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Abstract Methanolic, ethanolic and ethyl acetate extracts

of five aonla varieties were analyzed for phytochemical

characterization using RP-HPLC. Five compounds viz.

ascorbic acid, gallic acid, ellagic acid, ethyl gallate and

quercetin were identified in aonla extracts by RP-HPLC at

270 nm. Significant variations were observed in amount of

identified phytochemical among the varieties. The highest

level of phytochemical was observed in methanolic extract

of variety Desi followed by varieties Kanchan, NA-7,

Banarasi and Chakaiya. Among the solvent, methanol

extracted the maximum phytochemicals while yield was

least in ethyl acetate extract of aonla varieties. Gallic acid

and ellagic acid were the most abundant phenolic com-

pounds in extracts of aonla varieties. Ellagic acid

(349.51 mg/100 g) and gallic acid (233.49 mg/100 g) were

found maximum in methanolic extract of Desi variety.

Results of the present study suggested that aonla is a good

source of phenolic and flavonoid compounds.

Keywords Quantification � HPLC � Phytochemical �
Solvent � Characterization

Introduction

Recently, there has been visible spurt in number of studies

aimed at characterizing the health promoting attributes of

phenolic compounds exhibiting antioxidant and antimi-

crobial properties (Mradu et al. 2012). Phenolic

phytochemicals are major and most extensively distributed

category in plant kingdom out of three main groups: fla-

vonoids, phenolic acid and polyphenols (Harborne 1973).

Phenolic acid consist of two main acid named hydroxyl

benzoic acid (ellagic and gallic acid) and hydroxycinnamic

acid (Mass et al. 1991). Flavonoids are low molecular

weight compound and generally bound to sugar group

(King and Young 1999). Nowadays, main focus of

researcher is shifting on screening and analyzing plants for

the presence of compounds having medicinal properties.

Various remedial potential along with antimutagenic and

anticarcinogenic properties is exhibited by secondary

metabolites synthesized in higher plants. Fruits and veg-

etables are good source of phenolic compounds (Singh

et al. 2016).

Aonla, a member of family Eubhorbiaceae, also known

as Indian gooseberry is widely distributed in tropical and

subtropical areas of India, Indonesia, China and Malay

Peninsula. Aonla is an important part of Indian medicine

along with Chinese and Tibetan medicine system (Ayur-

vedic Formulation of India-Part-1 2003). Phenolic and

flavonoid compounds reported to have radical scavenging

activity, analgesic, anti-inflammatory and inmmuno-mod-

ulatory properties and these might be due to the presence of

gallic acid, ellagic acid, tannic acid, quercetin etc. Aqueous

extract of aonla showed anti-pyretic and tonic properties

and also have antibacterial activity (Vinayagamoothy

1982). Aonla is proved to have nutraceutical properties

which will increase popularity of fruit among literate

population. Phenolic compound in aonla reduces loss of

ascorbic acid due to oxidation during heating and at low

temperature storage (Sachan et al. 2013).

In recent era, research regarding extraction of phenolic

compounds from plant sources has attracted special interest

(Pinelo et al. 2004). Extraction is an important step in
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isolation, identification and quantification of phenolics.

There exists no single standard method of extraction (Ignat

et al. 2011). Successful estimation of phytochemical from

plant sources mainly depends on type of solvent used for

extraction and polarity of solvent also play important role

in extraction of bio-active constituents (Chiste and Benassi

2011). Phytochemicals are generally extracted from plant

sources using methanol, ethanol, water and various com-

binations of alcohol and water. Extraction and separation of

free and bound phenolic is complicated due to similarity in

chemical nature of the compounds and also their standards

are difficult to acquire (Filipiak-Szok et al. 2012).

From ancient time, different parts of medicinal plants

consisted of phenolic, were used in treatment of various

diseases. However, preclinical study is must for assessment

of medicinal, phytochemical, toxic and biological attributes

of any herbal drug before it’s clinical use. So, systematic

qualitative and quantitative analysis of phenolic compound

present in plant by scientific methodology and it’s com-

parison with standard of phenolic is required for estab-

lishing it’s effectiveness. The main aim of present

investigation was to extract, identify and quantify the main

phytochemical present in aonla using high performance

liquid chromatography (HPLC) with gradient elusion sys-

tem in mobile phase.

