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Abstract The research evaluated the bioactivities of seed coat and embryo extracts from Indian 

gooseberry (Phyllanthus emblica Linn). The crude methanolic extract was further successively 

extracted with hexane, ethyl acetate, n-butanol and water by liquid-liquid partitioning method. 

The total phenolic content (TPC) in each solvent-extracted fraction was determined by Folin-

Ciocateu method. The ethyl acetate seed coat extract possessed the highest TPC with values of 

439.09±5.49 milligrams gallic acid equivalent (mgGAE)/g extract. The antioxidant activity of 

each extract was examined using ferric-reducing antioxidant power (FRAP) and 2, 2′-azinobis-

(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS
•+

) assay. The ethyl acetate seed coat extract 

revealed 50% inhibitory concentration (IC50 value) at a concentration of 31.53±0.36 

microgram/milliliter (µg/ml) and ferric-reducing antioxidant power with 751.92±5.22 

milligrams ascorbic acid equivalent (mgAAE)/g extract. The antibacterial activity of each 

extract was performed using disc diffusion method. The ethyl acetate seed coat extract 

demonstrated the greatest bacterial inhibition against Bacillus subtilis ATCC 6633, Bacillus 

cereus DMST 5040, Staphylococcus epidermidis ATCC 12228, Staphylococcus aureus TISTR 

1466, and Micrococcus luteus ATCC 9341. These results suggested that the seed coat extracted 

with ethyl acetate could be served as a natural source of the bioactive compounds and used in 

the preparations of products such as drugs, anti-aging supplements, and cosmetics.  
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Introduction 

 

Phyllanthus emblica Linn., commonly found in Indian gooseberry or 

makham pom in Thailand, belongs to the family Euphorbiaceae. The Indian 

gooseberry is widely grown in South-East Asia, especially in tropical forests 

(Dinesh et al., 2016). The fruits are generally used in herbal medicine as fever 

reducer, wound healing promoter, cough and sore throat reliever, and immune 

system inducer. It has been known that this fruit contains a high level of 
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vitamin C, an effective antioxidant. (Verma and Gupta, 2004; Namiesnik et al., 

2013). In addition, the fruit, leaves, bark, and branch were sources of many 

bioactive compounds, including polyphenols, flavonoids, gallic acid, ellagic 

acid, and other bioactive compounds, which were found to inhibit the 

oxidation most efficiently (Kumar et al., 2014; Patel et al., 2016). Furthermore, 

the plant materials were scientifically reported for its anticancer, antitumor, 

antibacterial and anti-inflammatory activities (Ngamkitidechakul et al., 2010), 

and found to decrease dangerous diseases such as diabetes, coronary heart 

disease and rheumatoid (Baliga and Dsouza, 2011). However, there have been 

only a few reports on the bioactivities of Indian gooseberry seed coat and 

embryo extracts. Hence, the aims of this research were to investigate the total 

phenolic content, antioxidant and antibacterial activities of Indian gooseberry 

seed coat and embryo extracts. In addition, the total phenolic content in the 

extracts was qunrified. The results obtained from this preliminary study would 

be beneficial to the developments of novel medical products. 

 

Materials and methods  
 

Preparation of extracts from Indian gooseberry 

 

Fresh Indian gooseberries were collected from Phrae province, 

Thailand. The whole fruits were dried, and fleshy parts were then grated. The 

seeds were dried at 40°C, which the seed coat were physically detached from 

the embryo. The dried seeds were ground and soaked three times with methanol 

by maceration at room temperature. After 7 days, the methanolic extract was 

filtered through a filter paper (Whatman No. 1), and the solution was 

subsequently concentrated using a rotary evaporator. The crude methanolic 

seed coat and embryo extract was dissolved with sterilized water and 

partitioned successively with hexane, ethyl acetate, n-butanol and water 

(Beedessee et al., 2012). Each of partitions was evaporated using a rotary 

evaporator and then stored in a desiccator until used.  

