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Abstract
Medicinal plants have been used from centuries for human’s benefit. Due to immense importance 
of medicinal plants in human’s life this research project was designed to investigate the 
antibacterial activity of aqueous extracts from roots of eleven plants selected from flora of Pakistan. 
Experimental evidence showed that water extracts of all the roots were inactive except those of Z. 
officinalis (Ginger), A. sativum (Garlic), A. cepa (onion), Z. officinalis (sonth). The activity of water 
extracts of active roots was found to enhance with the increase in the concentration of the root 
materials. Out of 11 plant roots tested, four showed antibacterial activity against Escherichia coli 
and Staphylococcus aureus. The most active antibacterial species was Z. officinalis (Ginger), which 
completely inhibited the development of both E-coli and S-aureus. The water extracts of roots were 
found active against both the bacteria. Oil extracts of Ginger, Garlic and onion were also found to be 
active against E.coli and S. aureus. The residues left after oil extraction were found to be inactive.
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Introduction
Medicinal plants are a common link between the traditional and modern medical 

science, as they are the main source of drugs used to cure large number of diseases [1]. Due 
to extensive scientific advancement, the synthetic drugs have replaced the conventional 
medicines throughout the world including the developing countries [2]. The use of medicinal 
plants originated from Egypt, China and Hindustan. Screening of compounds from plants 
is mostly to act as therapeutic agents [3,4]. These biological active molecules are fruitful in 
the field of antibiotics [5]. Medicinal plants are a source of providing antimicrobial agents 
or pathogenic agents [6-8]. These plants are used in various countries as a source of potent 
and drugs. Different parts of the plants i.e., roots, barks, leaves, fruits, seeds, and flowers have 
been investigated separately to determine the activity against different diseases. In some 
cases, roots or tubers and in others leaves, seeds or flowers have been found effective [9-
14]. Roots like ginger, garlic, onion, radish have been in use of man since long as effective 
remedies against different diseases [15-18]. Among diseases, infectious diseases are of great 
importance which is caused by the pathogenic micro-organism [8]. The medicinal plants or 
roots which have been used to cure infectious diseases must contain some factor which can 
kill these micro-organisms. This active factor may be oil or certain other chemical substances 
like Alkaloids, Steroids, Glycosides, Saponins, Resins, Tannins [19-21].

Antibacterial activity of various natural products has been studied by several researchers 
but most of them have investigated ethanolic fractions or some other non-aqueous fractions 
have been part of study. This research project focused on the antibacterial activity of water 
extracts from roots of various traditional plants of Pakistan including Zingiber officinalis 
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(Ginger), Allium sativum (Garlic), Allium cepa (onion), Zingiber 
officinalis (sonth), Raphanus sativus (radish), Ipomea batatus 
(sweet potato), Brassia mapa (turnip), Curcuma longa (tumeric), 
Colocacssia antiguarum (oris) and Beta moritima (beet root). To the 
best of our knowledge antibacterial activity of aqueous extracts of 
all these extracts have not been published yet. All these compounds 
are being used in our daily life therefore, investigation regarding 
antibacterial activity of these extracts is of vital importance. 
Comparison of antibacterial activity of these samples is also part 
of this study.

Method and Materials
Collection of plant roots

All roots or tubers were collected from different shops in the 
Lahore city. These roots were washed thoroughly 3-4 times with 
running water at once with sterilized, distilled water then dried in 
air under shadow.

Micro-organisms

The tested species used in this work were Escherichia coli and 
Staphylococcus aureus. These species were collected from Post 
Graduate Research Centre, Mayo Hospital, Lahore, and from the 
Labex Clinic, Jail Road, Lahore.

Nutritive media

Blood agar base nutritive media is taken for the growth of E. coli 
and S. aureus. The main advantage of this medium is to maintain 
the low pH which is favourable for the multiplication of bacteria. 
The normal pH of this media is 6.8 ± 2 at 25 ºC. The composition of 
medium is given in Table 1.

Table 1: Composition of blood agar based medium used 
for growth of bacteria’s.

Components Concentration g/Litre

Beef heart infusion 2

Pepton 220 ( yeast casein Polypeptone) 10

Peptone 140 (pancieatic Digestion of casein) 6

Sodium Chloride 5

Yeast extract 2

Agar 15

Preparation of plant material for antibacterial activity

Roots of all plants were treated in three different ways for 
investigating antibacterial activity.

Water extracts: The extraction was carried out by boiling the 
plant roots in an open pan with distilled water. 5gm of roots was 
boiled with 100ml of distilled water in 250ml beaker, at low flame 
till volume was reduced to half. The suspension was filtered off and 
extract was stored in a refrigerator.

