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Abstract
The most celebrating fruit in Indian traditional medicine Ayurveda is the Indian gooseberry 

also known as amla fruit, used the prevention of numerous diseases. No reports are available 
on the prevention of ESBL produced MDR bacteria has lead us to investigate amla’s bioactive 
compounds (total phenolics, fl avonoids, tannins) and their antioxidant and antibacterial 
activities against MDR bacteria (E coli, P aeruginosa, S aureus, K pneumoniae, H infl uenza, S 
typhi). Higher levels of phenolics with elevated levels of antioxidant activities were noticed 
in amla extracts and also scavenged all types of free radicals including DPPH, ABTS, -OH, 
H2O2, and superoxide radicals at lowest concentrations. Disc diffusion method was used for 
determination of antimicrobial activities of extracts and seen temperate growth inhibition 
against MDR bacteria as compared to control drug, cefotaxime. The results concluded that 
Indian gooseberry inhibited the growth of ESBL produced MDR bacteria with high levels of 
phenolics and their antioxidant potential. 
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Introduction
β-Lactam antimicrobial agents are the routinely used in prevention of 

bacterial infections. The persistent exposure of bacteria to β-lactam agents 
induces active and continuous production and mutation of β- lactamases 
in bacteria, and further expand their activity even against newly developed 
β-lactam antibiotics. These enzymes are known as extended-spectrum 
β-lactamases (ESBLs) [1,2]. These enzymes in bacteria hydrolyses the 
β-lactam antibiotics by opening of the β-lactam ring, making antibiotics 
inactive. In recent years, ESBL-producing Multidrug Resistant (MDR) 
organisms are becoming a problematic cause of infections worldwide [3]. 
Recent surveys notices a signifi cant increase in the ESBL incidence rate 
from all parts of the world including our previous study [1,4-6]. In spite 
of large number of antibiotics available in pharmaceutical market, their 
usage was restricted due to drug resistance among bacteria, and also toxic 
side eff ects possessed by many of prescribed antimicrobials, warranting 
a search for novel antimicrobial compounds that could signifi cantly 
overcome these drawbacks. In recent years, traditional medicines gained 
special interest all around world because of safe use and also an importance 
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resource for discovery of new antibiotics [7,8]. 
Numerous studies reported traditional remedies are 
highly eff ective against these MDR bacteria [9,10].   

Indian gooseberry (Phyllanthus emblica Linn.) 
is one of the routinely used fruit in local traditional 
medicine Ayurveda (India), Traditional Chinese 
Medicine, and Tibetan medicine. The fruit has 
been reported to possess several pharmacological 
properties, such as analgesic, antioxidant, anti-
infl ammatory, antifungal, antibacterial, anticancer, 
antiviral activities and chemo protective activities 
[11-15]. To reduce side eff ects of synthetic antibiotics 
usage in treatment of MDR diseases, the common 
culinary herbs that exhibit antimicrobial activity 
could be a source of natural drugs.  Although some 
authors reported that Indian gooseberry contains 
potent antimicrobials and antioxidants, there is 
no report on the antimicrobial activities especially 
against MDR bacteria isolated from clinical samples. 
Thus, the present study was designed to assess the 
levels of bioactive compounds, antioxidants of amla 
and evaluating their antimicrobial activities against 
multidrug resistant bacteria. 

Materials and Methods
Preparation of amla extracts

Fresh amla fruits (Phyllanthus emblica L.) collected 
from botanical garden of Yogi Vemana University 
campus, Kadapa, Andhra Pradesh, India and voucher 
specimen with a number YVUH-1990, have been 
deposited at the Herbarium, Yogi Vemana University, 
Kadapa – 516003, A.P., India. The seed and pulp 
part of amla fruit were separated, air-dried at room 
temperature and ground into a fi ne powder in a 
blender.  Amla seed or pulp powder was extracted 
in 80 % ethanol by vortexing for 2 minutes and 
incubating at 40C overnight in a shaking incubator. 
After incubation, the extracts were collected, fi ltered, 
and concentrated in vacuum under reduced pressure 
by using rota evaporator (Heidolph rotary evaporator, 
Germany). Concentrated extracts were obtained, 
aliquoted and stored at -800C until use. 

Determination of bioactive compounds (total 
phenolics, fl avonoids, and tannins)

The bioactive compounds of amla were determined 
by using Folin-Ciocalteu method for total phenolics, 
Aluminium chloride method for fl avonoids and 
Vanillin-HCl method for tannins as previously 
described [16,17]. 

Determination of antioxidant activities of amla 

Antioxidant activity of ethanol extracts of amla 
were quantifi ed through free radical scavenging 
assays as described previously [17]. The free radicals 
used in the study includes DPPH (2,2-diphenyl-
1-picrylhydrazyl), ABTS (2,2′-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid), hydrogen 
peroxide (H2O2), hydroxyl (-OH), and superoxide (O-
2). Free radical scavenging activities evaluated in % of 
inhibition and expressed in IC50 values. 

