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Abstract

world.

types of bacteria strains and one fungus.

organisms.

pharmaceutical industry or preservatives.

Background: Since primitive times, man has gone in different ways to search for cures and relief from various
diseases by using several plants, plant products and plant-derived products. Recently, there is a scientific curiosity
and certain popularity with regard to screening essential oils and extracts from plants used medicinally all over the

Objective: This study design to evaluate the component of ginger extracts in different solvents by HPLC in
addition to evaluate the in vitro effects of it on micro-organisms, especially the plant is used in Iraqi folk medicine as
anti-inflammatory, antipyretic, anti-diabetic, relieving rheumatic pains and for treating stomach discomfort.

Methods: The extraction of soluble compounds from ginger by the soxhlet method was performed by using
methanol and n-hexane as solvents and the main composition of ginger extracts were analyzed by HPLC. Agar —
well diffusion method tested antimicrobial activities of two crud extracts in different concentrations of plant on seven

Results: Seven components were identified from the separation of ginger extracts by HPLC. The two extracts
had antimicrobial activity, methanol extract was superior than n-hexane extract against the same tested micro-

Conclusion: The results of this study revealed that this plant possesses some antimicrobial properties
as antibiotics and antifungal, therefore they can be used as a potential source of active ingredients for food,

Keywords: Zingiber officinale; Chemical composition; Antimicrobial
activity; HPLC

Introduction

Ginger (Zingiber officinale), a member of the Zingiberaceae family,
is a well-known spice used in the daily diet in many Asian countries [1].
It is a thizomatous plant grown throughout South-eastern Asia, China
and in parts of Japan, Austria, Latin America, Jamaica and Africa. It
has been used as a spice and medicine in India and China since ancient
times. It was known in Germany and France in the ninth century and
in England in 10th century for its medicinal properties [2].

Over three quarters of the world population still rely on plants
and plant extracts for health care [2]. Ginger compounds are active
against specific type of diarrhea which is leading to cause death in
infant in developing countries. Moreover, it has been found that
ginger is effective in treating nausea caused by sea sickness, morning
sickness and chemotherapy, though it was found superior over a place
for post operative nausea [3]. In addition, it has been reported that
the main ingredients of ginger like volatile oil, gingerol, shogaol and
diarylheptanoids work as antioxidant, anti-inflammatory, anti-lipid,
anti-diabetic, analgesic, antipyretic and anti-tumor [1-11].

Moreover, it is consumed worldwide as flavoring agent which is
used extensively in food, beverage, and confectionary industries in
the products such as marmalade, pickles, chutney, ginger beer, ginger
wine, liquors, and other bakery products [12]. In South India, ginger is
used in the production of a candy called Injimurappa meaning ginger
candy in Tamil [3].

Currently, there is a growing interest to detect natural compounds
characteristics and activities, like plant extracts of herb and spices for

the preservation of foods, flavor characteristic and sometimes show
antioxidant activity as well as antimicrobial activity [11-13]. This gives
the motivation for our present study to focus on ginger.

The aim of this study was to determine the chemical composition
and antimicrobial activity for different extracts of ginger by investigating
its effects on inhibition of biological activity of bacteria and fungi.

Materials and Methods

Plant material

The dry rhizomes of ginger plant were collected from herbs
market, pulverized by a mechanical grinder and stored in airtight glass
containers in dark until extraction.

Microbial strains

All microbial strains used in the study are clinical strains, and
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kindly provided by microbiology laboratory in college of pharmacy
in (September 2011). They are Gram positive: - Staphylococcus
epidermidis, Staphylococcus aureus,

Gram negative: - Klebsiella sp., Escherichia coli, Proteus sp.
Enterococcus sp., Pseudomonas fluorescent.

Fungus:-Candida albicans.
Preparation of extraction

Soxhlet extraction (SE): The extraction of soluble compounds
from Zingiber officinale by the soxhlet method was performed by using
methanol or n-hexane as a solvent. The soxhlet procedure consisted
of ground ginger rhizomes (30 g) placed inside a thimble loaded into
the soxhlet extractor (Gerhardt/Germany). The total extracting time
was (10 hrs.), and the total amount of solvent was (300 ml) maintained
continuously refluxing over the sample. The solvent assays were
performed at solvent boiling temperature. After the extraction the
solvent was removed from the solute mixture by reduced pressure with
rotary evaporator (Heidolph/Germany).

In order to obtain a completing dry extract, the resultant extracts
were transferred to glass dishes and were left in 40°C oven for 24 hrs.
, then they were left at 4°C until assessments of their antimicrobial
activities.

