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Abstract
In this study, morphanatomical study and antibacterial activity of the rhizome of Zingiber officinale (Zingiberaceae) were investigated to assist as a
relevant source of information and contribute towards the standards to dispose the quality and identity of this plant to avoid adulterations. The transverse section of the rhizome includes different types of tissues which are epidermis, cork, cortex and vascular bundles. The cortex is formed of parenchyma cells, which often contain starch and oils in large amounts. In vitro
antibacterial activity was investigated by cork porous method. The most sensitive bacteria for all concentrations of the methanolic and only 50 mg/ml for
the water extract was Staphylococcus aureus. Pseudomonas aeruginosa was
found to be sensitive for both extracts used. Bacillus subtilis was sensitive for
the methanolic extract only. Escherichia coli was found to be not sensitive
except for 100 mg/ml concentration of the methanolic extract.
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1. Introduction
Medicinal plants are used as primary health care aid among 80% of the world’s
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population in the form of plant extracts or their active components [1]. Today
there is a renewed interest in drugs of natural origin simply because green medicine is always supposed to be safe and of their easy availability. Another factor
which emphasizes this attention is the incidences of harmful nature of synthetic
drugs which are regarded as harmful to human beings and environment. The
disadvantage is that herbal drugs are victims of adulteration. To meet the growing demands, the natural drug is easily adulterated with low grade materials. The
misuse of herbal medicine or natural products starts with wrong identification
[2]. Standardization and quality control are essential analytical tools to assure
the correct identification of drugs. Advances in microscope technology and improvements in light and scanning electron microscopes have increased the accuracy and capabilities of microscopy as a mean of botanical identification. Adulteration and misidentification of herbal drug can cause serious health problems
[3]. The increased usage of antibiotics has induced microorganisms to acquire
resistance factors which have become a burning predicament [4].

Zingiber officinale Roscoe, (Ginger) belongs to family Zingiberaceae [5]. It is
a perennial herb, with leafy stem up to 60 cm. The rhizome is horizontal,
branched, fleshy, aromatic, white or yellowish to brown. Leaves are narrowly or
linear-lanceolate. Flowers are produced in a dense spike. It has been widely used
all over the world. The Zingiberaceous plants have strong aromatic and medicinal properties and are characterized by their tuberous or non-tuberous rhizomes. Z. officinal rhizome (Ginger), has been a popular spice and herbal medicine for thousands of years, ginger has been used to help treat arthritis, cramps,
rheumatism, sprains, sore throats, muscular aches, pains, constipation, vomiting,
hypertension, indigestion, dementia, fever and infectious diseases, bacterial infections [6], as well as antioxidant effects that could have applications against
certain types of cancer. The objectives of this study are to assess quality of Z. of-

ficinale herbal medicine for therapeutic value and authentication due to very little literature available.

2. Material and Methods
2.1. Materials
2.1.1. Plant Materials
Zingiber officinale rhizomes (fresh ginger) were purchased from a market in
Khartoum (Sudan) in 2016, identified and authenticated at Medicinal and Aromatic Plant Research Institute National Central for Research Sudan.
2.1.2. Bacterial Microorganisms
The microorganisms selected for the study are:

