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Amla is Indian traditional medicinal plant with diverse and potent therapeutic potential. The present investigation was carried out 

to evaluate the levels of total polyphenols as well as antioxidant potential at three different ripening stages (un-ripe, semi-ripe and 

fully-ripe) of amla (Phyllanthus emblica L.) fruit. The antioxidant ability of amla fruit extract was assessed by using in-vitro 

antioxidant assays that are DPPH, ABTS scavenging assay and total antioxidant capacity. Overall, fruit at the fully mature stage 

(S3) exhibited the highest levels of TPC, TFC, ABTS, DPPH and radical scavenging activity and total antioxidant capacity, 

followed by the intermediate (S2) and immature (S1) stages. The results showed that different stages of maturation had profound 

effects on the antioxidant activity of amla fruit. 
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In the traditional system of medicine, the fruits 

are widely used for their therapeutic effectiveness in 

disease conditions such as diabetes, cancer, 

inflammation and many more through antioxidant 

mechanism.  

It has been established relation between oxidative 

stress in the pathogenesis of several human diseases, 

including inflammation, metabolic disorders, cellular 

aging, cardiovascular diseases, diabetes mellitus, 

neurodegenerative diseases, cancer and HIV/AIDS.1 

The edible fruits are rich source of antioxidant 

phytochemicals especially, phenolic, flavonoid, 

caretonoids and vitamins.2 

Recently, there has been an upsurge of interest in 

the therapeutic potentials of medicinal plants as anti-

inflammatory, digestive, antinecrotic, neuroprotective, 

and hepatoprotective agents, with antioxidant and/or 

radical-scavenging mechanisms partially responsible 

for these activities.3 

The content of phytochemicals and the 

antioxidant capacity of fruits are influenced by 

numerous factors such as sunlight, soils, season, 

region of cultivation, fruit variety, and stages of 

maturity.4-6 

The maturity stage is an important factor that 

influences the compositional quality and the quantity 

of fruits. Due to the fact that during maturation, 

several variations (biochemical, physiological and 

structural) take place and determine the fruit’s 

quality.7 

Antioxidant principles from natural sources 

provide enormous scope for correcting imbalances 

between oxidant production and antioxidant defenses. 

Among these is P. emblica L. (amla), a traditional 

Indian medicinal plant used as rasayana and can 

confer health benefits. 

Amla (Phyllanthus emblica L.) belongs to family 

Euphorbiaceae, commonly used in Indian systems of 

medicine, is a nutritiously rich food with high 

therapeutic value.  

It has been documented as fruit containing highest 

amount of vitamin C, which is resistant to storage and 

heating. Amla is one of the most popular drugs in 

Ayurvedic and Unani systems of medicine and is one 

of the major ingredients of Chyawanprash, Triphala, 

Itrifals and Khamiras.8 It is traditionally used to 

enhance digestion, treat constipation, reduce fever, 

reduce cough, alleviate asthma, stimulate hair growth, 

enliven the body, and enhance intellect. Literature 

survey revealed various pharmacological activities of 

amla fruits such as antinociceptive, antimicrobial, 

antioxidant, gastroprotective, hepatoprotective, 

antiulcerogenic, antidiabetic, antitumor, anti-

inflammatory, antipyretic and analgesic.9  

The drug is well known for its antioxidant 

properties due to presence of ascorbic acid and various 

phenolic constituents, therefore the change in 

phytochemistry of plant can be assessed by evaluating 

its antioxidant potential. The assay for the total 

phenolic content was carried out along with in-vitro 

antioxidant activity by using 2, 2-diphenyl-1-

picrylhydrazyl (DPPH) and ABTS radical scavenging 

methods and total antioxidant capacity. The present 

research work will be helpful and serve as an 

important tool for the quality assessment of the amla. 

Studies to establish stages of maturity and change in 

antioxidant potential of amla were limited, so the 

present study was undertaken to establish stages of 

maturity and change in antioxidant potential of amla. 

 



Sample collection, preparation and extraction: 

Fruits of Phyllanthus emblica L. were harvested from 

Shirpur region during November to December 2016. 

Amla fruits were picked at three different stages of 

ripening according to external color; (S1) green were 

chosen as immature stage greenish yellow were 

chosen as as the intermediate stage (S2) and yellow to 

coppery brown as the last stage of maturity (mature 

stage) (S3). Fruits were made slices and air-dried at 

room temperature followed by size reduction.  

