level (p < 0.05). Clustering of pomegranate 

peel extracts was conducted using principal com-

ponent analysis (PCA) with absorbance data from 

FTIR spectra as a variable. We used XLStat ver- 
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sion 2019.4.1 (Addinsoft, New York, United 

States) for performing ANOVA and PCA. 

Results and Discussions 

Total phenolics and flavonoid content of 

pomegranate peel extracts 

Phenolic compounds are known as chemical 

compound classes with antioxidant properties 

[21]. The phenolics content in a plant could be 

used to indicate high or low antioxidant activity. 

The total phenolic content is generally determined 

using the Folin Ciocalteau method, although the 

Folin Ciocalteau reagent can react with other 

oxidizable compounds so that it is not too specific 

[22]. The pomegranate peel's total phenol levels 

were obtained at 287.26-1068.81 mg GAE/g dried 

sample using water solvent, 70% ethanol, and 

ethanol p.a. solvent. 

Flavonoids are one of the phenolic group com-

pounds with a free radical scavenger activity and 

are usually contained in all parts of the plant. 

However,  each extract's total flavonoids were not 

the most significant contributor to phenolic com-

pounds' presence. This is because the total flavo-

noid analysis method using AlCl3 as a complex-

forming reagent only reacts to flavones and 

flavonols [23]. We found total flavonoid content 

in each pomegranate peel extract was 0.25-0.75 

mg QE/g dried sample. 

Based on the total phenolic and flavonoid 

content measurements in the extract (Table 1), 

70% ethanol extract was higher than water and 

ethanol p.a extracts. A previous study from Li et 

al. [24] found that extraction of pomegranate peel 

using different solvents, i.e., methanol, ethanol, 

acetone, and their combinations gave different 

total phenolic and total flavonoid content. Shiban 

et al. [25] reported different total phenolic and 

total flavonoid content when pomegranate peel 

was extracted with 80% methanol, water, and 

ether. This shows a difference in the extracting 

solvent's polarity, which will give a different 

amount of phenolics and flavonoids extracted. 

Differences in the amount of phenolics and 

flavonoids extracted appear because the polarity 

of each phenolic and flavonoid contained in 

pomegranate peel was varied. ANOVA followed 

by the Duncan test also confirmed this result that 

the three extraction solvents used had significantly 

different results in the total phenolic and flavonoid 

levels with p < 0.05. 

 

Antioxidant capacity  

In this paper, pomegranate peel extract's anti-

oxidant capacity was determined using the DPPH 

and CUPRAC methods. The DPPH method is 

commonly used because it is suitable for deter-

mining both polar and nonpolar solvents' 

antioxidant capacity. While the CUPRAC method 

shows the extract's ability to reduce Cu metal, the 

results are proportional to the total amount of 

copper reduced by antioxidant compounds 

through electron transfer. The different methods 

used to determine antioxidant activity give unex-

pected results, are difficult to compare, and 

sometimes lead to mismatches. The antioxidant 

capacity is expressed in terms of trolox equivalent. 

Table 2 shows the antioxidant capacity values 

of the three pomegranate peel extracts. The anti-

oxidant capacity of the three extracts using the 

DPPH method gave smaller results than the 

CUPRAC method. So, antioxidant compounds in 

pomegranate peel can work more specifically on 

the CUPRAC radical form. The difference in anti-

oxidant activity level using the DPPH and 

CUPRAC methods because, in the CUPRAC me-

thod, the measurement was carried out at pH 7, 

close to physiological pH, thereby stimulating 

further antioxidants. Besides, it could be caused by 

the reactants used in the CUPRAC method are  

Table 1. Total phenolic, total flavonoid, and antioxidant capacity of pomegranate peel extracts (n = 3) 

Sample extract 

Total phenolic 

(mg GAE/g dried 

sample) 

Total flavonoid 

(mg QE/g dried 

sample) 

Antioxidant capacity 

(µmol trolox equivalent/g dried sample) 

CUPRAC DPPH 

Water 501.91 ± 10.30a 0.47 ± 0.01a 1065.12 ± 4.75a 152.50 ±  2.11a 

70% ethanol  1068.81 ± 40.12b 0.75 ± 0.02b 2981.59 ± 25.99b 358.67 ±  5.77b 

Ethanol p.a  287.26 ± 16.13c 0.25 ± 0.02c 839.79 ± 8.33c 108.11 ±  0.92c 

The mean ± SD within each measurement in the same column followed with different lowercase letters represent 

significant differences at p < 0.05.  

GAE = gallic acid equivalent 

QE = quercetin equivalent 
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Figure 1. TLC fingerprint analysis of pomegranate 

peel extracts 

 

 

Table 2. Detected bands and Rf value of TLC 

fingerprint of three pomegranate peel 

extracts 

Rf 

Extract 

Water 70% Ethanol Ethanol p.a. 

1 2 1 2 1 2 

0.27       

0.30   ✓ ✓ ✓ ✓ 

0.39   ✓ ✓ ✓ ✓ 

0.40 ✓ ✓     

0.52   ✓ ✓ ✓ ✓ 

0.58   ✓ ✓ ✓ ✓ 

0.80   ✓ ✓ ✓ ✓ 

0.89  ✓ ✓ ✓ ✓ ✓ 

Note: ✓= detected band 

 
more stable reactants than the DPPH reactants 

[20]. 

