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Abstract 
Fermentation of fruit and vegetable peels produces garbage enzyme (GE) which was used to obtain industrially beneficial 
products. This study was conducted for the characterization of GE and evaluation of its biocatalytic and antimicrobial activity. 
The maximum activity of amylase, protease and lipase were 1.782 units/mg, 0.050 units/mg and 0.355 units/mg respectively 
were found in optimum conditions which also showed antioxidant properties. The enzyme solution was separated by Fast 
Protein Liquid Chromatography (FPLC) and experiments were conducted for antimicrobial activity with the FPLC gener-
ated fractions of GE on both gram positive and gram negative bacteria. Inhibition zones were measured from concentration 
dependent bioassay analysis of lyophilized FPLC fractions. FPLC fraction II offered best zone of inhibition in Escherichia 
coli, Staphylococcus aureus and in Rhizobium leguminosarum. Molecular weight of above fraction was determined by SDS-
PAGE technique. Significant research findings of this research work will help in developing newer potential commercializable 
antimicrobial agents from GE generated from fruit and vegetable waste.
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Statement of Novelty

This study reveals that laboratory prepared Garbage Enzyme 
has potent bio-catalytic, antimicrobial as well as antioxidant 
properties. The procedures and parameters standardised in 
this research work can be used for production of antimi-
crobial agents having tremendous potential of industrial 
applications.

Introduction

The worldwide increase in human population and its increas-
ing demand for food products is the leading cause for the 
generation of large amount of food waste. Reports claim 
that about one-third of the total food products gets wasted 
globally [13]. The vegetable and fruit markets, restaurants 
as well as domestic households produce a large amount of 
decomposable wastes including vegetable and fruit peels and 
dregs. At least 25–30% of many fruits are not further used 
and considered as waste [2, 3]. About 50 million tons of 
vegetable waste is generated in India only, which accounts 
to about 30% of its total agricultural production [31]. Wastes 
from fruits and vegetables are produced on a daily basis in 
huge amount due to inadequate storage facilities and some-
times lack of transportation. Decomposing these wastes is 
a prime issue as it produces greenhouse gases like meth-
ane and nitrous oxide [6, 7]. Much of these are dumped on 
land to rot in the open. Further, the foul smell and dirt of 
the decomposing waste creates a nuisance around the area. 
Improper throwing of the vegetable wastes leads to detri-
mental effects to the environment. In addition, it further 
contributes to breeding of flies, mosquitoes, rats and some 
disease vectors at the disposal areas [33].

Instead of throwing the waste, these wastes can be used 
for production of garbage enzyme. In 2006, Dr Rosukon 
from Thailand used vegetable waste to develop a product 
called Garbage Enzyme (GE). GE is a complex organic sub-
stance of protein chains, minerals and salts produced from 
the fermentation of vegetable peels, water and brown sugar 
[29]. In the fermentation process, molasses has been used as 
substrate.GE has been reported to possess protease, amylase 
and lipase activity and pathogen inhibiting or pathogen kill-
ing property after fermenting for 3 months [7]. Thus, it can 
be used in various processes involving protein, carbohydrate 
and lipid degradation in the same way as commercial hydro-
lytic enzyme. GE also contain some amount of organic acids 
(acetic acid, lactic acid, malic acid, oxalic acid and citric 

acid) but as it matures acetic acid concentration increases 
due to anaerobic production [6, 7].

GE is widely used in countries like Malaysia as a cheap 
waste water treatment method, as a fertilizer, insect repel-
ling agent, in household cleaning and detergents [24]. Nazim 
and Meera [24] used GE to see the effect on synthetic grey 
water and by this treatment phosphorous and nitrogen were 
removed from the water. Tang and Tong [29] also studied 
the effect of GE on wastewater and found that the total dis-
solved solids and chemical oxygen demand were reduced by 
20–60% when treated with garbage enzyme.

Some reports showed that the waste generated from veg-
etables and fruits can be used for investigation of poten-
tial harmless compounds having antioxidant activity [16, 
27, 30]. The use of compounds having antioxidant activity 
in diet can be beneficial in reducing the negative effects of 
reactive oxygen species in the body. Increase in oxidative 
stress triggers the complications associated with diabetes 
[22]. High quality antioxidant compounds are found in peels 
of fruits and vegetables [5, 17, 21, 23, 26, 28]. Park et al. 
[25] found that the antioxidant activity of methanol extract 
of orange peel is 1402.9 µg/ml. The compounds responsible 
for antioxidant activity can be isolated from the orange peels 
and can be added as supplementary ingredients to enrich the 
quality of food to provide health benefits.

The objectives of this study are production, purification 
and characterization of GE and evaluation of its bio-cata-
lytic as well as antioxidant properties. Fast Protein Liquid 
Chromatography (FPLC) analysis was done for separation 
of GE into several factions. Antimicrobial potential of GE 
was investigated to confirm the pathogen killing/inhibiting 
properties of FPLC generated fractions of GE which was 
tested with the bacterial test strains viz. Escherichia coli 
(Gram negative), Staphylococcus aureus (Gram positive) 
and Rhizobium leguminosarum (gram negative).

Materials and Methods

Production of Garbage Enzyme

Vegetable waste consisting of cabbage, potato and pumpkin 
peels and dregs of 150 g were collected from hostel mess 
and molasses (50 g) were mixed in 500 ml of water in an 
airtight container. The container was placed in an incuba-
tor (Orbitek, Scigenics Biotech) at 37 °C and 150 rpm for 
26 days. The extract was filtered, centrifuged at 3000 rpm, 
4 °C for 10 min. The supernatant obtained was collected and 
all the experiments were conducted from this supernatant.
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Characterization of Garbage Enzyme

Measurement of pH

The enzyme solution was taken in a beaker and its pH was 
measured using MettlerToledo pH Meter.