The powder was extracted by maceration with 

80% MeOH at room temperature and stirred 

occasionally for 3 days. Then a Whatman No. 1 filter 

paper was used to remove the particles. The residue 

was more time extracted, filtered and concentrated 

using a rotary evaporator (BUCHI, Rotavapor R- 215) 

under reduced pressure. The dry extract obtained with 

each solvent was weighed and percentage yield was 

expressed in terms of air dried weight of plant 

material. 

Qualitative phytochemical investigation: Freshly 

prepared P. emblica fruit extract was subjected to 

standard phytochemical analysis to ensure the 

presence of alkaloids, flavonoids, steroids, terpenoids, 

reducing sugars, tannins, saponins, glycosides, 

aleurone grains, and proteins.10,11 

Determination of total phenolics: Total phenolics 

were determined by the spectrophotometric method 

with slight modification.12 In brief, a 0.1 ml of 

appropriately diluted extracts was added to 0.2 ml of 

10-fold diluted Folin– Ciocalteau reagent. 2.0 ml of 

15% sodium carbonate was added to mixture and then 

shaken. After 2 h incubation period, the absorbance of 

the reaction mixtures was measured at 760 nm. The 

standard curve for total phenolics was plotted using 

gallic acid standard solution (10–100 μg/ml) following 

the same procedure as mentioned above. The total 

phenolics were expressed as milligram of gallic acid 

equivalents (GAE) per gram of dried extract.  

DPPH radical-scavenging activity: The radical 

scavenging activity of different maturity stages of P. 

emblica fruit extract was estimated using stable free 

radical of 1, 1-diphenyl-2-picrylhydrazyl assay 

(DPPH). concentrations of each extracts were added, 

to an equal volume, methanolic DPPH (100mM) 

solution. Each of the extract or the reference standard 

solution was added separately in wells of the 

microtitre plate and allowed to incubate at room 

temperature for 20 min. The absorbance of the 

resulting mixture was measured at 517 nm against 

methanol as blank by using using Microplate 

spectrophotometer (BIO-Tek, USA. Model-96 well 

micro plate). Known antioxidant such as ascorbic acid 

was used as positive control.13 The percentage of 

radical scavenging activity was calculated using the 

formula. 

 

% inhibition

=  
[(Control absorbance –  Sample absorbance)

Control absorbance
 𝑋 100 

Decrease in the absorbance of the DPPH mixture 

indicates an increase in radical scavenging activity of 

sample extracts. 

ABTS radical cation scavenging activity: ABTS 

radical cation scavenging activity was performed 

using the method reported14 with slight modifications. 

In brief, ABTS solution (7 mM) was reacted with 

potassium persulfate (2.45 mM) solution and kept 

overnight in the dark to yield a dark colored solution 

containing ABTS·+ radical cation. Prior to use in the 

assay, the ABTS radical cation was diluted with 50% 

methanol for an initial absorbance of about 0.700 at 

734 nm. After the addition of 1.0 ml of diluted 

ABTS·+ to 10 µl of sample, the absorbance was 

measured after 5 min of initial mixing. The percentage 

inhibition was calculated according to the formula: 

 

% inhibition

=  
[(Control absorbance –  Sample absorbance)

Control absorbance
 𝑋 100 

 

The antioxidant potential of extract was expressed 

as IC50, the concentration necessary for a 50% 

reduction of ABTS·+ radicals. 

 

Total antioxidant capacity by phosphomolybdenum 

method: The total antioxidant capacity of Amla 

extracts were evaluated as reported.12 An aliquot of 

100 µl of extract solutions was combined with 1 ml of 

reagent (0.6 M sulfuric acid, 28 mM sodium 

phosphate and 4 mM ammonium molybdate). All 

tubes were capped and incubated in a boiling water 

bath at 95oC for 90 min. Tubes were allowed to cool at 

room temperature. Absorbance of the test and standard 

solutions was measured at 695 nm against blank 

containing 0.1 ml of distilled water and 1 ml of 

reagent. The standard curve for total antioxidant 

capacity was plotted using ascorbic acid standard 

solution (20-100 µg/ml) following after said 

procedure. An antioxidant capacity was expressed as 

millimolar equivalents of ascorbic acid. 

 

Percentage Yield of Antioxidant Components from 

amla Fruit: The results of % extractive value of three 

distinct maturity phases of amla fruits revealed as the 

maturity progressed the 80% methanol extracts 

increased. The unripe amla fruits showed lowest 

extractives compared to fully ripen fruits. The 

antioxidant components are generally polar in nature 

so it is recommended to use polar solvents for 

extraction of antioxidants.15 Methanol or water-

methanol solvents are used for extraction of 

antioxidant compounds.16 In present study, the fully 

ripen fruits yields highest extractable compounds 



indicates the accumulation of higher amount of 

antioxidant compounds (Table 1).  