Materials and methods

Phytochemical extraction

Extraction was carried out using three different solvent

Methanolic extract

Extraction was done by the method of Liu et al. (2008)

with some modification. Ten gram fresh aonla flesh was

extracted with 100 ml methanol in conical flask using

shaker at 25 �C and filtered through 0.45 lm filter paper.

Residue was extracted twice with 100 ml methanol as

mentioned above. Then combined extract was concentrated

at 40 �C in rotary evaporator at low pressure. Finally the

residue was lyophilised and stored at 4 �C till further use.

Ethanolic extract

Method of Ahmad et al. (1998) was adopted for preparation

of extract with some modifications. Ten gram fresh aonla

fruit was taken in conical flask and 100 ml of 95% ethanol

was used for the extraction. The extract was filtered

through 0.45 lm nylon filter paper and filtrate was con-

centrated in rotary evaporator at 40 �C after that sample

was lyophilised and stored at 4 �C until use.

Ethyl acetate extract

Extraction was done using the method of Yokozawa et al.

(2007) with modification. Ten gram fresh aonla flesh was

extracted with 100 ml 80% ethyl acetate in conical flask

using shaker at 25 �C and filtered through 0.45 lm filter

paper. Residue was extracted twice with 100 ml solvent as

mentioned above. Final extract was evaporated at 40 �C
using rotary evaporator at low pressure. Concentrate was

lyophilised and stored under refrigeration condition till

further use.

Total polyphenol estimation of extracts

Total polyphenol content of the extract was determined by

the method of Anesini et al. (2008) with some modification

in the extraction protocol. One ml of the above prepared

extract was used for the estimation of total polyphenol

content.

Fourier transform infrared spectroscopy (FTIR)

Fourier Transform Infrared spectroscopy is a technique

which is used to obtain infrared spectrum of absorption,

Raman scattering, emission of a solid, liquid or gas. It

simultaneously collects spectral data in broad spectrum

range. Dried extracts of aonla varieties were studied by

Fourier Transform Infrared spectroscopy. IR-spectral

studies were carried out on Shimadzu IR affinity-I 8000

FT-IR spectrometer under dry air at room temperature

using KBr pellets. One mg of samples were mixed with

approx 300 mg KBr and formulated in the form of tablets.

The samples were pressed directly on to attenuated

reflectance KBr crystal into sampling unit. Spectra of the

samples are recorded in the range 4000 – 400 cm-1 at

4 cm-1 and signal averaged over 32 scans.

Phytochemical characterization

Phytochemical characterization of different aonla extracts

was done with the help of HPLC (high performance liquid

chromatography) using method of Sawant et al. (2011)

with some modification. HPLC (model: Waters e2695, e-

alliance) having gradient elution system with C-18 reverse

phase column: (Sunfire) having dimension (mm) as

250 9 4.6 and particle size as 5 l and PDA detector

(Waters 2998) and autosampler was used for qualitative

and quantitative analysis of phytochemical present in the

extracts of fresh aonla fruits. Extract were dissolved in

methanol and filtered through 0.45 lm nylon syringe filter

(Axiva). Twenty micro-litre of the sample extract was

injected into HPLC with the help of auto sampler. Ten mg

of each standard was dissolved in 100 ml methanol so as to
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prepare 100 ppm standard stock solution and 20 ll was

injected into HPLC. The mobile phase was consisted of A:

methanol:water:phosphoric acid (5:95:0.1, v/v/v), B: ace-

tonitrile and eluted at a flow rate of 1.5 ml/min. A gradient

program was performed by varying the portion of solvent

A to solvent B (0–5 min: 100% A, 5–20 min: 85% A, 15%

B, 20–30 min: 75% A, 25% B, 30–45 min: 70% A, 30% B,

45–50 min: 75% A, 25% B, 50–55 min: 80% A, 20% B,

55–60 min: 100% A) and detection was carried out at

wavelength 270 nm. Retention time of the standards was

used for the identification of different component in the

extracts and area under respective peak was used for

quantitative analysis.