Estimation of Total Protein Content

Total protein present in the enzyme solution was estimated 
by Bradford Assay [9]. 1 ml of enzyme solution was taken 
in three test tubes (T1, T2 and T3) and 1 ml distilled water 
in a test tube labelled ‘blank’. 3 ml Bradford reagent was 
added to each test tube and allowed to stand for 5 min. 
Absorbance was measured at 595 nm in a UV–Vis Spec-
trophotometer (Specord 210 Plus, Analytic Jena). The 
absorbance was used to calculate the protein concentra-
tion from a BSA (bovine serum albumin) standard curve.

Estimation of Total Carbohydrate Content

Total carbohydrate content was estimated using Phenol 
Sulphuric acid method [11] and [19]. The enzyme solution 
was diluted 100-folds using phosphate buffer. 1 ml enzyme 
solution was taken in three test tubes. A blank was set with 
1 ml distilled water. To each test tube, 1 ml of 5% Phenol 
solution was added. Then 5 ml of 96% Sulphuric acid was 
added and mixed well. The solution was allowed to stand for 
10 min and then vortexed, incubated at 25–30 °C for 20 min 
and absorbance was recorded at 490 nm. Total carbohydrate 
was estimated by comparing to a glucose standard curve.

Determination of Molecular Weight

Molecular weight of the enzyme solution was determined 
by SDS-PAGE (Sodium Dodecyl Sulphate—Polyacryla-
mide Gel Electrophoresis). A 10% resolving and 5% stack-
ing gel was prepared using Laemmli SDS PAGE procedure 
[19]. 10 µl enzyme solution mixed in sample loading buffer 
(1:1) and 5 µl HiMedia Prestained Protein Ladder (range: 
245–10 kDa) were loaded in the wells to obtain the protein 
bands. The gel was stained with Coomassie Brilliant Blue 
staining solution for 2 h and then kept in destaining solu-
tion overnight. The gel was observed in G:Box (Syngene)
gel doc system.

Biocatalytic Activity

The protease, amylase and lipase activity of the fractions 
showing antimicrobial activity was analysed. Protease, 

amylase and lipase are responsible for the degradation of 
protein, carbohydrate and lipids respectively.

Proteolytic activity

Proteolytic activity was determined by Sigma’s universal 
protease activity assay [10] using casein as a substrate. 
2.5 ml of 1% casein (prepared in sodium phosphate buffer) 
was taken in three test tubes labelled as T1, T2 and T3 and 
one labelled ‘Blank’. 0.5 ml of the garbage enzyme frac-
tion was added to test tubes 1, 2 and 3 and 0.5 ml distilled 
water to ‘Blank’. Then incubated at 37 °C and allowed to 
react for 10 min. The reaction was stopped by adding 0.5 ml 
of 5% Trichloroacetic acid (TCA). The contents of the test 
tubes were centrifuged at 3000 rpm for 10 min. The 2 ml 
of the supernatant obtained after centrifugation was taken 
in separate test tubes and added 4 ml of 0.5% copper sul-
phate, mixed and allowed to stand at room temperature for 
10 min. Then added 0.5 ml of Folin–Ciocalteu’s reagent 
mixed and allowed to stand for 30 min. The absorbances 
at 620 nm were measured in a Spectrophotometer against 
‘Blank’. The absorbances obtained were used to calculate 
the Proteolytic activity. Tyrosine standard curve was used 
to calculate micromoles tyrosine released which is used to 
calculate the specific activity of protease. Specific activity 
is the protease activity per milligram of protein per min-
ute. The formula used for calculation of specific proteolytic 
activity in units/mg is:

α‑Amylase Activity

The supernatant obtained after centrifugation of the Enzyme 
Solution was used for determination of α-amylase activity 
by 3,5-dinitrosalicylic acid (DNSA) method [8] using 1% 
starch as Substrate. 0.5 ml enzyme solution was allowed to 
react with 0.5 ml of 1% Starch for 20 min at 37 °C. Blank 
was prepared by adding 0.5 ml distilled water instead of 
enzyme solution. The reaction was stopped by adding 0.5 ml 
DNSA colour reagent and heating in a boiling water bath 
for 10 min. 5 ml distilled water was added after cooling 
to room temperature. Absorbance was recorded at 540 nm 
against Blank. The absorbance obtained was used to cal-
culate micromoles maltose released from a maltose stand-
ard curve which is used to calculate the specific activity 
of α-amylase. The formula used for calculation of specific 
α-amylase activity in units/mg is:

(1)

Units/mg =
Micromoles of tyrosine released × dilution factor

Total protein content × reaction time

(2)

Units∕mg =
Micromoles maltose released × dilution factor(df)

Total protein content × reaction time
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Lipase Activity

Lipase activity was determined by titrimetric method as 
described by ACS Specifications [1] with slight modifica-
tions. 2.5 ml distilled water, 1 ml 200 mM TrisCl buffer (pH 
7.7), 3 ml olive oil were taken in four 50 ml conical flasks 
(three tests and one blank). Mixed by swirling and equili-
brated at 37 °C. Then 1 ml enzyme solution was added to the 
flasks labelled test and incubated at 37 °C for exactly 30 min. 
1 ml distilled water was added to the flask labelled blank and 
incubated at 0–4 °C for 30 min. After 30 min of incubation, 
3 ml 95% Ethanol was added to both test and blank, mixed 
and then added four drops of 1% Phenolphthalein indicator. 
Each solution was titrated by 50 mM NaOH solution. Lipase 
activity was calculated using the following formula:

Antioxidant Activity

DPPH free radical scavenging assay was performed to eval-
uate the antioxidant property of the enzyme solution [32, 
18]. (0.010 g of 1,1-diphenyl-2-picrylhydrazyl (DPPH) was 
dissolved in 100 ml of methanol solution. Five concentra-
tions of garbage enzyme solution were prepared in potas-
sium phosphate buffer (pH 6.9): 1000 µg/ml, 500 µg/ml, 
250 µg/ml, 125 µg/ml and 62.5 µg/ml. 2 ml of each concen-
tration was taken in separate test tubes. Control was pre-
pared by taking 2 ml buffer in place of enzyme solution. To 
each test tube, 2 ml DPPH solution was added and mixed 
by vortexing and then incubated at room temperature for 
30 min. Blank was prepared by taking 2 ml methanol and 
2 ml buffer. Absorbance was measured at 517 nm against 
Blank. % inhibition was calculated and a graph between 
the concentration and % inhibition was plotted to obtain 
the  IC50. The experiment was performed in three replicates.