Determination of antibacterial activity

Bacterial strains and clinical isolates: All ESBL 
producing multidrug resistant bacterial isolates 
(Escherichia coli, Klebsiella pneumoniae, staphylococcus 
aureus, Salmonella typhi, Pseudomonas aeruginosa 
and Proteaus vulgaris) were obtained from tertiary 
care hospital after ESBL screening and confi rmation 
performed by modifi ed Kirby Bauer’s disc diff usion 
method as described previously [5]. Cefotaxime, 
ceftazidime, ceftriaxone discs were used for screening 
ESBLs production according to NCCLS guidelines [18]. 

Preparation of inoculum: Loop full of 24 h bacteria 
culture was taken and mixed in 5 ml of nutrient broth. 
Tube was incubated in a shaking incubator until 
culture reaches the 0.5 McFarland units which is equal 
to bacterial concentration 1.5x108 CFU. 

Antimicrobial activity

Bacterial culture spread over the Muller-Hinton 
agar plate with cotton swab. Whatman No.1 fi lter 
paper discs of size (6 mm) were placed at four corners 
of petri dishes and dropped 20 μl amla extract over 
discs. The entire set up was incubated at 37 0C for 24 h, 
the Zone of Inhibition (ZOI) was measured and results 
expressed in cm. Cefotaxime (30 μg/disc) was used as 
the standard antibiotic.

Statistical analysis

Each experiment was carried out fi ve times. 
All results depicted in fi gures and tables are in 
Mean ± Standard error. Statistical signifi cance was 
determined by using one-way ANOVA post-hoc 
multiple comparisons from Duncan Multiple Range 
(DMR) Test at a signifi cance level of p ≤ 0.05. 

Results and Discussion
High-dose and prolonged antimicrobial therapy 

and drug resistance in bacteria decimates benefi cial 
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commensals and predisposing to pathogen invasion 
[19]. Natural bioactive compounds or nutrients 
isolated from plant sources are possessing antioxidant, 
antibacterial, preventative and nutritive values could 
be used as safe antimicrobials in the suppression of 
invasive pathogens [20]. In this connection, ethanolic 
extracts of amla are used in present study for 
evaluation of bioactive compound composition (total 
phenolics, fl avonoids, tannins) and their antioxidant 
property with free radical scavenging activities along 
with antimicrobial activities against ESBL produced 
MDR bacteria.  

Bioactive rich amla having potential antioxidant 
property

Indian gooseberry fresh fruits were extracted with 
80% ethanol and found signifi cant levels of bioactive 
compounds and represents a promising source of 
human health promoting agents. The results were 
depicted in (Table 1).  Amla pulp comprises of high 
levels of total phenolic compounds (85 ± 6.8 mg 
GAE/g) as compared to seed (67 ± 4 mg GAE/g) in 
fresh amla fruits. Total phenolics have been proved to 
be responsible for the antioxidant and antimicrobial 
activity of amla fruit [9,13,21]. The amounts of 
fl avonoids from 6 to 10 QE/gm and tannins from 
8 to 9 mg/g, respectively were observed. These 
fi nding are in agreement with previously published 
data reporting higher levels of polyphenols, and 
fl avonoids responsible antioxidant and antibacterial 
activity [13,22,23]. Antioxidant potential of Amla 
extracts were evaluated by determining the DPPH, 
ABTS, Hydrogen peroxide, Hydroxyl and Superoxide 
free radical scavenging assays and the results were 
depicted in (Table 1). Amla extracts exhibited DPPH 
and ABTS free radical scavenging properties at lowest 
IC50 concentrations indicating highest antioxidant 
potential as compared to standard antioxidants 
ascorbic acid (Vitamin C)/BHT. The results in table 1 
indicating the higher values of DPPH, ABTS, OH and 
H2O2 free radical scavenging activity in amla seed 

with superoxide radical scavenging activities higher 
in amla pulp region. Based on these results amla 
extracts are good source of free radical scavengers. 
These results are in agreement with previous studies 
showing presence of emblicanins and rutin which 
favors for ascorbic acid formation [13]. It is identifi ed 
that the amla extracts exhibited stronger antioxidant 
activity because of higher phenolics, and tannins, 
which could be acted as antioxidant agents. The 
results reveal that the amla is possessing excessive 
antioxidant potential in suppressing highly toxic 
free radicals (Table 1). Fresh amla pulp is having high 
superoxide radical scavenging activity compared to 
seed. Phenolic compounds of amla enhances overall 
antioxidant activities by the mechanisms of free 
radical inactivation and supressing hydroperoxides 
decomposition into free radicals. Correlations with 
free radical scavenging activity (antioxidant activity) 
with phenolic content of amla extracts exhibited 
a signifi cant correlations indicating phenolics are 
responsible for antioxidant properties. In connection, 
Kumar GS, et al. [9] observed in his studies that 
phenolic fraction is the major antioxidant compounds 
in amla. The superoxide generates dangerous 
hydroxyl radicals as well as singlet oxygen, both of 
which contribute to the oxidative stress [24]. These 
free radical activity was eff ectively suppressed by 
amla and its bioactive compounds. These antioxidant 
properties of amla may contribute the pharmaceutical 
properties to cure various diseases.

