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Abstract
Different solvents are known to present different extraction potency for plants and their active constituents and metabolites and
for this reason, when used for antibiotic extraction, different inhibitory activities and potency should be expected. This study
evaluates the antibacterial potential of different extracting solvents of Citrus aurantifolia leave against some infection causing
microorganisms. In a bid to evaluate the aim of this study, 5 grams of dried blended leaves of Citrus aurantifolia was mixed
with 95ml of six different extraction solvents (Hydrochloric acid, Propylene glycol, Hot water, Acetic acid, Acetone and
Ethanol) for 24 hours. The constituted filter extracts were aseptically assessed and their minimum inhibitory concentration
(MIC) on different miro-organism (Pseudomonas aeruginosa, Escherichiia coli, Staphylococcus aureus and Klebsiella spp)
were determined. The results showed that hot water extraction of Citrus aurantifolia leave has no effect on the herein studied
micro organisms. However, ethanol extract of Citrus aurantifolia leave was the most sensitive to the micro-organisms but
Klebsiella spp was 100% resistant. Acetic acid, Propylene glycol and acetol extracts were sensitive to all the micro-organism at
different MICs. Based on these findings, it is suggested that solvent extraction potency be investigated for plants known or
acclaimed to have antibacterial activity.
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1. Introduction
Human infections constitute a major problem, especially in
tropical and subtropical developing countries. These
infections are caused by various microorganisms which cause
various diseases. Remedial supremacy of herbs has been
noted and believed even by the earlier ancient civilization [1,
2] and nations like India, fulfils the requirement of medicinal
sources mainly from plants to cure infectious diseases [3] and
Africans practiced plant medicines for the treatment of many
diseases and infections [4]. Medicinal plants had provided
great impact in the field of curing disease and as a source of
medicine for a wide variety of human ailment [5]. In fact,
several up to date research and practical experience have

shown that using medicinal plants is better that allopathic
drugs by being safer besides having synergistic effect [6].
Concurrently, many herbs/spices and plant derived
products have been used extensively in medicinal field from
ancient era to present and had been proven to cure certain
illness in replacement of chemical compounds or antibiotics
particularly in many Asian, African and other countries.
Referring to World Health Organization, 80% of world
requirements on medicines for health needs attained from
botanical preparations (plant extracts or their bioactive
compounds) [2, 7-11].
Citrus aurantifolia (lime) is a small, densely and irregular
branch tree with short, sharp spines and characterized by
either sour or sweet greenish-yellow fruits. There are several
species of citrus trees whose fruits are called limes; including
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the key limes (Citrus aurantifolia), Persian lime, Kaffir lime,
and dessert lime. The plant is said to be rich in carbohydrate,
sugar, soluble and insoluble fibre, sodium, vitamins, minerals,
fatty acids, amino acids [12] and the fruits and leaves have
been documented to possess medicinal properties.
In Nigeria, lime is used to suppress stomach ache and
the juice as an excellent cough remedy when mixed with
sugar, palm oil or honey. It also exhibits bioactive
activities for colds, fevers, sore throats, bronchitis and
asthma [13]. Especially by the Yorubas of Nigeria, the
rind is burnt in homes as insecticides against mosquitoes.
The meso-carp is used as a very good facial scrub to
prevent pimples [14]. The traditional uses or
phytochemical properties of C. aurantifolia from several
literature described it as antibacterial [6, 15, 16],
antifungal [17-19], anti-parasitic [20-23], and can be used
for insecticide activity [24, 25]. In addition to
antimicrobial activities, lime has several medicinal
properties and potential health benefits which make it a
good candidate as a natural antimicrobial. However,
various solvents are known to possess varying extraction
potencies and as such, may affect their potentials against
microorganisms. It is therefore the aim of this study to
evaluate the antibacterial potentials of different extracting
solvents of Citrus aurantifolia leave against some
infection causing microorganisms.

2. Materials and Methods
2.1. Processing of Plant Samples
Plant materials; Citrus aurantifolia leaves, were collected
from Ekpoma, Edo State, Nigeria. The leaves were collected,
washed in tap water, rinsed in sterile distilled water and dried
for 5 days at 600 C in Laboratory of the Department of
Microbiology, Ambrose Alli University, Ekpoma. The dried
leaves were ground to powder with a clean kitchen blender
and stored in airtight glass containers kept in laboratory
cupboard, until required for preparation.
2.2. Preparation of Extracts
5grams of the ground leaves powder were weighed into
100ml sterile reagent bottle and 95ml of different extraction
solvents (Hydrochloric acid, Propylene glycol, Hot water,
Acetic acid, Acetone and Ethanol) were added and left to
extract on a mechanical shaker overnight at room
temperature. This was done using the ground leave materials
for each of the extraction solvents.
The extract solutions were then filtered separately
aseptically into another 100ml reagent bottle using a wattman filter paper No. 1. All the filtrate were screened for
purity by inoculation unto MacConkey agar and blood agar
plates and incubated at 370C for 48 hours. Filtrates yielding
growth of any organism were re-filtered and rescreened for
purity until a sterile extract solution was obtained, following
the methods outlined by Orhue [26].