Ion Exchange Chromatography on FPLC

To fractionate the enzyme solution, FPLC (NGC System, 
Bio-Rad) was performed using Macro-Prep High Q Col-
umn, Column Volume 5 ml, flow rate 2 ml/min, low salt 
buffer 20 mM Tris–HCl buffer (pH 8.0) and high salt buffer 
25 mM Tris–HCl (pH 7.5). All buffers were previously fil-
tered through membrane filters. The enzyme solution was 
prepared for FPLC by desalting with Bio-Gel P-6 Desalting 
Column, flow rate 2 ml/min of a 15 ml of GE crude sam-
ple, previously equilibrated in the appropriate buffer before 
using Macro-Prep High Q Column. The FPLC columns 

(3)Units/mg =
(Volume of NaOH used for test − volume of NaOH used for blank) × df

Total protein content × reaction time

were equilibrated with suitable buffer. The enzyme solu-
tion was loaded to the columns and eluted with a gradient 
of sodium chloride. The eluents were monitored at 215, 
255, 280 and 495 nm using a UV detector. The fractions 
eluted were collected in 15 ml Falcon tubes and kept for 
antimicrobial activity studies.

Lyophilization of Isolated Enzymes

Lyophilization is a method of freeze drying process in which 
water is frozen, followed by its removal from the sample, 
initially by sublimation and then by desorption [4]. Lyoph-
ilisation of the FPLC fractions showing antibacterial activity 
was carried out using LyoQuest (Telstar) lyophilizer.

Antimicrobial Activity

Media Preparation

13 g Nutrient Broth (HiMedia) was added to 1000 ml dis-
tilled water to prepare the liquid media for revival of the bac-
terial strains. 13 g Nutrient Broth (HiMedia) was added to 
1000 ml distilled water having 1% Agar Powder (Bacterio-
logical), for E. coli and S. aureus, and 31.83 g of Yeast Man-
nitol Agar w/Congo Red (HiMedia) was added to 1000 ml 
distilled water, for R. leguminosarum, in two conical flasks. 
The conical flasks with medium and Petri plates were steri-
lized by autoclaving at 15 lbs pressure (121 °C) for 15 min.

Antimicrobial Activity of Crude Enzymes

Escherichia coli (Gram Negative, MTCC 443), S. aureus 
(Gram Positive, MTCC 3160) and R. leguminosarum (Gram 
Negative, MTCC 99) cultures were sub cultured in 100 ml 
Nutrient Broth. Then 100 µl from each culture was plated by 
spreading on suitable agar media. The supernatant obtained 
after centrifugation of the crude garbage enzyme solution 
was applied by disc diffusion method (NCCLS 1993). Kan-
amycin was used as standard antibiotic for E. coli and R. 

Table 1  Biochemical characterization of garbage enzyme

Total protein (mg/ml) 87.3 ± 0.659
Total carbohydrate (mg/ml) 85.1 ± 0.693
pH 3.85
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leguminosarum and Gentamicin was used for S. aureus. This 
was done under the laminar air flow to maintain the sterile 
condition. Then the petri plates were incubated at 37 °C for 
18–24 h.

Antimicrobial Activity of FPLC Fractions

The fractions obtained after FPLC were tested for antimi-
crobial activity in E. coli, S. aureus and R. leguminosarum.

Antimicrobial Activity of Lyophilized Enzymes

The lyophilized samples were weighed and three concentra-
tions were prepared in sodium phosphate buffer: 1000 mg/
ml, 500 mg/ml and 250 mg/ml. Antimicrobial activity for 
these samples were also evaluated in E. coli, S. aureus and 
R. leguminosarum in the same manner as described above.

Results

Characterization of Garbage Enzyme

Measurement of pH

pH of the enzyme solution measured using MettlerToledo 
pH Meter is found to be 3.85.

Estimation of Total Protein Content

The protein concentration was calculated by Bradford Assay 
using a BSA standard curve. The protein concentration of 
the enzyme solution was found to be 87.3 mg/ml and that of 
the FPLC fraction is 79.6 mg/ml (Table 1).

Estimation of Total Carbohydrate Content

The total carbohydrate concentration was calculated from 
a glucose standard curve and was found to be 83.6 mg/ml 
(Table 1).

Determination of Molecular Weight

After Coomassie Brilliant Blue staining of the SDS-PAGE 
gel, two distinct protein bands were observed in case of puri-
fied garbage enzyme proteins. Protein samples were loaded 
onto the gel wells having different concentrations (10 µg/ml, 
20 µg/ml, 50 µg/ml respectively). Molecular weights of the 
bands observed were around 70 kDa and 63 kDa (Fig. 1).

Biocatalytic Activity

Biocatalytic enzyme activities of the enzyme solution are 
listed in Table 2. Amylase activity was found to be the maxi-
mum, followed by lipase and protease, i.e., 1.782, 0.355 and 
0.050 units/mg protein, respectively (Fig. 2).

245 kDa

100 kDa

75 kDa

63 kDa

48 kDa

11 kDa

Band I
Band II

a                 b              c              d

Fig. 1  SDS-PAGE on a 10% gel to analyse the proteins present in 
garbage enzyme. Protein bands stained with Coomassie Brilliant 
Blue. a = ladder, b = 10 µg/ml sample, c = 20 µg/ml sample, d = 50 µg/
ml sample

Table 2  Specific enzyme 
activity of garbage enzyme 
(units/mg)

Amylase 1.782 ± 0.033
Protease 0.050 ± 0.003
Lipase 0.355 ± 0.002

Fig. 2  The vertical columns showing amount of specific enzyme 
activity in the garbage enzyme solution in units per mg protein per 
minute
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Fig. 3  Fractionation of crude GE by ion exchange, FPLC (NGC System, Bio-Rad) using HighQ column. F1, F2, F3 represents Fraction I, Frac-
tion II, Fraction III respectively

Table 3  Zones of inhibition (in 
mm)