Homogenized roots: The determination of antibacterial 
activity of roots after homogenization was conceived as there might 
be the possibility of the presence of volatile active components 
present in the roots and thus destroyed. Moreover, the sterilization 

at high temperature destroyed the active principal. 5gm of root 
sample was taken and ground to a powder form. This powder was 
directly used to determine antibacterial activity.

Extraction of active components by Soxhlet method: 
Extraction of active components was based upon the empirical 
knowledge. Soxhlet apparatus was used for extraction with ether 
and acetone. About 50gm root powder was taken and extraction in 
the first instance was carried out for 20 hours with 300ml of ether. 
The solvent was recovered by distillation and yield of oily residue 
calculated. Oil and residue both were stored in refrigerator.

Antibacterial Potential of roots using various extracts

Antibacterial activity of water extracts of roots: For 
determining antibacterial activity, 2gm of medium consisting of 
blood agar was dissolved in 50ml of aqueous extracts in a 250ml 
conical flask. The flask was cotton plugged, sterilized by autoclaving 
at 121 ºC and 15psi subsequently cooled to 60 ºC. 2ml of blood was 
transferred, and the contents of flask were shaken well. The medium 
thus constructed was poured into two sterilized petri dishes (one 
for Escherichia coli and other for Staphylococcus aureus) up to 
2-3mm thickness. The contents were allowed to solidify. The Petri 
dishes were then ready for inoculation with the bacterial culture. 
To prepare control, 2gm of medium consisting of blood agar was 
dissolved in 50ml of distilled water and sterilized by autoclaving. 
The contents were cooled to 60 ºC and 2ml of blood was added. The 
medium thus prepared was poured into Petri dishes and allowed 
to solidify. Both test and control Petri dishes were inoculated with 
fresh bacterial cultures of E. coli and other for S. aureus and then 
incubated in a Gallen Kamp incubator at 37 ºC for 24 hours.

Antibacterial activity of different concentrations of root 
samples: 10gm, 15gm, 20gm, 25gm and 30gm of samples were 
boiled with 100ml of distil water respectively. The extracts of 
different concentrations of roots were thus prepared. 

Antibacterial activity of homogenized roots: The root 
powder was added in blood agar base medium after sterilization 
and subsequent cooling to 60 ºC to avoid effects of high temperature 
on active components. 2gm of medium consisting of blood agar was 
dissolved in 15ml of distilled water and pasteurized by autoclaving 
at 120 ºC and 15psi. The contents were cooled to 60 ºC and 5gm 
of powder seeds and 2ml of blood were added. The medium thus 
prepared was shaken well and put into sterilized Petri dishes. Both 
sample and controlled Petri dishes were injected with bacterial 
cultures and incubated in Gallen kamp incubator at 37 ºC for 24 to 
48 hours.

Antibacterial activity of oil extracts and root residue: 
Antibacterial activity of oil extracts and root residue was 
determined. Calculated quantities of extracts and residues were 
added after cooling blood agar base medium and then medium was 
contaminated with test bacteria to examine the bactericidal activity 
of the oil and the residue. Quantity of oil taken for the determination 
of antibacterial activity was proportional to the amount of the oil 
that might be present in 5gm of root material.
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Results
Antibacterial activity of water extracts of roots

The results of experiments on antibacterial activity of water 
extract of roots against E. coli and S. aureus are recorded in the Table 

2. Results show that Garlic, Ginger and onion are active against both 
organisms and Sonth were active only against E. coli. In the case of 
Ginger, there was no growth at all in the sample. However, in Garlic, 
Sonth and Onion growth was lesser than that in the control.

Table 2: Comparison of antibacterial activity of water extract of roots of various samples with control system.

Root Extracts
Growth in Control Growth in Sample

E. colli S. aureus E. colli S. aureus

Beta moritima + + + +

Allium sativum + + -* -*

Zingiber officinalis + + - -

Glycyrrhiza glabra + + + +

Allium cepa + + -* -*

Colocacssia antiguarum + + + +

Raphanus sativus + + + +

Zingiber officinalis + + + -*

Ipomea batatus + + + +

Curcuma longa + + + +

Brassia mapa + + + +

Note: -* this sign shows growth of microorganism but less than the control.

Antibacterial activity with different concentrations of 
the samples extract

The results of experiments on antibacterial activity of water 
extracts of different concentrations of roots. Only one species has 
been taken for test i.e E. coli and four active species of plants i.e 

Garlic, Ginger, Onion and Sonth as shown in Table 3. This shows that 
the antibacterial activity increases with the increase in the weight 
of the root material. Sonth which was not antibacterial against E. 
coli with less concentration, but it becomes active by increasing the 
concentrations. There was complete blocking of bacterial growth in 
case of Ginger and Onion (Table 4,5).