During the transformation of immature to fully 

mature stages of fruit a series of complex biochemical 

reactions takes place. This results in qualitative and 

quantitative variation in the composition of 

phytochemicals such as phenolics, anthocyanins, 

carotenoids and other volatile compounds leading to 

the development of final characteristics and 

distinctcolor, flavour and texture of a mature fruit.17,18  

Total phenolic content: Folin-Ciocalteu method was 

used for determination of total phenolic content of 

amla extracts. This reagent preferably react with 

phenolic compounds by forming complex between 

phenolic compounds and phosphomolybdic tungstate 

results in change in color from yellow to blue which 

can be quantitatively measured at 755 nm. In the 

present study, the content of phenolic compounds has 

varied significantly during fruit maturation and found 

in order of S3> S2> S1 (Table 1). Generally, the TPC 

found to be higher in immature condition than fully 

ripen one, as there is a loss in astringency during 

ripening, which may be associated with an increase in 

polyphenol oxidase activity and polymerization of 

leucoanthocyanidins and hydrolysis of the astringent 

principle.19,20 In present study, the TPC is higher in 

mature fruit extract (105.3±0.34 mg/gm GAE) than 

immature (78.5±0.22 mg/gm GAE), it might be 

accumulation of higher amount of vitamin C and Cu 

(II) which is known to predict complex with Folin-

Ciocalteu reagent.  

Total flavonoid content: The pharmacological 

activity such as antioxidant, anti-inflammatory and 

anticancer is well documented.21 There was a 

significant variation in the accumulation of total 

flavonoids. The amount of TFC in amla fruit with 

regard to the three different maturity stages was found 

to increase as S3 > S2 > S1. The results were similar 

to total phenolic content. The immature stage fruit 

extract showed the lower amount of flavonoid content 

(8.61±0.01 mg/gm QE) compared to fully ripe fruit 

extract (9.11±0.2 mg/gm QE). It might be due to 

condensation of different phenolic acids to complex 

phenolic compounds such as lignin etc.22 This result 

was in agreement with other authors who suggested 

that flavonoid content decrease with advanced 

maturity 23. The results are tabulated in table 1.  

DPPH radical-scavenging activity: The relative 

antioxidant ability of P. emblica extract was measured 

by percent inhibition of DPPH• and ABTS radicals. 

The results showed significant variation among 

maturity stages collected fruits extract. The DPPH free 

radical scavenging capacity of amla fruit extracts 

increased in a concentration dependent manner (Table 

2). 

The 80% MeOH extract showed a DPPH radical 

scavenging activity consistent with the trends for TPC 

(IC50; 78.23, 30.00, 18.55 μg/mL, in immature, 

intermediate, and mature stage, respectively). The 

DPPH• is decolorized by accepting an electron 

donated by an antioxidant. The reducing potential of a 

substrate usually depends on the concentration of 

reductants.24 A compound possessing radical reducing 

power can act as a potential antioxidant. Such 

compounds inhibit the formation of free radicals 

which are considered to play a key role in 

cardiovascular diseases as well as cancer.25,26  

ABTS is a blue chromophore produced by the 

reaction between ABTS and potassium persulfate. 

Addition of the amla extract to this pre-formed radical 

cation reduced it to ABTS in a concentration-

dependent manner. The results of ABTS scavenging 

activity were similar to DPPH assay. The IC50 values 

was shown positive correlation with polyphenol 

content of different maturity amla extracts (Table 3). 

The IC50 value demonstrates that the S3 extract is a 

potent antioxidant. 

The results reflect that the S3 has shown almost 

similar antioxidant potential. These results might be 

due to higher amount of polyphenol and accumulation 

of ascorbic acid and copper and like reducing 

minerals. It is worth to mention here the antioxidant 

potential of S3 was highest. It can be justified as there 

is decrease in the concentration of total phenolics, and 

consumption of anthocyanins during maturation (S2 

stage) and accumulation of higher amount of vitamin 

C in S3 stage of amla fruit.17 

For determination of total antioxidant activity 

phosphomolybdenum assay and metal chelating 

activity are reported. This phosphomolybdenum assay 

measures the relative antioxidant ability of fruits to 

scavenge the radical MO (VI) as compared with a 

standard amount of ascorbic acid (y=011x-0121). The 

antioxidant activity of all the three samples/extracts 

was estimated using standard curve of ascorbic acid 

(Figure 1). This assay is an excellent tool for 

determining the antioxidant activity of hydrogen-

donating antioxidants and of chain breaking 

antioxidants.12  

The phosphomolybdenum assay is a quantitative 

method to evaluate water-soluble and fat-soluble 

antioxidant capacity (total antioxidant capacity), 

in which transforming of relative free radical species 

MO (VI) into more stable MO (V) non-reactive 

products occurs. 