Bacillus subtilis (NCTC 8236 (Gram +ve bacteria),
Staphylococcus aureus (ATCC 25923(Gram +ve Bacteria),
Escherichia coli (ATCC 25922 (Gram −ve bacteria),
Pseudomonas aeruginosa (ATCC 27853 (Gram −ve bacteria).
DOI: 10.4236/oalib.1104890
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2.2. Methods
2.2.1. Morphology
The external structure of Z. officinale rhizome and its powder were determined
and outlined.
2.2.2. Anatomy
1) Powder study
The powder of the rhizome was studied microscopically to outline the anatomical characters. The powder was tested for the presence of starch and oils
using iodine and Sudan III stains respectively.
2) Transverse section
The fresh rhizomes were sectioned transversely using the methods described
by [7] with some modifications.
2.2.3. Anti Bacterial Tests
1) Preparation of the alcoholic extracts
Extraction was carried out according to method descried by [8] Sukhdev et al.
(2008). Fresh rhizomes were dried in shade and grinded using mortar and pestle.
50 g dried powder were extracted with methanol using soxhlet extractor apparatus. Extraction carried out for about eight hours till the solvent returned colorless at the last siphoning times. Solvent was evaporated under reduced pressure
using rotary evaporator apparatus. Finally, extract allowed to air in Petri dishes
till complete dryness and the yield percentage was calculated as followed:
Weight of extract obtained/weight of plant sample × 100.
2) Preparation of the aqueous extract
50 g of the plant sample was soaked in 500 ml hot distilled water, and left till
cool down with continuous stirring at room temperature. Extract was then filtered and freeze-dried till powdered extract obtained. Yield percentage was calculated as above.
3) Preparation of bacterial suspensions
One ml aliquots of a 24 hours broth culture of the test organisms were aseptically distributed onto nutrient agar slopes and incubated at 37˚C for 24 hours.
The bacterial growth was harvested and washed off with 100 ml sterile normal
saline, to produce a suspension containing about 108 - 109 C.F.U/ ml. The suspension was stored in the refrigerator at 4˚C till used.
The average number of viable organisms per ml of the stock suspension was
determined by means of the surface viable counting technique [9]. Serial dilutions of the stock suspension were made in sterile normal saline solution and
0.02 ml volumes of the appropriate dilution were transferred by micro pipette
onto the surface of dried nutrient agar plates. The plates were allowed to stand
for two hours at room temperature for the drops to dry and then incubated at
37˚C for 24 hours. After incubation, the number of developed colonies in each
drop was counted. The organisms tested were grown in broth over night to contain 108 organisms per ml. Loop-full of diluted culture is spotted with a standard
DOI: 10.4236/oalib.1104890
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loop that delivers 0.001 ml on the surface of each segment and then incubated at
37˚C for 24 hours. The end point (MIC) is the least concentration of antimicrobial agent that completely inhibits the growth. Results are reported as the
MIC in mg/ml.
4) Testing for Antibacterial Activity
The cup-plate agar diffusion method [10], was adopted with some minor
modifications to assess the antibacterial activity of the prepared extracts. The
agar was left to set and in each of these plates 4 cups (10 mm in diameter) were
cut using a sterile cork borer (No. 4) and agar discs were removed. Plates were
prepared in series of decreasing concentrations of the plant extracts in the following order 100, 50, 25, 12.5, 6.25; mg/ml. Alternate cups were filled with 0.1
ml sample using automatic microliter pipette and allowed to diffuse at room
temperature for two hours. The plates were then incubated in the upright position at 37˚C for 18 hours, after incubation the diameters of the resultant growth
inhibition zones were measured, averaged and the mean values were tabulated.

3. Results and Discussion
3.1. Morphological Characters of Z. officinale Rhizome
The rhizome is buff colored, with aromaticodor. Taste is agreeable and pungent.
The rhizomes are laterally compressed, bearing short flat ovate and oblique
branches on the upper side, with bud at the apex. The fracture is Short and fibrous. It gives positive test for starch and oils. The pharmacognostical characters
of the powder of the rhizome of Z. officinale had been studied [11] and found
that it contains starch, cellulose , protein, lignin, mucilage, tannin, calcium oxalate, fixed and volatile oils.

3.2. Anatomical Characters
Figure 1 shows transverse section of Z. officinale rhizome, it is formed of the
following tissues:
Epidermis: The outermost layer and it is distinct continuous layer, consisting
of a single row of rectangular cells.
Hypodermis: 3 - 5 layers of sclerenchyma cells.

(a)

(b)

Figure 1. Transverse Section of Z. officinale rhizome. (a) Showing epidermis, hypodermis, cork and cortex; (b) Showing a vascular bundle.
DOI: 10.4236/oalib.1104890
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Cork region: composed of 6 - 7 layers of irregularly arranged, rectangular to
tangentially elongated, slightly brown-colored cells, arranged in radial rows.
The cortex: composed of thin-walled large hexagonal to polygonal ground
parenchymal cells filling the section. The cortical cells are heavily loaded with
starch grains and oil droplets.
Vascular Bundles: Many scattered, collateral, closed. Each vascular bundle
consists of phloem, composed of small thin-walled polygonal cells. These bundles have only one to three xylem vessels. No fibers are present enclosing these
small bundles [3]. Most frequent microscopic structures observed into these
subterranean stems includes cork and vascular tissues in varying amounts and
abundant parenchyma, which often contains starch in large amounts. Chlorenchyma, palisade tissue, and aleurone grains are not present the powder of Zingi-

ber officinale had studied macro and microbscopcally [12] and the dignostie
characters of it are: pareixhyma cells unit at adherent oleo resin, parendyma cells
with wrinklod) cell wall, ussel, ussel with parenchyma cells and staroh grains
[13]. Talele et al. (2015) Stated that Ginger contains a many constituent like
starch, fat, Gingerol and volatile oil [12]. Kumar et al. (2011) studied the transverse section of Z. officinale rhizome and described the same tissues found in
this study.