Table 3: Antibacterial activity aqueous root extracts of various samples with different concentrations of samples.

Roots Growth in Control
Concentration g/mL

10 15 20 25 30

Allium sativum + -* -* -* -* -*

Zingiber officinalis + - - - - -

Allium cepa + -* -* - - -

Zingiber officinalis + -** -* -* -* -*

Note: -* This sign shows growth but less than control and -** shows growth much lesser than Control.

Table 4: Comparison of antibacterial activity of homogenized roots of various samples with control system.

Root Extracts
Growth in Control Growth in Sample

E. colli S. aureus E. colli S. aureus

Beta moritima + + + +

Allium sativum + + -* -*

Zingiber officinalis + + - -

Glycyrrhiza glabra + + + +

Allium cepa + + -* -*

Colocacssia antiguarum + + + +

Raphanus sativus + + + +

Zingiber officinalis + + + -*

Ipomea batatus + + + +

Curcuma longa + + + +

Brassia mapa + + + +

Note: -* this sign shows growth of microorganism but less than the control.
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Table 5: Antibacterial activity of oil extract and root residue of various samples with control system.

Oil Extract 
from Dry Roots 

500gm/ml

Growth in Control Against Growth in Oil Sample Against Growth in Residue Against

E. coli 24h-48h S. aureus 24h-48h E. coli 24h-48h S. aureus 24h-48h E. coli 24h-48h S. aureus 24h-48h

Allium sativum 
(Garlic) + + + + - - - - + + + +

Zingiber officinalis 
(Ginger) + + + + - - - - + + + +

Allium cepa (onion) + + + + - - - - + + + +

Note: – sign shows no appearance of bacterial colonies, + sign shows the growth of bacterial colonies.

Table 6: Antibacterial activity of aqueous extract of root samples at different concentrations with S. aureus.

Samples Growth in the Control
Sample in gm/50ml

10 15 20 25 30

Alliu m sativum (Garlic) + -* -* -* -* -*

Zingiber officinalis (Ginger) + - - - - -

Allium cepa (onion) + -* -* - - -

Zingiber officinalis (sonth) + -* -* - - -

Bactericidal activity of test samples against E. coli and S. aureus

Table 7: Antibacterial activity comparison between S. aureus and E.coli for various samples.

Samples 
Control Test Samples

E. coli S. aureus E. coli S. aureus

Allium sativum (Garlic) + + -* -*

Zingiber officinalis (Ginger) + + - -

Allium cepa (onion) + + - -

Zingiber officinalis (sonth) + + - -

Antibacterial activity of different concentrations of root 
samples against S. aureus

The results obtained from experiments about antibacterial 
activity of water extracts of different concentration of root materials 

has been examined as shown in Table 6. Results showed that the 
samples were more effective against S. aureus as compared to E. 
coli. There was no bacterial growth at all with higher weight sample 
of Ginger, Onion and Sonth. But in case of Garlic extracts bacterial 
growth has been observed.

The results of bactericidal activity of test samples were 
determined as shown in Table 7. Disappearance of colonies 
occurred in all the samples except in the case of garlic.

Discussion
E. coli and S. aureus caused different diseases in human. 

For curing of diseases, medicinal plants are using. The root 
extractions of different plants are mainly used in Pakistan as 
medical treatments for their antibacterial actions. Water extracts 
of the roots were tested for antibacterial activity. Water extracts of 
Ginger, Garlic and Onion were found active against both organisms 
but Sonth was active only for S. aureus. Experimental procedure of 
water extracts, repeated with higher concentrations showed much 
better result. Garlic and Onion showed some growth of bacteria 
with less concentration, but completely inhibited the growth of 
bacteria with higher concentration. The water extract of Liquorice 
did not show activity while its powder was found active. This might 
be due to the reason that the active ingredient of the roots has been 
destroyed. During the process of preparation of the water extracts, 

Garlic, Ginger and Onion showed antibacterial activity. This has 
been further analysed to isolate the active principal. The result of 
antibacterial activity indicated that the oils extracted from all the 
three samples were active against both organisms. The residues 
were found inactive. This means that the active ingredients are 
extractable by polar solvents. Oils of Ginger, Garlic and Onion being 
active, it is recommended that instead of using original roots their 
oils rich in active ingredients should be applied for the treatment of 
infectious diseases.
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