The in antioxidant capacity of S2 during 

maturation might be linked to decrease in the 

concentration of total phenolics, and rapid 

consumption of anthocyanins and compositional 

changes as a result of fruit development (Table 4). 

 



 
Fig 1: Total antioxidant capacity; calibration curve of ascorbic acid standard

 

Table 1: Extractive yield of hydroalcoholic extract, total phenolic and total flavonoid content of different 

maturity stages P. embelica fruit extract 

S. No Amla extract % Extractive Total phenolic content 

(mg/gm of GAE) 

Total Flavonoid 

content (mg/gm of QE) 

1 S 1  Extract 20.14±1.24 78.5±0.22 8.61±0.01 

2 S 2  Extract 28.14 ±1.17 99.8±0.18 8.70±0.03 

3 S 3  Extract 31.01 ±2.11 105.3±0.34 9.11±0.02 

n=3; mean ± SD; S1 - immature stage; S2 - intermediate stage; S3 – mature stage; GAE- Gallic acid equivalence; 

QE – Quercetin equivalence 

 

Table 2: Free radical scavenging activity by DPPH of different maturity stages P. embelica fruit extract 

 

S. no 

Gallic acid 

(μg/ml) 

% Inhibition Sample  

(μg/ml) Gallic acid  S1 S2 S3 

1 10 24.34 ± 2.11 29.71 ± 1.81 46.43 ± 2.14 53.78 ± 2.40 20 

2 20 31.50 ± 1.45 46.54 ± 3.65 53.81 ± 2.22 54.35 ± 2.18 40 

3 30 37.84 ± 0.79 48.92 ± 2.18 58.67 ± 3.17 57.56 ± 2.11 60 

4 40 38.38 ± 1.11 51.03 ± 2.38 63.99 ± 3.51 67.50 ± 2.46 80 

5 50 45.41 ± 2.81 51.81 ± 2.44 69.69 ± 2.55 75.47 ± 3.17 100 

IC 50 (μg/ml) 59.63 ± 2.45 78.23 ± 3.83 30.00 ± 1.78 18.55 ± 1.05  

Values are mean ± SD, n = 3; S1 - immature stage; S2 - intermediate stage; S3 – mature stage 

 

Table 3: Free radical scavenging activity by ABTS of different maturity stages P. embelica fruit extract 

 

S. no 

Gallic acid 

(μg/ml) 

% Inhibition Sample 

(μg/ml) Gallic acid  S1 S2 S3 

1 10 20.80 ± 1.02 48.54 ± 1.49 44.74 ± 2.60 24.45 ±1.84 20 

2 20 24.58 ± 1.54 51.41 ± 1.67 49.42 ± 2.41 38.45 ± 1.94 40 

3 30 39.89 ± 0.87 62.76 ± 1.89 53.45 ± 2.12 49.74 ± 2.35 60 

4 40 47.12 ± 1.87 71.21 ±2.17 58.74 ± 3.34 56.61 ± 2.61 80 

5 50 69.03 ± 1.64 72.44 ± 3.14 65.78 ± 3.74 61.54 ± 3.22 100 

IC 50 (μg/ml) 38.17 ± 1.04 26.66 ± 1.13 42.80 ± 3.68 68.44 ± 3.45  

Values are mean ± SD, n = 3; S1 - immature stage; S2 - intermediate stage; S3 – mature stage 

 

Table 4: Total Antioxidant capacity of different 

maturity stages P. embelica fruit extract 

S. No Amla 

Extract 

Total Antioxidant 

capacity (mg/gm AAE) 

1 S1 Extract 8.84±0.34 

2 S2 Extract 7.48±0.57 

3 S3 Extract 10.75±0.32 

Values are mean ± SD, n = 3; S1 - immature stage; S2 - 

intermediate stage; S3 – mature stage; AAE – Ascorbic 

acid equivalent 

The present study is the first to evaluate the 

antioxidant property at different ripening stages of 

maturity. Based on the present results, it can conclude 

that fruit ripening stage had profound effects on 

polyphenolic contents and antioxidant activity of amla 

fruit. Considering its high content of antioxidants, amla 

fruit might be considered as an interesting food to 

improve the antioxidant status and to obtain the 

maximum nutritional and medicinal benefits of such 



fruits. Further studies are needed in order to understand 

the impact on the nutritional values of P. emblica L. of 

various environmental conditions during the growing 

period and after harvest. 
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