Bacteria E. coli S. aureus R. leguminosarum

Antibiotic 10.0 (Kanamycin) 8.5 (Gentamicin) 7.0 (Kanamycin)
Enzyme solution (Crude) 8.0 5.0 6.75
FPLC fractions
 Fraction I 0 0 0
 Fraction II 7.5 5.0 6.5
 Fraction III 0 0 0

Lyophilized FPLC Fraction II
 1000 mg/ml 11.0 7.0 10.0
 500 mg/ml 8.0 6.5 6.5
 250 mg/ml 6.0 5.0 6.0

Fig. 4  Antimicrobial activity of crude enzymes. a E. coli plate: 
I = Antibiotic Kanamycin (10  mm), II = Negative control (0  mm), 
III = FractionII (8.5 mm), IV = Enzyme Solution (8 mm). b S. aureus 
plate: I = Antibiotic Gentamicin (8.5  mm), II = Negative control 

(0 mm), III = FractionII (5 mm), IV = Enzyme Solution (5 mm). c R. 
leguminosarum plate: I = Antibiotic Kanamycin (7  mm), II = Nega-
tive control (0 mm), III = FractionII (7.5 mm), IV = Enzyme Solution 
(6.75 mm)
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Proteolytic Activity

There was significant amount of protease activity in the 
enzyme solution. Specific protease activity was estimated 
to be 0.050 units/mg using 1% casein as substrate, at 37 °C 
and pH unadjusted (i.e., 3.85).

α‑Amylase Activity

Specific α-amylase activity was found to be 1.782 units/mg. 
1% starch was used as substrate for amylase activity.

Lipase activity

Specific lipase activity was estimated to be 0.355 units/mg 
using olive oil as substrate.

Antioxidant Activity

A concentration versus % inhibition graph was plotted using 
the data obtained from DPPH scavenging assay and  IC50was 
calculated which was found to be 1146 µg/ml.

Ion Exchange Chromatography on FPLC

In the present work, FPLC was carried out to purify and 
fractionate the proteins present in the garbage enzyme solu-
tion. Anion exchanger column (BioRad High Q column) was 
considered for the study to fractionate the proteins present 
in the enzyme solution. The FPLC chromatogram obtained 
from the analysis is shown in Fig. 3, which represents the 
garbage enzyme protein fractions. From the chromatogram, 
it can be clearly observed that there are 3 numbers of protein 
fractions (Fraction I, Fraction II, Fraction III) obtained after 

Fig. 5  Antimicrobial activity 
of FPLC fractions. a E. coli 
plate: I = Antibiotic Kanamycin 
(10 mm), II = FractionI (0 mm), 
III = FractionII (7.5 mm), 
IV = FractionIII (mm). b R. 
leguminosarum plate: I = Anti-
biotic Kanamycin (7 mm), 
II = FractionI (0 mm), III = Frac-
tionII (6.5 mm), IV = FractionIII 
(0 mm)

Fig. 6  Zones of Inhibition of the lyophilized FractionII. a E. coli 
plate: I = Antibiotic Kanamycin (10  mm), II = 250  mg/ml (6  mm), 
III = 500  mg/ml (8  mm), IV = 1000  mg/ml (11  mm). b S. aureus 
plate: I = Antibiotic Gentamicin (8.5  mm), II = 250  mg/ml (5  mm), 

III = 500 mg/ml (6.5 mm), IV = 1000 mg/ml (6.5 mm). c R. legumi-
nosarum plate: I = Antibiotic Kanamycin (7  mm), II = 250  mg/ml 
(6 mm), III = 500 mg/ml (6.5 mm), IV = 1000 mg/ml (10 mm)
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anion exchange run. Out of three fractions, Fraction II is 
considerably larger, which contains the garbage enzyme pro-
teins, which are either basic or neutral as they failed to bind 
to the positively charged resin of anion exchange column and 
eluted earlier than the other fraction. Fraction III contains 
the negatively charged proteins which were retained by the 
column and eluted later. The proteins were eluted from the 
column by setting up a concentration gradient of the buffers.

Lyophilization of Isolated Enzymes

After lyophilisation, 2.551 g sample was obtained from 
20 ml liquid enzyme solution. The powdered sample was 
then mixed with potassium phosphate buffer (pH 6.9) by 
vortexing and stored at 4 °C. Lyophilisation was carried out 
using LyoQuest (Telstar) lyophilizer.

Antimicrobial Activity

Antimicrobial activity of the garbage enzyme solution was 
evaluated in E. coli, S. aureus and R. leguminosarum. The 
results obtained are listed in Table 3. Two antibiotics, Kana-
mycin (30 µg) and Gentamicin (30 µg) have been used as 
reference.

Antimicrobial Activity of Crude Enzymes

The enzyme solution showed significant zones of inhibition 
as compared to antibiotics against E. coli and R. legumi-
nosarum and small zones of inhibition against S. aureus. 
(Fig. 4).

Antimicrobial Activity of FPLC Fractions

The three major FPLC fractions were tested for antimicro-
bial activity and fraction II of the three fractions showed 
antimicrobial activity against E. coli and R. leguminosarum. 
(Fig. 5).

Antimicrobial Activity of Lyophilized Enzymes

Fraction II was further lyophilized as it showed antimicro-
bial activity. Three concentrations of the lyophilized sam-
ple were prepared in potassium phosphate buffer which 
were 1000 mg/ml, 500 mg/ml and 250 mg/ml. The results 
obtained are listed in Table 3 and Fig. 6. The sample with 
concentration 1000 mg/ml showed the largest zone of inhibi-
tion, which was almost equal to that of the antibiotic Kana-
mycin in E. coli and R. leguminosarum. The zones of inhibi-
tion obtained in S. aureus were relatively smaller.