 

Determination of total phenolic content  

 

The total phenolic content (TPC) was determined by Folin–Ciocalteu 

method with some modifications (Quy et al., 2014). Twenty five microliter (μl) 

of each extract sample at a concentration of 500 microgram/milliliter (µg/ml) 

was mixed with 125 μl of 10% Folin–Ciocalteu reagent solution in a well of a 

96-well plate and incubated for 5 min. To each solution, 100 μl of 7.5% 

Na2CO3 solution was then added immediately, and the whole solutions were 

incubated for 60 min in the dark. The absorbances of the solutions were finally 
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measured at 765 nm. Gallic acid was used as standard compound, and total 

phenolic content was expressed as mgGAE (milligrams gallic acid 

equivalent)/g extract.  

 

Antioxidant assays 

 

Ferric-reducing antioxidant power (FRAP) assay  

The FRAP assay was prepared followed by Saeed et al. (2012) with some 

modifications. Twenty μl of each sample extract (250 µg/ml) was mixed with 

180 µl of freshly prepared FRAP-TPTZ solution, and the whole solution was 

then incubated in the dark at room temperature for 6 min. The absorbances of 

the solutions were measured at 593 nm. The standard curve was constructed 

using ascorbic acid (0-100 μg/ml), and the reducing antioxidant power activity 

was expressed as mgAAE (milligrams ascorbic acid equivalent)/g extract. 

 

ABTS
•+

 scavenging activity assay 
 
 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS

•+
) 

scavenging activity assay was performed according to Saeed et al. (2012). 

ABTS
•+

 scavenging activity was measured by mixing 20 μl of each extract (0-

150 μg/ml) with 180 μl of ABTS
•+

 solution, and the solution was incubated for 

6 min. The absorbances of the solutions were subsequently measured at 734 

nm. The ABTS
•+

scavenging activity was calculated using the following 

equation: 

 

The ABTS
•+

scavenging activity (%) = [(absorbance of the control–

 absorbance of the sample) / (absorbance of the control)]×100 

 

The data were presented as mean of triplicate. The concentration required 

for 50% inhibition of ABTS
•+

 (IC50 value) was determined graphically.  

 

Assessment of antibacterial activity 

 

 Microorganisms, i.e., Bacillus subtilis ATCC 6633, Bacillus cereus 

DMST 5040, Staphylococcus epidermidis ATCC 12228, Staphylococcus 

aureus TISTR 1466, and Micrococcus luteus ATCC 9341, were obtained from 

the Deparment of Biology, King Mongkut’s Institute of Technology 

Ladkrabang (KMITL), Thailand. The antibacterial activities of the extracts 

were performed by the disc diffusion method (Meerungrueang et al., 2014). 

The extract solutions (1,000 µg/disc) were loaded on sterilized filter paper discs 

of 6 mm in diameter and dried for 10 min. The discs were placed on the surface 
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of the previous inoculated Mueller-Hinton agar (MHA) and incubated for 24 h 

at 37°C. DMSO: deionized water (1:1 v/v) and gentamycin (10 µg/disc) were 

used as a negative control and a positive control, respectively. The clear zones 

of bacterial inhibition around the discs were to be observed.  

 

Statistical analysis 

 

The data were expressed as means±standard deviations (SD) of 

measurements from three independent replicates (n=3). The data were 

statistically analyzed by a statistical package program version 20.0 (SPSS 20.0) 

using Duncan’s multiple range test (DMRT); p<0.05 was considered as 

statistically signifcant. 