Concentration mg=100gð Þ

¼Area of sample� concentration of standard � dilutions

Area of standard� volume made� sample wt

� 100

Results and discussion

Extraction of phytochemicals

Quantification of naturally occurring bioactive compounds

by modern analytical technique is required for establish-

ment of authenticity, creditability, recommendation and

end use. Present study was focused on identification and

quantification of phytochemical present in different aonla

varieties. Extraction of phytochemical in aonla fruit was

carried out with different solvents (methanol, ethanol and

ethyl acetate) and yield of extracts varied significantly

(p\ 0.05). As depicted in Table 1, yield of methanol

extract was found maximum followed by ethanol and ethyl

acetate extracts. Results of present study showed that

methanol was the best solvent for extraction of phyto-

chemicals. Similar trend was observed for extraction yield

in Tamarindus indica L. using solvents: methanol, ethyl

acetate and hexane by Razali et al. (2012). Results of

present study clearly indicate that type of solvent influ-

enced extraction protocol. Methanol was noted to be most

effective solvent for extraction of total polyphenol content

(TPC) followed by ethanol and ethyl acetate that might be

due to difference in polarity of solvents. Compatibility

between solvent and compound to be extracted affect the

extraction rate (Teh et al. 2014; Filipiak-Szok et al. 2012).

Total polyphenolic content in aonla extracts was estimated

by Folin-Ciocalteu (FC) reagent and HPLC method.

Methanol extract of aonla fruits showed significantly

(p\ 0.05) higher amount of TPC by HPLC as well as FC

reagent method compared to ethanol and ethyl acetate

extract. Total polyphenol content varied from 375.98 to

752 mg/100 g in methanol extract of aonla varieties by

HPLC method (Table 2) and 109.8 to 159.4 mg/g by FC

reagent method (Table 2). TPC in ethanol extract ranged

from 324.64 to 533.29 mg/100 g by HPLC method

(Table 2) and 104.1 to 139 mg/g (Table 2) by FC reagent

method. Similarly, in ethyl acetate extract of aonla vari-

eties TPC ranged from 104.46 to 299.85 mg/100 g

(Table 2) by HPLC method and 70.6 to 89.3 mg/g

(Table 2) by FC reagent method. Amount of TPC esti-

mated by FC reagent method was significantly higher than

that evaluated by HPLC method and that might be due to

reactivity of FC reagent additionally with non-phenolic

reducing compounds such as amino-acids, tertiary amine

containing biological buffers, purines, hydroxylamine,

some organic and inorganic reducing agents due to which

TPC were over estimated by FC reagent method (Ikawa

et al. 2003). Among the varieties, Desi variety showed the

highest yield in all solvents followed by varieties Kanchan,

NA-7, Banarasi and Chakaiya. Study by Singh et al. (2018)

reported the presence of phenolic compounds in hydroal-

coholic extract of aonla fruits.

Phytochemical identification

Phytochemicals are the secondary metabolites naturally

occurring in plants and reported to have various therapeutic

properties (Krishnaiah et al. 2009). Plants show variation in

content and structure of phenolic compounds. Therefore,

identification, quantification and characterization of phy-

tochemical is required for the application of their extracts

as food additives (Maisuthisakul et al. 2007). RP-HPLC

chromatogram for methanol, ethanol and ethyl acetate

extract from aonla using PDA detector are presented in

Fig. 1b, c and d respectively while chromatogram of dif-

ferent standards is shown in Fig. 1a Different peaks of

interest on chromatograms were identified using retention

time of reference standard. Due the complex nature of

natural/crude extracts and unavailability of standards,

Table 1 Extraction of aonla phytochemicals using different solvents

Variety/extract Extraction yield (%)

Methanol Ethanol Ethyl acetate

Desi 1.69 ± 0.02c 1.12 ± 0.03c 0.88 ± 0.01c

Kanchan 1.55 ± 0.01bc 1.08 ± 0.02b 0.82 ± 0.04ab

Chakaiya 1.43 ± 0.03a 1.02 ± 0.04a 0.79 ± 0.03a

NA-7 1.53 ± 0.04b 1.09 ± 0.01b 0.84 ± 0.01b

Banarasi 1.49 ± 0.02ab 1.06 ± 0.05ab 0.85 ± 0.02bc

aThe values are mean ± SD of determination made in triplicates.