Amla suppresses the growth of ESBL produced 
MDR bacteria

The antimicrobial activity of the amla extracts 
against ESBL producing multidrug resistant 
bacteria was examined qualitatively by the presence 
or absence of bacterial growth in terms of zone 
inhibition determined through disc diff usion method. 
ESBL positive strains of E. coli, Klebsiella pneumoniae, 
Staphylococcus aureus, Salmonella typhi, Pseudomonas 
aeruginosa, Hemophilus sp., Enterococci sp., and Proteaus 

Table 1: Bioactive compounds and their antioxidant potential of amla extracts.

Plant extracts
Bioactive compounds

(mg/gm of amla extract)
Free radical scavenging properties

(IC50 in μg GAE/ml)
Total phenolics Flavanoids Tannins DPPH ABTS -OH H2O2  Superoxide 

Amla Seed 85 ± 6.8a 6.2 ± 0.43a 7.8 ± 1.3a 70 ± 5a 62 ± 4a 80 ± 5.8a 52 ± 2a 65 ± 7.2a

Amla Pulp 67 ± 4b 10 ± 2.4b 9.0 ± 1.6b 15 ± 1b 55 ± 6b 45 ± 3.8b 38±4b 98 ± 8.3b

Standard 
antioxidant

- - -
83 ± 6c

Vit C
78 ± 6c

Trolox
68 ± 5.8c

Mannitol
64 ± 5c

 Vit C
48 ± 3.2c

BHT
The data represented as mean ± SE for fi ve independent determinations and the mean value bearing different alphabets (shown in superscript) 
in the same column are signifi cantly different at p < 0.05 according to DMR test.
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vulgaris were used in this study. Results from the 
antimicrobial disc diff usion method are summarized 
in fi gure 1 and table 2, respectively. Most of the 
extracts showed good inhibitory activity against all 
ESBL producing multidrug resistant bacteria which 
were isolated from clinical samples of tertiary care 
hospital. The concentration of extract placed on the 
disc in terms of total phenolics at the concentration 
of 25 and 50 μg GAE, however, the results exhibited 
highest activities at 50 μg GAE/disc. Amla seed extract 
is having high inhibitory activity as compared to pulp 
extract due to higher levels of bioactive compounds 
and their antioxidant properties of amla seed. The 
zone of inhibition of bacterial growth in the presence 
of amla extracts is 40 – 70% of cefotaxime (positive 

control antibiotic) zone of inhibition indicating the 
amla comprising of eff ective bioactive compounds 
which inhibits the bacterial growth as similar to 
standard antibiotic drug. Recently, similar results 
were reported in amla with effi  cient antioxidant 
properties with enhanced antibacterial activity due to 
highest phenolic content [25-28]. These results reveal 
that the amla extract is having moderate antibacterial 
activity and can be used in therapeutics to cure 
bacterial infectious diseases. Further it is observed 
that the naturally antibiotics containing extracts 
like amla are as potential as chemical synthesized 
standard antibiotic drugs in inhibiting bacterial 
growth and main advantage is not developing any 
type of drug resistance with safe use.  

 

   

   

Figure 1 Antibacterial activity of amla extracts against ESBL produced bacteria determined through disc diffusion method.

Table 2: Antibacterial activity against ESBL producing multidrug resistant bacteria.

Bacteria
Diameter of Zone of inhibition in cm Control

Cefotaxime
(30 μg/disc)

Amla seed Amla pulp
25 μg 50 μg 25 μg 50 μg

E. coli (Non ESBL) 0.55 0.95a 0.5 0.78b 1.5c

E. coli 0.5 0.8a 0.5 0.65b 1.2c 
Klebsiella pneumoniae 0.5 0.81a 0.5 0.78a 2.0b 

P aeruginosa 0.5 0.79a 0.5 0.65b 1.5c 
Staphylococcus aureus 0.5 0.88a 0.5 0.61b 1.2c 

Haemophilous sp. 0.5 0.79a 0.5 0.74a 2.0c 

Proteus mirabilis 0.5 1.04a 0.5 0.84b 1.8c 
Enterococci sp. 0.5 0.7a 0.5 0.72a 1.8b 
Salmonella typhi 0.5 0.95a 0.5 0.65b 1.5c

The data represented as mean of fi ve independent determinations and the mean value bearing different alphabets (shown in superscript) at 50 
μg GAE of amla seed and amla pulp in the same row are signifi cantly different at p < 0.05 according to DMR test.  
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Conclusion
The results conclude that amla fruits indeed 

comprises of high levels of phenolics displaying 
antioxidant potential at lowest concentrations which 
will further exhibited good antibacterial activity 
against all ESBL producing multidrug resistant 
bacteria. This study indicate that the Indian gooseberry 
is having benefi cial biochemical characteristics and 
can be used in treatment of various diseases. The 
study proposes amla can be used in therapeutics to 
cure bacterial infectious diseases as a good source of 
natural antimicrobial compound. 
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