 

Results  

 

Total phenolic content 
 

The total phenolic contents of the seed coat and embryo extracts were 

estimated using gallic acid (0-150 μg/ml) as a standard compound. A linear 

calibration curve of gallic acid showed y=0.0085x, where x is the explanatory 

variable, y is the depentdent variable and the slope of the line is 0.0085 with R
2
 

value of 0.99 (the square of the correlation coefficient is R). The Indian 

gooseberry extracts were found to have various total phenolic contents, ranging 

from 64.52 to 439.09 mgGAE/g extract. As revealed in Table 1, the ethyl 

acetate extract prepared from the seed coat had the highest total phenolic 

content, with an average value of 439.09±5.49 mgGAE/g extract. The lowest 

content was observed in the hexane extract prepared from the embryo, with an 

average value of 83.00±4.50 mgGAE/g extract.  
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Antioxidant activities  

 

Ferric-reducing antioxidant power (FRAP) 

The ferric-reducing antioxidant power assay was used to determine the 

antioxidant activities of the extracts, which were calculated using the standard 

curve of ascorbic acid (y=0.0152x, R
2
=0.99). It was found that the seed coat 

and embryo extracts from Indian gooseberry had the FRAP activities, ranging 

from 83 to 751 and 86 to 688 mgAAE/g extract, respectively. The ethyl acetate 

extract prepared from the seed coat possessed the highest FRAP activity that 

was 751.92±5.22 mgAAE/g extract, as revealed in Table 1.  

 

ABTS
•+

 scavenging activity  

The ABTS
•+

 scavenging activities of the extracts (0-150 µg/ml) are 

expressed as IC50 value at which the ABTS
•+

 scavenging activities of the seed 

coat and embryo extracts were found in the ranges of 31-134 and 37-67 µg/ml, 

respectively.  The ethyl acetect extract prepared from the seed coat exhibited 

the highest ABTS
•+

 scavenging activity with IC50 value at 31.53±0.36 µg/ml 

(Table 1 and Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The ABTS
•+

 scavenging activity of the partitioning extracts from    

 Indian gooseberry seed coat and embryo.  

 

Antibacterial activity 

 

The clear zones of bacterial inhibition of eigth extracts prepared in 

different solvents are presented in Table 2. All the extraction has overall 
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potential antibacterial activity. Apparently, the ethyl acetact extract prepared 

from the seed coat exhibited the greatest antibacterial activity against all 

bacteria tested,i.e., Bacillus subtilis ATCC 6633, Bacillus cereus DMST 5040, 

Staphylococcus epidermidis ATCC 12228, Staphylococcus aureus TISTR 

1466, and Micrococcus luteus ATCC 9341, with the clear zone diameters of 

15.27±0.56, 14.76±1.92, 16.80±2.21, 15.51±2.17, and 16.57±1.59 mm, 

respectively. 

 

Table 1. Total phenolic contents, ferric-reducing antioxidant power and 50% 

inhibited concentration of ABTS+scavening activities of seed coat  and embryo 

extracts from Indian gooseberry 

*
The data are expressed as means±standard deviation (SD), three replicates (n=3). 

#
IC50 value was the inhibited concentration scavenged by 50%. 

 The letters a-g within the same column indicate the statistical significances at p<0.05.  

 