3.3. Percent Yield of Extracts
The percentage yields of the methanolic and aqueous extracts were calculated,
Table 1 demonistrates the percentages, they were found to be low. The percentage yield of the methanolic extract was higher than that of the aqueous extract.

3.4. Antimicrobial Activity
3.4.1. Methanolic Extract
Table 2 demonstrates the antibacterial activity of methanolic extract from therhizome of Zingiber officinale were evaluated. In vitro antibacterial activity was
investigated by cork porous method. The most sensitive bacteria were bacteria:
Table 1. Percentage yields of the extracts.
Weight of sample

Methanol

Aqueous

Weight of extract

Yield %

Weight of extract

Yield %

6.969 g

13.938%

1.942 g

3.884%

50 g

Table 2. Antibacterial activity of the methanolic extract.

DOI: 10.4236/oalib.1104890

Concentration

6.125

12.25

25

50

100

Staphylococcus aureus

16

16

18

19

19

Escherichia coli

-

-

-

-

10.5

Bacillus subtilis

12

12

14

15

16

Pseudomonas aeruginosa

17

15

19

20

19
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Staphylococcus aureus (ATCC 25923). Pseudomonas aeruginosa (ATCC 27853)
followed by Bacillus subtilis (NCTC 8236) but E. coli was found to be not sensitive except for 100 mg/ml concentration.
3.4.2. Water Extract
Table 3 demonstrates the antibacterial activity of water extract from the rhizome
of Zingiber officinale were evaluated. In vitro antibacterial activity was investigated by cork porous method. The most sensitive bacteria were Pseudomonas

aeruginosa (ATCC 27853), Staphylococcus aureus (ATCC 25923) was found to
be sensitive for 50 mg/ml concentration but Bacillus subtilis (NCTC 8236) and

E. coli were found to be not sensitive except for any of the concentrations tested.
that ginger extracts have exhibited wide spectrum of antibacterial 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 [14] as antibiotics and antifungal, therefore they can be
used as a potential source of active ingredients for food. The results indicated
that Zingiber officinale, extracts (water, ethanol, and chloroform), exhibited an
antimicrobial activity against Escherichia coli and B. subtilis bacterial [15]. Z. of-

ficinale ethanolic extract has shown a wide range of influence on gram positive
aerobic bacteria. This investigation of ginger has confirmed its significance, especially in the area of influence on tested staphylococci [16].
Figures 2-5 show Antibacterial activities of methanolic and water extracts
against tested bacteria.

(a)

(b)

Figure 2. Staphylococcus aureus. (a) Alcohol extract; (b) Water extract.
DOI: 10.4236/oalib.1104890
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(a)

(b)

Figure 3. Escherichia coli. (a) Alcohol extract; (b) Water extract.

(a)

(b)

Figure 4. Pseudomonas aeruginosa. (a) Alcohol extract; (b) Water extract.

(a)

(b)

Figure 5. Bacillus subtilis. (a) Alcohol extract; (b) Water extract.
Table 3. Antibacterial activity of the water extract.
concentration

6.125

12.25

25

50

100

Staphylococcus aureus

-

-

-

13

-

Escherichia coli

-

-

-

-

-

Bacillus subtilis

-

-

-

-

-

Pseudomonas aeruginosa

-

10

12

12

-

4. Conclusion
The morphanatomical result generated from this study would be useful in identification and standardization of Z. officinale rhizome materials towards quality
assurance and also for preparation of a monograph on the plants. The study also
revealed that this plant possesses some antibacterial properties. From the obDOI: 10.4236/oalib.1104890
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tained results, we can indicate the methanol extract was superior to the water
extract against the same tested microorganisms.
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