2.3. Micro Organism Preparation/Growth
The
test
organisms;
Pseudomonas
aeruginosa,
Escherichiia coli, Staphylococcus aureus and Klebsiella spp,
were all human pathogenic organisms of clinical origin. They
were obtained from the Department of Microbiology, Faculty
of Natural Sciences, Ambrose Alli University, EkpomaNigeria, where they were kept as stock cultures at 4°C.
Biochemical analysis was carried out on each of the test
organisms for confirmation.
2.4. Determination of Minimum Inhibitory
Concentration (MIC)
Using a 50ml specific gravity bottle (SGB), the density of
the extract solution was determined. In a similar manner, the
density of the plain solvent was also determined. To
determine the concentration of the extract, the density of the
plain solvent was subtracted from that of the extract solution.
This was done for each of the extraction solvents. This
method hereafter will be termed “eureka method” of
determination of extract concentration. With the known
extract’s concentration and the clinical isolates, MIC of the
extract solutions were determined. The experiments were
performed in triplicates for each of the extraction solvents
and the average was calculated.
2.5. Data Analysis
Data were keyed into SPSS (version 16) and the average of
each determined MIC was then presented in suitable table for
simple descriptive comparison. The MICs of the different
extraction solutions were compared.

3. Results and Discussion
Table 1 shows the result of the determination of extract
concentrations from the different solvents. Based on the
results, propylene glycol had the highest concentration of
0.16 and as such better extraction potency compared to the
other solvents. This was followed by acetone and hot
waters with concentrations of 0.14 and 0.01 respectively.
On the other hand, ethanol, acetic acid and hydrochloric
acid have the least extraction potencies with
concentrations 0.04, 0.08 and 0.09 respectively. This
finding indicates that there are differences in quality of
extract from different solvents. In agreement with this
finding, differences between the compositions of oils
distilled in industry and in laboratory have been reported
[27].
Table 2 shows the minimum inhibitory concentration
(MIC in mcg/ml) of the leave extracts of Citrus aurantifolia
by the different solvent. Hot water extraction of Citrus
aurantifolia leave did not show any effect on the micro
organisms. Hydrochloric acid extraction of Citrus
aurantifolia leave was not effective on Pseudomonas
aeruginosa and Staphylococcus aureus but was most
effective on Klebsiella spp with MIC of 112mcg/ml and least
on Escherichiia coli with MIC of 480mcg/ml.
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Table 1. Extracts concentrations from the different solvents.
Agent

Weight of SGB

Hydrochloric acid
Propylene glycol
Hot water
Acetic acid
Acetone
Ethanol

24.04
24.04
24.04
24.04
24.04
24.04

Weight of plain
solvent
25.40
26.38
25.00
25.66
19.88
20.19

Density of plain
solvent
1.01
1.01
1.10
1.03
0.79
0.80

Weight of SGB
and extract
27.61
29.40
27.52
27.87
23.28
21.19

Density of
Extract
1.10
1.17
1.10
1.11
0.93
0.84

Conc
0.09
0.16
0.10
0.08
0.14
0.04

Table 2. MIC (mcg/ml) of the leave extracts of Citrus aurantifolia by different solvents.
Micro organism
Pseudomonas aeruginosa
Escherichiia coli
Staphylococcus aureus
Klebsiella spp

HCL
0
480
0
112

Acetic acid
800
400
200
100

PPG
600
800
400
100

Also, ethanol extraction of Citrus aurantifolia leave was
not effective on Klebsiella spp but was most effective on
Staphylococcus aureus, intermediate on Escherichiia coli and
least effective on Pseudomonas aeruginosa. Acetic acid,
Propylene glycol and acetol extractions of Citrus aurantifolia
leave were sensitive to all the micro-organism at different
MICs. Comparatively, acetic acid and Propylene glycol were
the most effective for Klebsiella spp while acetic acid was
most effective for Staphylococcus aureus and Escherichiia
coli but acetol was most effective for Pseudomonas
aeruginosa among the three extracts. Although Klebsiella
spp was resistant to ethanol extraction of Citrus aurantifolia
leave, the ethanol extract was the most sensitive to the other
micro-organisms. These findings indicate that antimicrobial
activity of the different solvents may be due to compositions
which the solvent may have been able to extract. In
agreement with this assertion, Costa et al. [28] has mentioned
that the antimicrobial activity of essential oils is strictly
connected to their chemical composition.

4. Conclusion
Based on the findings of this study, solvent extraction
potency need to be investigated for plants acclaimed to have
antibacterial activity. Also, the dissimilarities in findings
from researchers researching on the same plant may be due to
the variations in the solvent used for extraction. Thus, there is
the need to give an account of the solvents used for
extraction and the procedures for extraction for
reproducibility purposes.
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