Mean values followed by different letters within a same column differ

significantly (p[ 0.05)
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identification and estimation of each peak on chro-

matogram was not possible. A total of five compounds

were identified in aonla varieties. The compounds identi-

fied in aonla extracts by retention time (minutes) of

respective standard using RP-HPLC at 270 nm were:

ascorbic acid (2.66), gallic acid (9.87), ellagic acid (25.79),

ethyl gallate (28.78) and quercetin (38.77). Five identified

compound were detected in different extracts of aonla

varieties. Peak 1 on the chromatogram was identified as

ascorbic acid having retention time 2.8 comparable to the

retention of standard ascorbic acid. Similarly, peaks 2, 3, 4,

5 on the chromatogram were identified as gallic acid, ethyl

gallate, ellagic acid and as quercetin with retention time

10.4, 26.2, 28.8 and 39.2 respectively by comparing

retention time with that of respective standard. Results of

present study were in accordance to data reported by

Yokozawa et al. (2007) in HPLC profiling of ethyl acetate

extract of aonla. Identification of five compounds was also

confirmed using FTIR.

Fourier transform infra red spectroscopy analysis

of aonla extracts

FTIR spectroscopy was performed to obtain finger prints of

five aonla varieties. Figure 2 presents the FTIR spectra of

extracts of aonla varieties. Presence of peak at 3295, 1726,

1617.96, 1538, 1239, 1107, 1059 and 864.33 cm-1 indi-

cated presence of gallic acid in aonla (Nirmaladevi et al.

2010). Peak present around 1092 and 1663 cm-1

represents aromatic bending and stretching (Heo et al.

2013) that was observed in slightly different location at i.e.,

1622.37 cm-1 and 1058.55 cm-1 confirms the presence of

quercetin in aonla. In FTIR spectra of aonla –OH (hy-

droxyl) stretch at 3240 cm-1 is shifted to 3295 cm-1, C–O

(carbonyl group) alcohol stretch at 1038 cm-1 is shifted to

1060 cm-1, the acidic –C–O stretch at 1234.35 cm-1 is

shifted to 1302 cm-1, C=0 stretch at 1728 cm-1 is shifted

to 1725.97 cm-1 and =CH stretch at 694.32 cm-1 is shif-

ted to 696.50 cm-1. Presence of higher peak intensity of

functional group confirmed the higher concentration of

indentified different phenolic and flavonoid group in aonla.

(Fig. 3)

Phytochemical quantification

Phenolic compounds, ubiquitous in plant sources, are one

of the most widely distributed class of phytochemicals. In

recent years, owing to bioactivity phenolic compounds are

attaining popularity among the researchers (Abu-Reidah

et al. 2012). Fruits and vegetables are rich source of fla-

vonoids, which exhibit various health promoting properties

(Lila and Raskin 2005). Quantification of identified com-

pound was performed based on external standard of known

concentration using RP-HPLC. Area under peak of com-

pound was measured and compared to peak area of

respective standards. Data pertaining to quantity of phy-

tochemical found in different aonla varieties and their

extract is presented in Table 2. Significant (p\ 0.05)

Table 2 Quantification of phytochemicals in aonla varieties using RP-HPLC at 270 nm

Variety Extract Ascorbic acid

(mg/100 g)

Gallic acid (mg/

100 g)

Ethyl gallate

(mg/100 g)

Ellagic acid

(mg/100 g)

Quercetin

(mg/100 g)

Total polyphenol content

(mg/100 g)

Desi Methanol 167.19 ± 1.39g 233.49 ± 1.59j 0.98 ± 0.01b 349.51 ± 1.63k 1.48 ± 0.03j 752.65

Kanchan 126.42 ± 2.09e 199.05 ± 0.90i 0.27 ± 0.03a 167.41 ± 1.29j 0.55 ± 0.01e 493.7