Based on the measurement results, the highest 

antioxidant capacity is owned by 70% ethanol 

extract followed by water and ethanol extract p.a. 

The three extracts gave significantly different 

results based on ANOVA. This shows that 70% 

ethanol effectively extracts the optimum anti-

oxidant compounds compared to water and etha-

nol p.a. This result is in line with the higher levels 

of total phenols and flavonoids in the 70% ethanol 

extract compared to the other two extracts. As is 

well known, phenolics or flavonoid compounds 

are generally antioxidants. 

TLC profile of pomegranate peel extracts 

TLC fingerprint analysis of pomegranate peel 

extracts was performed using eluent composition: 

water:acetone:methanol:toluene (1: 4: 2: 4) and 

10% sulfuric acid in methanol as visualization 

reagent. The fingerprint chromatogram of pome-

granate peel can be seen in Figure 1, with each 

band's Rf value shown in Table 2. The pome-

granate peel extract's chromatogram profile shows 

that the water extract has a very different profile 

than the 70% ethanol and ethanol p.a. extract 

because it only detected two bands. The ethanol 

extract 70% and ethanol p.a gave a profile that was 

almost similar to each other, only with different 

intensities of the six bands detected. This indicates 

that the three extracting solvents provide different 

compositions and concentrations of metabolites 

extracted. 

 

FTIR spectra and clustering of pomegranate peel 

extracts 

Medicinal plant extract is a complex mixture 

of metabolites so that the FTIR spectra peak will 

result from the functional group present in the 

metabolites from the extract.  Figure 2 shows the 

FTIR spectra of the three pomegranate peel 

extracts. Based on the FTIR spectra from the same 

experimental condition, the resulting absorption 

bands have spectral patterns similar to one 

another. The difference is only in the level of 

transmittance intensity, which is related to the 

concentration of metabolites extracted using the 

three types of solvents. 

The three extracts have a characteristic peak at 

⁓ 3400 cm-1 from the stretching vibration of the O-

H functional group. A peak appeared at 2930 cm-

1, usually from the symmetric and asymmetric 

stretching vibration of methyl (−CH3) and 

methylene (−CH2). Strong absorption at ⁓1720 

cm-1 is attributed to C=O; absorption at ⁓1620 and 

⁓1510 cm-1 are assigned to C=C either from alkene 

or aromatic functional group. We also detected a 

peak at ⁓1,060 cm-1 is due to the C-OH stretching 

vibration, maybe from phenolics compounds.   

Each pomegranate peel extract showed iden-

tical FTIR spectra, only different in their intensi-

ties, which is not easy to distinguish visually. 

Therefore, chemometric analysis, such as PCA 

was used to cluster the three extracts. The variable 

used is the absorbance data in the wavenumber 

range 1,800 – 400 cm-1, the infrared spectrum's fi- 
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ngerprint area. This fingerprint area is unique for 

each sample because it tends to have a complex 

spectrum due to various vibrations from the func-

tional groups of a compound present in a sample. 

Before doing PCA, the FTIR spectra of all 

pomegranate peel extracts were preprocessed with 

SNV and detrending. The pretreatment serves to 

reduce data variations that did not affect analytical 

information. The pretreatment also aims to avoid 

problems due to baseline shear and increase the 

coincided spectrum resolution (data information 

improvement) [26]. PCA clustering using the three 

extracts is shown in Figure 3. Based on the plot of 

the three-dimensional PCA scores obtained, the 

three extracts can be clustered according to their 

respective groups. The clustering results showed a 

total PC of 93%, which can explain 93% of the 

total variance. The PCA results showed that the 

three extracts had different compositions and 

concentrations of extracted metabolites. 

 
Figure 2. Repesentative FTIR spectra of three pomegranate peel extracts: water (blue line), 70% ethanol (red 

line), and ethanol p.a. (green line) 

 

 
Figure 3. Principal component analysis score plot in three dimensional of pomegranate peel extracts: water  

(    ), 70% EtOH (   ), dan EtOH p.a (   ) extract.  
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Conclusion 

The 70% ethanol extract of pomegranate peel 

has the highest antioxidant capacity than water and 

ethanol p.a. extract based on measurement results 

using the DPPH and CUPRAC methods. This is in 

line with the high levels of total phenolics and fla-

vonoids in the 70% ethanol extract. TLC finger-

print analysis showed that the water extract had 

very different chromatogram profiles than the 

70% ethanol extract and ethanol p.a. The two eth-

anol extracts in this study showed the same TLC 

fingerprint profile differed in the intensity of the 

resulting band color. Similar observation was seen 

in the FTIR spectra showing that the spectral pro-

files were almost similar for the three extracts, 

only different in their intensity levels. PCA clus-

tering succeeded in classifying the three extracts 

with a total PC of 93% of the total variance. Thus, 

it can be concluded that the three extracts provide 

different phytochemical profiles, causing different 

values of antioxidant capacity. 
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