Table 2. The clear zones of bacterial inhibition of the extracts prepared from 

the seed coat and embryo of Indian gooseberry. 
Indian 

gooseberry 

The clear zone diameters observed around test discs (mm)±SD* 

B. subtilis B. cereus M. luteus S. epidermis S. aureus 

Seed coat-Hexane 7.83±0.57
b
 10.01±1.66

 c
 8.76±0.95

c
 9.53±0.53

c
 11.25±1.98

 
b
 

Seed coat-EtOAc 15.27±0.56
 a
 14.76±1.92

 a
 16.57±1.59

 a
 16.80±2.21

a
 15.51±2.17

 a
 

Seed coat-BuOH 12.47±1.02
 a
 12.35±1.22

 b
 13.59±1.05

 b
 14.25±2.50

 b
 16.30±2.40

 a
 

Seed coat-Aqueous 7.22±0.65
 b
 6.62±0.35

 d
 7.04±0.14

 d
 NA 9.15±0.80

 c
 

Embryo-Hexane 6.77±0.41
b
 9.23±1.05

 b
 7.34±0.32

 d
 8.26±0.83

c
 7.17±1.15

d
 

Embryo-EtOAc 14.22±1.12
 a
 14.61±1.00

 a
 16.19±1.46

 a
 16.34±2.62

 a
 16.25±1.56

 a
 

Embryo-BuOH 13.91±1.39
 a
 11.73±0.74

 b
 13.63±0.89

 b
 13.42±0.78

 b
 15.48±0.79

 a
 

Embryo-Aqueous 6.74±0.33
 b
 6.76±0.22

 d
 6.35±0.22

 d
 NA 10.95±0.36

 b
 

Gentamycin  

(10 µg/disc) 
23.53±0.54 29.08±1.99 23.16±1.24 30.01±0.83 29.47±0.93 

*Each value was presented as mean±standard deviation (SD), three replicates (n= 3). 

 The letters a-d within the same column indicate the statistical significances at p<0.05.  

 NA represented no the clear zone inhibition 

Indian gooseberry 

TPC 

(mgGAE/g 

extract)
*
 

FRAP 

(mgAAE/g 

extract)
*
 

IC50 value (µg/ml)
*# 

ABTS
•+

  

scavenging activity 

Seed coat-Hexane 126.41±2.60
e
 83.86±1.90

g
 134.71±4.61 

Seed coat-EtOAc 439.09±5.49
a
 751.92±5.22

a
 31.53±0.36 

Seed coat-BuOH 260.77±5.45
c
 525.87±5.93

c
 41.82±0.39 

Seed coat-Aqueous 130.70±5.58
e
 114.59±3.19

e
 78.74±1.83 

Embryo-Hexane 83.00±4.50
f
 86.45±3.59

g
 >150 

Embryo-EtOAc 399.40±4.39
b
 688.16±6.69

b
 37.15±0.36 

Embryo-BuOH 198.60±3.28
d
 305.82±5.13

d
 67.06±0.92 

Embryo-Aqueous 64.52±3.44
g
 97.44±1.59

f
 >150 
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Discussion 
 

The obtained results were in good accordance with the findings reported 

by Mishra and Mahanta (2014) that was the extracts from the seed coat of 

Indian gooseberry possessed high total phenolic contents. In addition, the ethyl 

acetate extract prepared from the seed coat had the highest total phenolic 

content, similar to the result disclosed in the literature (Mishra et al., 2015). 

The antioxidant activity of Indian gooseberry was previously researched by 

Nadheesha et al. (2007); it was reported that its seed had a higher antioxidant 

activity its fruit. The polyphenolic compounds present in the seed were likely 

contributed to the high antioxidant activity.  

From these obtained results, the relationship between the total phenolic 

content and antioxidant activity of the seed coat and embryo extracts were 

determined, to confirm that the polyphenolic compounds were really attributed 

to the antioxidant activity found in Indian gooseberry, as reported previously 

(Cai et al., 2004; Wong et al., 2005). In addition, the major compound of the 

seed coat might contain polyphenols compounds, such as catechin acid, caffeic 

acid, chlorogenic acid, p-coumaric acid, gallic acid, quercetin acid, and vanillic 

acid (Mishra et al., 2015).  

Antimicrobial activity of the extracts from seed coat and embryo of 

Indian gooseberry, was measured against selected bacteria, including bacterial 

food poisoning and an intestinal pathogen. It was previously reported that the 

extract from the Indian gooseberry seed possessed the the antimicrobial activity 

against S. aureus and B. cereus (Dabur et al., 2007; Priya et al., 2012). 

In this study, the total phenolic content, antioxidant activity, and 

antibacterial property of the seed coat and embryo of Indian gooseberry were 

investigated. The bioactivities of the extracts prepared from the seed coat were 

found to be higher than those of the extracts prepared from the embryo. 

Furthermore, among all the solvents used, the ethyl acetate extract from the 

seed coat was found to be the most potent. Further studies on the identification 

of polyphenolic compounds present in the extracts are to be conducted to 

confirm the functionality present in Indian gooseberry. 
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