Chakaiya 136.48 ± 1.13f 83.74 ± 0.79g 0.33 ± 0.02a 155.16 ± 0.79i 0.27 ± 0.01ab 375.98

NA-7 206.75 ± 1.30i 154.77 ± 1.29h 0.39 ± 0.03a 113.35 ± 0.89g 1.94 ± 0.06k 477.2

Banarasi 178.96 ± 1.02h 87.68 ± 0.83g 0.33 ± 0.01a 124.11 ± 1.07h 0.34 ± 0.02c 391.42

Desi Ethanol 375.97 ± 1.99m 52.55 ± 0.34de 41.96 ± 0.49f 61.62 ± 0.58d 1.19 ± 0.02i 533.29

Kanchan 293.51 ± 1.08k 46.72 ± 0.28c 2.99 ± 0.14d 33.98 ± 0.34a 0.87 ± 0.03h 378.07

Chakaiya 228.25 ± 1.04j 43.83 ± 0.75c 1.76 ± 0.02c 50.22 ± 0.34c 0.56 ± 0.02e 324.62

NA-7 342.96 ± 1.60l 48.46 ± 0.50cd 5.97 ± 0.02e 38.70 ± 0.63ab 0.24 ± 0.03a 436.33

Banarasi 224.82 ± 0.53j 64.90 ± 1.02f 2.92 ± 0.08d 43.61 ± 0.05b 0.47 ± 0.03d 336.72

Desi Ethyl

acetate

122.47 ± 1.03e 83.16 ± 0.50g 1.04 ± 0.01b 92.44 ± 0.35j 0.74 ± 0.02g 299.85

Kanchan 53.55 ± 1.06c 53.40 ± 0.45e 0.24 ± 0.01a 41.84 ± 0.50b 0.32 ± 0.01bc 149.35

Chakaiya 65.82 ± 0.60d 21.00 ± 0.08a 1.77 ± 0.03c 69.54 ± 0.30e 0.34 ± 0.03c 158.47

NA-7 29.89 ± 0.02a 29.30 ± 0.01b 0.26 ± 0.02a 44.52 ± 0.15bc 0.49 ± 0.01d 104.46

Banarasi 36.99 ± 0.03b 67.57 ± 0.12j 0.53 ± 0.02a 58.57 ± 0.06d 0.64 ± 0.03f 164.3

aThe values are mean ± SD of determination made in triplicates. Mean values followed by different letters within a same column differ

significantly (p[ 0.05)
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variation was observed in phenolic content in different

aonla extracts. Total phytochemicals were extracted max-

imum in methanol extract followed by ethanol and ethyl

acetate extract. Ascorbic acid content varied from 29.89 to

375.97 mg/100 g among extracts of aonla varieties. A

significant (p\ 0.05) varietal difference was observed

Fig. 1 RP-HPLC chromatogram for standards and different aonla extracts detected at 270 nm. a = standard, b = ethyl acetate extract,

c = methanol extract and d = ethanol extract
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among aonla varieties. Ethanol solvent was the most effi-

cient solvent for extracting ascorbic acid followed by

methanol and ethyl acetate. Maximum ascorbic acid con-

tent was noted in ethanol extract of Desi variety

(375.97 mg/100 g). Similarly, Nambiar et al. (2015)

reported 220.183 mg/100 g ascorbic acid content in

methanol extract of aonla pulp. Data observed in present

study was supported by data reported by Raghu et al.

(2007) in fresh aonla fruit (236.2 mg/100 g) studied using

HPLC. Aqueous aonla extract was found to have 32.5 mg/g
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Fig. 2 FTIR spectra of extracted phytochemicals of aonla varieties (a = Banarasi, b = Chakaiya, c = Desi, d = Kanchan and e = NA-7)
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of ascorbic acid estimated using HPLC (Khopde et al.

2001). Among the phenolic compounds, ellagic acid was

present in the highest amount followed by gallic acid and

ethyl gallate (Table 2). Quantity of quercetin (flavonoid)

was least compared to all phenolic compounds. In aonla

extract, content of gallic acid varied from 21 to 233.49 mg/

100 g. As depicted in Table 2 gallic acid content was

observed the highest in methanol extract followed by

ethanol and ethyl acetate irrespective of aonla variety.