Discussions

In this study GE was produced from a mixture of vegeta-
bles, molasses and water with pH 3.85 (Table 1) and tested 
for the presence of enzyme activity. Significant amount of 
α-amylase, protease and lipase activities were present in the 
enzyme solution. The highest amount of α-amylase activity 
was found to be i.e. 1.782 units/mg followed by lipase and 
protease i.e. 0.355 units/mg and 0.050 units/mg respectively 
(Table 2). Scientific reports stated that α-amylase has the 
potential to degrade polymicrobial bacterial biofilms by 
hydrolysing the α(1–4) glycosidic linkage [14, 15]. Amyl-
ases are most important enzymes and are of great signifi-
cance of biotechnology and constituting a class of industrial 
enzymes having approximately 25% of the world enzyme 
market [12].

Total carbohydrate and protein content was calculated and 
recorded to be 85.13 mg/ml and 87.3 mg/ml respectively 
in the tested GE (Table 1). It was found that GE showed 
antioxidant activity too.  IC50 was calculated by DPPH free 
radical scavenging assay and found that vegetable wastes are 
a good source of natural antioxidant.

The investigation on the antimicrobial activity of GE was 
tested on three microorganisms viz. E. coli, S. aureus and R. 
leguminosarum. The crude enzyme solution showed maxi-
mum zone of inhibition of 8 mm in E. coli (Table 3).

The GE was further separated by FPLC technique to 
obtain different fractions to identify the potent fractions 
responsible for antimicrobial activity. Out of the three FPLC 
fractions, Fraction II offered a zone of inhibition of 7.5 mm 
in E. coli, 5 mm in S. aureus and 6.5 mm in R. legumi-
nosarum whereas no zone of inhibition was observed in 
FPLC Fraction I and Fraction III (Fig. 6). This confirmed 
that FPLC fraction II have the potent antimicrobial activity 
against tested bacteria.

While comparing the effect of Fraction II on gram posi-
tive and gram negative bacteria, it has observed that it has 
more inhibitory effect against gram negative bacteria than 
gram positive bacteria; this change may be due to the cell 
wall structure of gram positive bacteria.

SDS PAGE analysis was performed to determine the 
molecular weight of the purified proteins. Results revealed 
that FPLC Fraction II, which is having a high antimicro-
bial activity, showed two bands of 63 kDa and 70 kDa sizes 
respectively and further characterization may be carried out 
for the same.

The results that were obtained in this study confirmed that 
the laboratory prepared GE has potent biocatalytic, antimi-
crobial as well as antioxidant properties. The procedures and 
parameters standardized in this part of research work can be 
used for further production of antimicrobial agents having 
tremendous industrial applications.
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Hydrocotyle javanica Thunb. (Family Araliaceae) has been used in traditional herbal medicine as a substitute of Centella 

asiatica (L.) Urban. Although, the latter has been studied extensively and various biologically active constituents have been 

reported, the former has not been studied for its active constituents. The current study followed activity guided isolation and 

identification of the fraction with antimicrobial activity from H. javanica. Plant extracts were prepared by extracting 

successively with petroleum ether, ethyl acetate and ethanol. Antimicrobial activity was evaluated using gram positive and 

gram negative bacteria and Candida albicans. Bioactivity-guided isolation was carried out by preparative thin layer 

chromatography and bioautography. Cytotoxicity of the most active antimicrobial principle was evaluated against Human 

embryonic kidney (HEK293) and Adenocarcinomic Human Alveolar Basal Epithelial (A549) cell lines. The tentative 

structure of the most active antimicrobial principle was constructed from the data obtained from FTIR, MS, H-NMR and  
C-NMR.  

Keywords: Antimicrobial activity, Bioautography, Cytotoxicity, Hydrocotyle javanica, Structure 

IPC Code: Int Cl.21: A61K 36/25, A61K 45/06  

Natural products have served as an eternal source to 
cater to our needs of food, shelter, clothing and 
healthcare

1
. Plants offer a promising source of 

biologically active compounds for use as 
antimicrobial and antioxidant agents, nutraceuticals, 
food supplements, and pharmaceuticals and as leads 
for synthetic drugs

2
. Plant derived substances have 

gained popularity and have become of great 
importance owing to their versatile applications

3
. It is 

estimated that approximately three-quarters of 
pharmacologically active compounds in use today 
have been discovered from plant derived components 
by following upon their ethno-medicinal uses

4
. 

Hydrocotyle javanica Thunb. (Family Araliaceae) is 
an annual, terrestrial freshwater herb widely 
distributed in tropical Asia and Oceania. It grows as a 
small herbaceous annual plant with slender stems and 
creeping stolons. The flowers are white in color and 
are borne in small, rounded bunches. The species 
grows wild in areas with warm and humid climatic 
conditions

5
. It has folkloric use in the treatment of 

toothache, dysentery, dyspepsia and snake bite and as 

an alterative, depurative, diuretic, stimulant, tonic and 
blood purifier

6,7
. The plant has also been used as a 

piscicide and as a substitute of Centella asiatica in 
herbal preparations

8,9
. The essential oils from the 

seeds of H. javanica have been reported to exhibit 
antibacterial activity

10
. In our earlier report, we 

studied the aqueous extract of this plant for 
antimicrobial effects

11
. In another study by Mandal  

et al.
12

, the methanol extract of the plant was reported 
to exhibit antimicrobial activity. In the current study, 
we followed the bio-activity guided isolation of the 
antimicrobial principle from H. javanica and 
elucidated its tentative chemical structure based on 
various spectroscopic data. 
 

Methodology 

Analytical grade solvents and reagents were used 

for experimentation. These were procured from 

Merck (Mumbai, India). The distilled water used  

for the study was generated from Arium Water 

Purification System (Sartorius Stedim, Germany). The 

media used for antimicrobial assay were obtained 

from HiMedia Pvt. Ltd. (Mumbai, India) and the 

antibiotics- Ciprofloxacin and Clotrimazole were 

obtained from Sigma-Aldrich (Steinheim, Germany). 
—————— 
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Plant material  

Hydrocotyle javanica Thunb. was harvested from 

the Medicinal Plant Garden of Dibrugarh University, 

Assam (India). The identity of the plant (Specimen 

Voucher Number: DULSc 444) was validated by Prof 

L R Saikia, Department of Life Sciences, Dibrugarh 

University. The aerial parts of the plant were collected 

at the flowering stage and cleaned by washing with 

water. The washed plant material was air-dried at 

30±2
o
C and ground in an electric blender into a fine 

powder. The powdered plant material was weighed 

and used for the preparation of extract. 
 