Antimicrobial activity

Antibacterial activities of Zingiber officinale extracts were evaluated
by means of agar-well diffusion assay [14] with some modifications.
Fifteen milliliters of the molten agar (45°C) were poured into sterile
petri dishes (@90 mm). Working cell suspensions were prepared
and 100 pl was evenly spreaded onto the surface of the agar plates of
Mueller-Hinton agar (HIMEDIA, India). Once the plates had been
aseptically dried, 6 mm wells were punched into the agar with a sterile
Pasteur pipette. The residual extracts were dissolved in their extracting
solvents to yield the final concentration: 50, 25, 12.5, 6.25 and 3.1 mg/ml
and sterilized by filtration (filter pore size 0.45 um). Thus, 100 pl were
placed into the wells and the plates were incubated at 37°C for 24 hrs.
Solvents were used as negative control while antibiotic of streptomycin
at the concentration of 10 (ug/disk) was used as positive control.
Antimicrobial activity was evaluated by measuring the diameter of
circular inhibition zones around the well. A positive result was defined
as an inhibition zone (halo size) of 9 mm or more appearing around
the holes, indicating presence of antibacterial substance in the extracts
tested [10]. Tests were performed in triplicate.

Analysis of main constituents of ginger extracts using high
performance liquid chromatography (HPLC)

The main compound were separated on FLC (Fast Liquid
Chromatographic) column under the optimum condition, column
was phenomenex C-18, 3 um particle size (50x4.6 mm 1.D) column.
Mobile phase was THF (tetrahydrofuran), deionized water acidified
with 0.1% acetic acid (80:20 v/v) gradient program from 0% B to 100%
B for 12 minutes. Detection UV set at 282 nm, and flow rate 1.2 ml/
min. The separation occurred on liquid chromatography Shimadzu
10 AV-LC equipped with binary delivery pump model LC-10 A-SPD
spectrophotometer.

Results

Chemical composition of the extracts

Chromatographic analysis by HPLC of the crud extracts allowed

the identification of seven main components, in comparison with
standard. The major identified components from the terpene
family, most of them were sesquiterpene hydrocarbons among them
zingiberene (9%, 6%), - bisabolene (4%, 5%), a-farnesne (11%, 7%),
B-sesquiphellandrene (9%, 13%), monoterpene hydrocarbons which is
a-curcumene (14%, 0%) and phenolic compounds which are gingerol
(25%, 23%) and shogaol (18%, 25%) in methanol and n-hexane
respectively. There is different in the percentage of these components
in the two crude extracts according to % peak area which is illustrated
in (Table 1). Chromatograms from the HPLC analysis of the Zingiber
officinale extracts are present in Figures 1,2,3 and 4.

Antimicrobial activity of extracts

The in vitro antimicrobial activity of the two extracts against the
tested bacteria and fungi was assessed in both cases of presence and
absence of inhibition zone diameters. We found that the antimicrobial
activity of the two extracts i.e., diameter of inhibition zone mainly
depend on their concentration and on the strain of tested bacteria and
fungi.

So when the methanol used as a solvent, the antimicrobial activity
for Zingiber officinale rhizomes extract shown in table 2. Gram-positive
bacteria: Staphylococcus epidermidis shows sensitivity to methanol
extract concentration ranges from 50-25 (mg/ml), and Staphylococcus
aureus show sensitivity to concentration ranges from 50-12.5 mg/ml.
While, for Gram negative bacteria: Klebsiella sp. and Enterococcus sp.
show sensitivity to concentration ranges from 50-25 mg/ml, Proteus
sp., Escherichia coli and Pseudomonas florescent both shown sensitivity
to concentration of 50 mg/ml. Moreover Candida albicans fungi show
sensitivity to concentration of 50 mg/ml.

While, the antimicrobial activity for the extract by using n-hexane
as a solvent is shown in table 3, Gram-positive bacteria: Staphylococcus
epidermidis shows sensitivity to concentration of 50 mg/ml, while
Staphylococcus aureus show sensitivity to concentration ranges from
50-25 mg/ml. This extract is also show inhibition activity against
Gram-negative bacteria: Proteus sp., Escherichia coli, Enterococcus
sp., Pseudomonas florescent all show sensitivity towards 50 mg/ml
concentration. Moreover, this concentration also shows inhibition
action against Candida albicans fungi.

But as it is clear from the results when the n-hexane used as a
solvent its extract is less effective than methanol extract against the
same tested bacteria and fungi.

While, for negative control (solvents) used for preparation different
concentrations show no activity against any tested bacteria and fungi.
As shown in table 4.

Seq. Identified r_etentio_n % peak area* % peak area*
components time (minute) (methanol) (hexane)

1 gingerol 1.38 25 23

2 zingiberene 2.68 9 6

3 B-bisabolene 3.61 4 5

4 a-farnesene 4.29 11 7

5 shogaol 5.28 18 25

6 B-sesquiphellandrene |6.62 9 13

7 a-curcumene 7.19 14 0

*Peak area was calculated from area of (sample/total area)x100

Table 1: Relative composition profile, in % peak area, of Zingiber officinale extracts.
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Figure 1: Chemical structures of the components.

that the antimicrobial potency of ginger mainly caused by the presence
of oxygenated mono- and sesquiterpenes, phenolic compounds
(shogaol, gingerol) [15-18], which are lipid-soluble phenol compounds
primarily isolated from the root of ginger [10,19].