Nambiar et al. (2015) observed 10.0078 lg/mg of gallic

acid and 9.609 lg/mg of quercetin content in methanol

extract of aonla pulp. Ethyl acetate extract of aonla was

reported to have 5.847% gallic acid and 1.603% ellagic

acid (Yokozawa et al. 2007). Study by Nampoothiri et al.

(2011) confirmed presence of gallic acid, ellagic acid and

ascorbic acid in methanol, ethyl acetate and hexane extract

of aonla using LC–MS. Study by Kumar et al. (2006)

reported gallic and tannic acid to be prominent antioxidant

in phenolic fraction of aonla extract. Ellagic acid present in

different fruit and vegetables significantly increased

effectiveness of quercetin in reducing proliferation and

inducing apoptosis (Mertens-Talcott et al. 2003). Ellagic

acid was major phenolic, present in aonla extracts with

varied concentration from 33.98 to 349.51 mg/100 g

(Table 2). Study by Singh et al. (2017) showed that max-

imum extraction of GA in acetone as solvent followed by

methanol, ethanol and water.

Kanchan, Chakaiya, Banarasi and NA-7. Ethyl gallate

content determined in different aonla extracts ranged from

0.24 to 41.96 mg/100 g among the aonla varieties. Maxi-

mum ethyl gallate content was noted in ethanol extract of

Desi variety. Sawant et al. (2011) studied phytoconstituent

of methanolic extract of fresh aonla fruit and observed

ascorbic acid (2.15%), gallic acid (0.44%), Ethyl gallate

(0.14) and ellagic acid (0.15%). Flavonoid quercetin con-

tent varied from 0.24 to 1.94 mg/100 g among aonla

extracts of different varieties (Table 2). As given in

Table 2, methanol extract of variety NA-7 showed maxi-

mum quercetin content followed by Desi, Kanchan,

Banarasi and Chakaiya. Similarly, study by Filipiak-Szok

et al. (2012) reported 0.87–0.93 mg/100 g quercetin in

ethanolic extract of aonla using HPLC–DAD.

Inhibitory activity of DNA, RNA and protein synthesis

was shown by quercetin in NY68-infected chick embryo

fibroblast (Jullien et al, 1984). Bansal et al. (2015)

studied the phenolic and flavonoid compound present in

aonla juice using RP-HPLC. Result of study reported

ascorbic acid (1039–1066 mg/100 ml), gallic acid

(26.94–37.95 mg/100 ml), ellagic acid (69.81–71.20 mg/

100 ml) and quercetin (2.01–2.40 mg/100 ml) in aonla

juice. As depicted in Table 2, extractability of various

phenolic and flavonoid compounds in extracts depend on

solvent polarity i.e. higher the polarity of solvent, higher

the extraction of phenolic compounds. On the other hand,

lower the polarity of solvent used, higher will be the

extraction of organic compound (less polar in nature)

(Chiste and Benassi 2011).

(A) Gallic acid (B) Ellagic acid Ascorbic acid

(D) Ethyl gallate

(C)

(E) Quercetin

Fig. 3 Structure of

phytochemicals present in

aonla: a Ascorbic acid, b Gallic

acid, c Ethyl gallte, d Ellagic

acid and e Quercetin
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Conclusion

Results of present study revealed that aonla fruit is a

potential source of phenolic and flavonoid compounds.

Overall, methanol was the most effective solvent for

extraction of phenolic and flavonoid. Among varieties,

Desi variety had the highest phytochemical content irre-

spective of type of solvent used for extraction. Gallic acid,

ellagic acid, ethyl gallate, ascorbic acid and quercetin were

identified as major phytochemical in aonla extract using

RP-HPLC. FTIR spectra of aonla confirmed the presence

of the identified phytochemicals. Further studies are

required for isolation and identification of more bioactive

phytochemicals from crude extract of aonla fruits that will

help in better understanding of aonla fruit as potential

source of phytochemicals. Additionally, purification of

phenolic and flavonoid compounds is needed to substanti-

ate therapeutic and nutraceutical value of aonla.
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