Preparation of organic solvent extracts of plants 

The extracts were prepared by successively 

extracting the powdered plant material (50 g) with 

petroleum ether, ethyl acetate and ethanol in 1:10 w/v 

ratio at 28±2
o
C for 48 h with intermittent shaking. 

The extracts were filtered through Whatman No. 1 

filter paper and the filtrate was concentrated in a 

rotatory vacuum evaporator (IKA RV-10, Germany) 

until a constant dry weight of each extract was 

obtained. The extracts were stored at 4°C.  
 

Determination of extractive value  

Extractive value was determined by following the 

standard methods outlined by the World Health 

Organization
13

. The extractive value was expressed as 

mg per g of air- dried material. 
 

Quantification of total phenolic content 

Folin-Ciocalteu method was followed for the 

determination of total phenolic content of the plant 

extracts
14

. Gallic acid was used as standard for 

preparing the calibration curve and the total phenolic 

content in extracts was expressed as Gallic Acid 

Equivalent (mg of GAE/g of extract). 
 

Quantification of total flavonoid content 

The Dowd method as described by Meda et al. 

(2005) was followed for quantifying the total 

flavonoid content of the extracts
15

. A calibration curve 

was prepared using Rutin and contents were 

expressed as Rutin Equivalent (mg of RE/ g of 

extract). 
 

Determination of antimicrobial activity 
 

Test organisms 

The plant extracts were screened against 7 bacterial 

strains, of which three were Gram positive- Bacillus 

subtilis MTCC 441, Staphylococcus epidermidis 

MTCC 435, Bacillus cereus MTCC 430, while four 

were Gram negative- Escherichia coli MTCC 739, 

Salmonella enterica MTCC 3219, Pseudomonas 

aeruginosa MTCC 1688 and Proteus mirabilis 

MTCC 1429. Antifungal activity was evaluated using 

Candida albicans MTCC 3017. The microorganisms 

were procured from MTCC, IMTECH, Chandigarh, 

India. 
 

Determination of zone of inhibition 

The agar well diffusion method was followed for 

determination of antimicrobial activity of plant 

extracts
16

. Dimethyl Sulphoxide (DMSO) was used as 

the solvent for plant extracts. The experiment was 

performed in triplicate and the results were expressed 

as the mean of the diameter of zone of inhibition (in 

mm). Ciprofloxacin (10 µg/mL) and Clotrimazole  

(30 µg/mL) were used as positive control while 

DMSO was used as negative control. 
 

Determination of minimum inhibitory concentration 

The broth dilution method was followed for the 

determination of minimum inhibitory concentration 

(MIC)
17

 for the extract that recorded highest 

antimicrobial activity. Two-fold dilutions of the plant 

extract were prepared and the minimum concentration 

of the extract that inhibited microbial growth was 

considered as the MIC
17

. 
 

Isolation and purification of active component(s) by Thin 

Layer Chromatography (TLC) 

The plant extract showing the highest antimicrobial 

activity was selected for the isolation and purification 

of active constituent(s) by preparative thin layer 

chromatography (TLC). TLC was performed on Silica 

Gel G-60 plates (100 x 200 mm) that were activated 

at 110
o
C for 3 h prior to use. The ethanol extract of H. 

javanica was dissolved in ethanol and was applied in 

the form of bands. The plates were developed in 

solvent system of petroleum ether, ethyl acetate and 

ethanol (4:1:1 v/v/v). The chromatograms were 

visualized under 256 nm, 364 nm and visible light and 

in iodine chamber. The Rf values for the spots were 

calculated. 
 

Bioautography of TLC fractions 

Antimicrobial activity of TLC fractions was 

investigated by the method of direct bioautography
18

. 

After developing, the TLC plates were air-dried and 

the suspensions of test organisms were diluted and 

sprayed evenly on them. The plates were dried under 

air-flow for 2 min and incubated overnight. After 

incubation, the plates were sprayed with an aqueous 

solution of p- iodonitrotetrazolium violet (INT) and 
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incubated again till the spots appeared. Finally, the 

plates were treated with ethanol (70%) before 

evaluation of bioautograms. 
 

Characterization of structure of antimicrobial principle 

The spectral analyses were performed according to 
standard procedures

19
. The sample was dried and 

dissolved in chloroform (CDCl3) for recording FTIR 

spectrum (4000-600 cm
-1

) (IRAffinity, Shimadzu, 
Japan). Mass Spectra was recorded on Varian 410 
Prostar binary LC with 500 MS IT PDA detectors 
using electron spray ionization (ESI). Proton (

1
H) 

NMR spectrum was recorded at 400 MHz (Varian, 
Mercury Plus) and Carbon (

13
C) NMR spectrum was 

recorded at 100 MHz (Varian, Mercury Plus). 
 

Cytotoxicity assay 

Cytotoxicity of the antimicrobial principle was 

evaluated using human embryonic kidney (HEK 293) 

and adenocarcinomic human alveolar basal epithelial 

(A549) cell lines by following MTT assay
20

. The 

percentage inhibition of cell proliferation was 

calculated from the following equation and reported 

as mean ± standard deviation of triplicates: 

Percent inhibition of cell proliferation= {(1-

ASample/AControl)} ×100 

Cytotoxicity was evaluated by comparing with the 

control well and was expressed as the concentration 

of the sample required to inhibit 50% of cell 

proliferation (IC50). 
 

Statistical analysis 

Results to all experiments were expressed as mean 

 standard deviation which were calculated based on 

data obtained from three replicates. The t Test and 

ANOVA (α=0.05) were performed to establish the 

significance of differences among results. IC50 values 

were determined by curve fitting techniques. The 

various statistical analyses were performed using 

Sigma Plot (Systat Software, San Jose, CA). 