Bajpai and his colleague also support our explanation that as a
result of the presence of mono- and sesquiterpenoids within plant
extract, which consider main cause for their antimicrobial mode of
action. Since these compounds have different ways of effect since these
compounds not only attack cell walls and cell membranes i.e., affecting
their permeability and release of intracellular constituents (e.g. ribose,
Na glutamate) but they also interfere with membrane functions
(electron transport, nutrient uptake, protein, nucleic acid synthesis and
enzyme activity). Thus, these compounds might have several invasive
targets which could lead to the inhibition of bacterial pathogens [20].

Moreover, our results show that there is a noticeable difference in
the antimicrobial activity of the extract of ginger when the methanol
is the solvent than the extract when n-hexane is the solvent as seen in

Ll
B

Figure 3: HPLC chromatogram of methanol extract.

Discussion

Our present study design to obtain preliminary information on
the in vitro antimicrobial activity of Zingiber officinale rhizomes on
eight pathogenic micro-organisms, the agar- well diffusion method
was preferred to be used in this study, and the two crude extracts were
analyzed by HPLC.

The results show that the extraction of ginger by using either methanol
or n-hexane has an antimicrobial activity against both bacteria and
fungi. This may be caused as a result of the presence of gingerol and
shogaol as active ingredient within ginger. Since many studies indicated

Figure 4: HPLC chromatogram of n-hexane extract.
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table 2 and table 3. There are two points which can help in explanation
of this the first point one that as a result of variations in the chemical
composition which found between the two ginger extracts i.e.,
variation related with presence of a-curcumene which is monoterpene
hydrocarbon within methanol extract but not within n-hexane (Table
1). Chemical variation leads to difference within the antimicrobial
activity [18]. While the other point is that because of the difference
in concentration of this material i.e., a-curcumene between the two
extracts this may also leads to differences in the antimicrobial potency,
this difference in concentration could be due to the nature of solvent

Tested micro-organisms

50 25
Gram positive
Staphylococcus epidermidis 16.5 12
Staphylococcus aureus 17 16
Gram negative
Proteus sp. 12.5 -
Klebsiella sp. 14 10
Escherichia coli 12 -
Enterococcus sp. 14.5 12
Pseudomonas florescent 10 -
Fungi
Candida albicans 13.5 -

methanol (negative control) - -

*Diameter of inhibition zones including diameter of well 6 mm.
— No inhibition was observed.
Values are given as mean of triplicate experiment

used for extraction [18].

Also the results for both extracts were more effective against the
Gram-positive bacteria compared to the results for the Gram-negative
ones. The higher resistance of the Gram-negative bacteria could be
due to the complexity of the cell wall of this group of microorganisms.
Indeed, the external membrane of Gram-negative bacteria renders
highly hydrophilic surfaces whereas the negative charge of the surface
of the Gram-positive wall may reduce their resistance to antibacterial
compounds [15].

Inhibition zone diameter in (mm)" at different concentrations of methanol extract in (mg/ml)

12.5 6.25 3.1

14 - -

Table 2: Antimicrobial activities of methanol extract of Zingiber officinale rhizomes and methanol (negative control).

Tested micro-organisms
50

Gram positive
Staphylococcus epidermidis 18

Staphylococcus aureus 16.5
Gram negative

Proteus sp. 20.5
Klebsiella sp. -
Escherichia coli 18
Enterococcus sp. 15.5
Pseudomonas florescent 12
Fungi

Candida albicans 14
n-hexane -

*Diameter of inhibition zones including diameter of well 6 mm.
— No inhibition was observed.
Values are given as mean of triplicate experiment.

Inhibition zone diameter in (mm)‘at different concentrations of n-hexane extract in (mg/ml)

25 12.5 6.25 3.1

12.5 - - -

Table 3: Antimicrobial activities of n-hexane extract of Zingiber officinale rhizomes and n-hexane (negative control).

Tested micro-organisms

Gram positive
Staphylococcus epidermidis 21
Staphylococcus aureus 21

Gram negative

Proteus sp.

Klebsiella sp.
Escherichia coli
Enterococcus sp.
Pseudomonas florescent

Fungi
Candida albicans

*x

*Diameter of inhibition zones including diameter of well 6 mm.
**nystatin was not tested.
— No inhibition was observed.

Values are given as mean of triplicate experiment

Inhibition zone diameter in (mm)’ of streptomycin (10 ug/disk)

Table 4: Antimicrobial activity of streptomycin (positive control) at concentration of 10 (ug/disk).
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In addition, the results of antifungal activity assays showed that the
two extracts of Zingiber officinale had inhibitory effects on the growth
of candeda albicans fungi. Our results are in agreements with previous
study in literature mentioned above. The inhibitory effect observed
may be a result of monoterpene which is reported to have a wide range
of antifungal activity. Since the main mechanism by which will produce
its anti-fungal and antimicrobial action through the disruption of
bacteria or fungal membrane Integrity [21].

Conclusion

From the obtained results of our present study we can indicate
that ginger extracts have exhibited wide spectrum of antimicrobial
properties. Therefore, they can be used for preserving various foodstuffs
against microbial spoilage and it can be incorporated into medications
for topical antifungal or antibacterial therapy.
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