Results 

Extracts of H. javanica were compared for their 

extractive values, total phenolic content (TPC) and 

total flavonoid content (TFC) (Table 1). Highest 

extractive value was observed for extract prepared 

with ethyl acetate and the extractive values for the 

three solvents showed significant differences (p<0.05) 

(Table 1). The TPC of the three extracts showed 

significant difference (α=0.05) with the ethyl acetate 

extract recording the highest content. The total 

flavonoid content (TFC) of the three extracts recorded 

statistically significant differences (α=0.05) with 

highest content recorded for petroleum ether extract 

(Table 1). 

The three extracts of H. javanica inhibited both 

Gram positive and Gram negative bacteria and fungi 

(Table 2). The petroleum ether extract was ineffective 

against B. subtilis, S. enterica and C. albicans. 

Among the three extracts, ethanol extract exhibited 

higher inhibition of most of the test organisms. The 

MIC of ethanol extract against the test strains was 

determined and is recorded in Figure 1. 

TLC of ethanol extract of H. javanica yielded six 

fractions, which were labeled as HjF1 to HjF6.  

The results of bioautography of the fractions HjF1- 

HjF6 are recorded in Table 3. All the 6 fractions 

inhibited B. cereus and C. albicans while none of 

Table 2 — Antimicrobial activity of extracts of H. javanica (test concentration= 200 µg/mL) 

Test 

microorganism 

Diameter of zone of inhibition (in mm) 

Petroleum ether Extract Ethyl acetate Extract Ethanol Extract Standard Drug 

B. subtilis NA 10.33±0.58 13.67±0.58 27.67±2.08* 

P. mirabilis 10.33±0.58 12.67±0.58 19.67±0.58 26.00±1.00* 

B. cereus 12.33±0.58 14.67±0.58 16.00±0.00 19.33±1.15* 

E. coli 12.00±1.73 11.67±0.58 13.67±0.58 27.33±0.58* 

S. enterica NA 10.33±0.58 12.67±0.58 27.00±1.00* 

P. aeruginosa 10.33±0.58 12.00±1.00 14.33±0.58 21.67±0.58* 

S. epidermidis 11.67±0.58 12.67±0.58 13.67±1.15 27.67±0.58* 

C. albicans NA 10.33±0.58 11.67±0.58 16.67±0.58# 

NA= No Activity * = Ciprofloxacin (10 µg/mL) # = Clotrimazole  

(30 µg/mL) 

Results expressed as mean ± sd of triplicates 
 

Table 1 — Extractive value, total phenolic content (TPC) and 

total flavonoid content (TFC) of different solvent extracts of  
H. javanica 

Extract Extractive Value 

(in mg/g air-dried 
plant material) 

TPC 

(in mg GAE/g 
of extract) 

TFC 

(in mg RE/g of 
extract) 

Petroleum 

ether 

19.67±0.58 1.21±0.02 300.00±2.29 

Ethyl acetate 80.00±1.00 7.43±0.02 198.83±5.01 

Ethanol 22.33±0.58 7.37±0.05 170.47±1.82 

Results expressed as mean ± sd of triplicates 
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them inhibited E. coli and S. enterica. HjF2 inhibited 

most of the test organisms as compared to the other 

fractions. 

The FTIR spectra of HjF2 recorded peaks at  

3413 cm
-1

 (ArO-H bonded), 2923 cm
-1

 and 2853 cm
-1

 

(-CH2-), 1537 and 1560 cm
-1

 (R-CO-NH-R’). In 

addition, peaks were also recorded at 1414 cm
-1

 (Ar 

C-C stretch), 1092 cm
-1

(RCOOH, C-O stretch) and 

1022 cm
-1

(RCOOR’, C-O stretch). The ESI-MS 

spectra of HjF2 recorded molecular ion [M+H
+
] at 

m/z 302 that suggests a molecular mass of 301 Da. 

The 
1
H- NMR spectrum of fraction recorded the 

following chemical shifts - 
1
H NMR (Chloroform-d, 

400 MHz) δ 1.08 (3H, t, J=6.7 Hz), 2.00 (2H, qd, 

J=6.7, 1.0 Hz), 2.28 – 2.33 (6H, m), 4.51 (1H, s), 5.39 

(2H, d, J=6.5 Hz), 5.48 (1H, s), 5.97 (1H, t, J=1.0 

Hz), 6.18 (2H, s), 7.33 – 7.40 (2H, m), 7.85 – 7.92 

(2H, m). The spectra recorded one three-proton triplet 

(δ 1.08) and a two proton quartet (δ 2.00) which were 

assigned to –CH2CH3. The 
13

C- NMR spectra of the 

fraction showed peaks which were recorded as 

follows- 
13

C NMR (CDCl3, 100 MHz) δ 14.4, 28.6, 

29.8, 95.6, 107.3, 122.7, 127.5, 127.8, 136.2, 136.6, 

157.7, 168.6, 168.9, 182.9, 196.1. HjF2 exhibited 

dose-dependent toxicity and showed higher inhibition 

of A549 cell line (lung cancer cell line) (IC50= 69.11 

± 3.46 µg/mL) as compared to HEK 293 cell line 

(normal human embryonic kidney cell line) 

(IC50=315.07 ± 15.75 µg/mL) (Fig. 2). 

 

Discussion 

The plant constituents responsible for various 

biological activities, exhibit solubility in solvents of 

different polarities; hence, selection of an ideal 

solvent for extraction is a prerequisite before 

proceeding with the evaluation of plant extracts. 

Extractive value refers to the total soluble constituents 

obtained from the dried plant material in any 

particular solvent or mixture of solvents
21

. In the 

present study, extracts prepared with solvents of 

different polarities exhibited significant differences in 

extractive values, which may be due to the differences 

in the quantity and quality of phytoconstituents 

Table 3 — Bioautography of TLC Fractions of Ethanol Extract of H. javanica (Rf values shown for bands observed under visible light) 

Fraction Rf 

value 

Test microorganism 

Bs Pm Bc Ec Se Pa Sep Ca 

HjF1 0.19 + + + - - - + + 

HjF2 0.28 + + + - - + + + 

HjF3 0.40 + - + - - + + + 

HjF4 0.49 - + + - - - + + 

HjF5 0.67 + - + - - - + + 

HjF6 0.96 + + + - - - - + 

Bs = B. subtilis Pm = P. mirabilis Bc = B. cereus 

Ec = E. coli Se = S. enterica Pa = P. aeruginosa 

Sep = S. epidermidis Ca = C. albicans 

+ = Inhibitory Activity Present - = No Activity 
 

 
 

Fig. 1 — Minimum Inhibitory Concentration (MIC) of the ethanol 

extract of H. javanica. 
 

 
 

Fig. 2 — Toxicity of antimicrobial principle HjF2 of H. javanica 

towards A549 (lung cancer cell line) and HEK 293 (normal 

human embryonic kidney cell line). 
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obtained with these solvents. Significant differences 

were also observed in the contents of phenolics and 

flavonoids in the extracts. Low polarity solvents like 

petroleum ether, yield more lipophillic components, 

while alcoholic and aqueous solvents yield a broad 

spectrum of polar components
22

. In addition, solvents 

with low-polarity are known to only rinse or leach the 

sample, while solvents with higher polarity, like 

alcoholic solvents can rupture the cell membranes and 

extract a greater amount of endo-cellular materials
23

. 

Petroleum ether, which has the least polarity among 

the three solvents used in the experiment, extracted 

more of flavonoids than phenolics, thus suggesting 

the non-polar nature of flavonoids available in the 

plant, while, ethyl acetate and ethanol extracted 

higher quantities of phenolics (Table 1). Phenolics 

and flavonoids are secondary metabolites that are 

known to exert different biological effects like, 

inhibition of reactive oxygen species, inhibition of 

alpha-amylase and alpha- glucosidase enzymes and 

cytotoxic effects
24-26

. The three extracts of H. javanica 

inhibited both gram positive and gram negative 

bacteria with different efficacy (Table 2). The plant 

extracts have been reported to exhibit variations in 

their inhibitory activity against Gram positive and 

Gram negative bacteria
27,28

. Gram positive bacteria 

have been reported to be more susceptible to  

plant extracts than the Gram negative ones
29-34

.  

This difference in susceptibility to plant extracts  

is attributed to the structure of the bacterial cell 

membrane. The presence of structural lipo-

polysaccharide components in the cell membrane of 

Gram negative bacteria make the cell membrane 

impermeable to lipophilic molecules and neutralize 

the effects of most of the drug molecules
35,36

. 

However, in the present study it was observed that the 

Gram negative strains were more susceptible to the 

ethanol extract than the Gram positive ones (Table 2). 

This may be regarded as an important finding as most 

of the pathogenic strains of bacteria are Gram 

negative and are responsible for various infections in 

humans. S. enterica is known to cause different 

diseases like gastroenteritis, bacteremia and enteric 

fever
37,38

. P. mirabilis, a rod-shaped Gram negative 

bacterium, is responsible for the infections of the 

urinary tract
39

. Similarly, P. aeruginosa, a Gram 

negative cocco-bacillus, is an opportunistic 

pathogen
40

. E. coli, a Gram negative rod, is 

responsible for food poisoning in humans
41,42

. In 

addition to antibacterial activity, the ethanol extract of 

H. javanica was active against C. albicans and 

recorded low inhibitory and fungicidal concentrations. 

C. albicans is a fungus that grows both as yeast and as 

filamentous cells. It is a commensal and a constituent 

of the normal flora of human mouth and 

gastrointestinal tract
37,43

. The ethanol extract was 

selected for isolation of the active principle(s) with 

antimicrobial activity by thin layer chromatography 

followed by direct bioautography. TLC-bio-

autography is a standard method for visualizing the 

antimicrobial activity of separated components on 

TLC plates and is based on detecting the 

dehydrogenase activity of test organism. The living 

microorganisms metabolize the tetrazolium salt  

(p- iodonitrotetrazolium violet) into corresponding 

formazan which is intensely colored. Thus, 

components with antimicrobial activity develop as 

pale or clear spots on a colored tlc plate background. 

It was interesting to observe that though the ethanol 

extract of H. javanica inhibited E. coli and S. enterica 

(Table 2), but none of the isolated TLC fractions 

inhibited these strains (Table 3). These components 

failed to exert antimicrobial activity in isolation but 

exhibited inhibition when present together in the 

crude extract. This suggests synergism among the 

components of the crude extract. Similar observations 

have also been reported by other workers, but there 

are limited reports that mention of such 

interactions
44,45

. Such interactions among the 

components of plant extracts are an interesting avenue 

for further research. Fraction HjF2 (Rf=0.28) showed 

inhibitory activity against the highest number of test 

organisms in comparison to the other fractions. 

Therefore, it was selected for further characterization. 

The assignments of the various signals in the 
1
H and 

13
C NMR spectra were made in consultation to the 

published literature
19

. Based on spectroscopic data, a 

tentative structure was derived with the chemical 

formula- C17H19NO4 and
 
chemical name 4-(3-Ethyl-

1,5-dihydroxy-7-oxo-octa-1,3,5-trienyl)-benzamide 

(Fig. 3). HjF2 exhibited peaks for the presence of 

aromatic ring along with –OH (hydroxyl), -CONH2 

(amide), -COOH (carboxylic acid) and –COO (ester) 

as the functional groups in the FTIR spectrum. The 

hydroxyl (OH) group is reported to affect the 

antimicrobial activity of extracts against Gram 

positive and Gram negative bacteria. The present 

work is the first to report this antimicrobial fraction 

from H. javanica. A dose-dependent toxicity was 

observed towards HEK and A549 cell lines, hence 
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implying a probable therapeutic utility of the 

antimicrobial principle. The findings indicate that 

HjF2 is more toxic to cancer cells than to normal 

cells.  

 

Conclusions 

The present work has reported the isolation and 

characterization of antimicrobial principal from H. 

javanica and provided a scientific foundation to the 

ethnomedicinal uses of the plant. The antimicrobial 

principal has shown broad spectrum antimicrobial 

activity and toxicity to cancer cells. Further studies 

may be conducted using in vivo models to evaluate the 

efficacy of the isolated fraction and also to study the 

synergism among the components of plant extracts.  
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