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ABSTRACT

This study investigated the effect of Zingiber officinale (Ginger) and Allum sativum (Garlic) on
biofilm forming Staphylococcus aureus isolated from selected boreholes in Port Harcourt city Local
Government Area of Rivers State. Twenty four water samples were collected from 4 randomly
selected borehole. Borikiri had the highest number of isolates that produced biofilm, while
Elelennwo had the lowest number. Out of 23 isolates of Staphylococcus aureus, 14 were positive
for biofilm production. Hemolysis production range of these isolates was from alpha, beta and
gamma. Filter paper disc were inoculated with various plant extract concentrations. Methanol garlic
extract at 100mg/ml had the highest range of zone of inhibition at Borikiri when compared to
methanol ginger extract while methanol garlic extract at 100mg/ml had no range at Elelenwo when
compared to methanol ginger extract. This study suggests that methanolic ginger and garlic
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extracts can be used as a potential anti-biofilm agent in borehole water, to reduce the risk of

bacterial biofilm formation.

Surveillance systems should be increased for assessing risk factors of diseases and to provide

strategies to prevent and protect public health.
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1. INTRODUCTION

A biofilm is a complex matrix of microbial
communities made of polysaccharides, proteins,
and other organic materials in which the cells
adhere tightly to produce attachments to
surfaces that are either biotic or abiotic. Microbes
that adhere to a surface can survive under
difficult conditions, such as the presence of
innate host defenses and antimicrobial
compounds, [1]. As a result, the
development of biofilms is one of the indirect
mechanisms by which bacteria become resistant
to antibiotics, and biofilms are the sites where
members of the biofilm microcommunity transfer
resistance genes to one another. Biofilms could
be involved in over 60% of microbial infections,
while two-thirds of all human bacterial infections
are caused by the biofilms. Antibiotic-resistant
bacteria are those that are associated with
biofilms. The complex biofilm structure and
extracellular polymeric matrix may make it
difficult for antibiotics to reach the bacterium [2].
The fundamental causes of many
persistent and chronic infections are the
development of these sessile communities and
their innate resistance to  antimicrobial
drugs [3].

Ginger (Zingiber officinale) is a perennial herb
with greenish yellow flowers that resemble
orchids. It is a two-foot-tall perennial plant with
thin leaves. The rhizome is white to yellowish to
brown, horizontal, branching, meaty, and
scented. The slender, linear-lanceolate leaves
can reach a length of 20 cm and a width of 1.5-2
cm. The volatile oils, which are the medicinally
active components and are also in charge of
giving ginger its distinctive flavor and smell, can
be found in between one and four percent of the
dried rhizome. A dense spike of flowers, which
are bright green with purple ends, is produced.
South-Eastern Asia has a large distribution of
this plant. The Liliaceae family includes the
perennial bulbous plant Allium sativum, which is
used medicinally. Numerous microorganisms are
inhibited by it [4]. It has long been recognized
that this plant contains antibacterial properties.
Garlic has the potential to be a powerful
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antidermatophytic agent, as demonstrated by
(Venugopal & Venugopal in [5]). Microorganisms
with a high level of antibiotic resistance can be
treated with garlic. Staphylococcus species are
gram-positive, non-motile, spherical in shape,
and come in a range of sizes. They can be
discovered on their own, in pairs, or in random
groups. Colonies are opaque and usually white
or cream, however they may seem yellow or
orange. It thrives between 30 and 37°C.
Staphylococcus aureus is the most
harmful species of Staphylococci that affects
humans. Gram-positive, non-motile, facultative
anaerobic Staphylococcus aureus might show up
alone, in pairs, or in clusters that resemble
grapes. S. aureus can enter the tissue by
piercing the skin and mucous membrane barriers
by traumatic inoculation or surgery. After
penetrating the underlying tissue, it results in a
characteristic local abscess lesion [6], and if it
enters the lymphatic system, it may induce
septicaemia [7]. S. aureus is regarded as a
significant opportunistic pathogen that can
infect both immunocompetent and
immunocompromised individuals and cause a
variety of infections, including food poisoning,

boils, septicemia, pustules, soft tissue
infections, urinary tract infections (UTIs),
impetigo, osteomyelitis, mastitis, meningitis,

bronchopneumonia, and wound infections [8]. A
variety of multi-drug resistance genes are found
on plasmids in Staphylococcus aureus strains,
which encourages the spread of resistance even
between distinct species [9]. Due to their
potential to develop resistant genes, these
pathogenic bacteria poses a challenge to the use
of antibiotics in the effective treatment of
diseases increasing the need for more
expensive antibiotics, sophisticated medical
equipment, and prolonged hospital stays for
patients, particularly in developing nations like
Nigeria.

The aim of the study is to
determine the antimicrobial effect of Allium
sativum (Garlic) and Zingiber officinale
(Ginger) on biofilm forming Staphylococcus
aureus and isolated from borehole
water.



George et al.; S. Asian J. Res. Microbiol., vol. 16, no. 3, pp. 21-27, 2023; Article no.SAJRM.106479

2. MATERIALS AND METHODS
2.1 Collection of Water Samples

The study was carried out in 4 different locations
in Rivers State, Nigeria. The coordinates of the
locations includes; Rivers State University (4°
47'32"N, 6° 58'56"E), Borikiri (4 © 52'15.46"N, 6 °©
59'565"E) Rumuolumeni (4° 48'13”N, 6° 50'45”E),
Elelenwo (4° 50'33"N, 7° 4'41”E. Standard
procedures were adopted in water sample
collection and laboratory analysis in line with
requirement specified by WHO. The collected
samples were placed in ice pack container
(Sabino et al., 2014) and sent to the microbiology
laboratory of the department of Microbiology,
Rivers State University for analysis.

2.2 Isolation and Characterization of

Staphylococcus species

Direct plating and serial dilution (10-2) was
carried out before the samples were inoculated on
Mannitol Salt Agar. The plates were spread
evenly using sterile bent glass rod and were
incubated at 37°c for 24-48 hours. After
incubation, plates were observed for microbial
growth. Colonies appear yellowish, slightly raised
and smooth, counts were made for the respective
plates and colonies were characterized
morphologically and were subcultured on freshly
prepared nutrient agar plates.

2.3 Preservation of Isolates

Pure cultures of the bacterial isolates were
preserved in bijou bottles containing 10% freshly
prepared glycerol, the bottles were kept frozen in
the refrigerator [10].

2.4 Characterization and ldentification of
Bacterial Isolates

The morphological and biochemical
characteristics of the bacterial isolates were
determined using the method of Cheesbrough
[11]. The morphological and biochemical test
includes; Gram staining, motility, indole, sugar
fermentation, citrate utilization, methyl red,
vogees proskauer test.

2.5 Sugar Fermentation Test
With a straight inoculation needle, an isolated

colony of organisms from a pure culture was
streaked onto the surface of Triple Sugar Iron
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Agar Slant (TSI). The medium was first stabbed
through the middle to the bottom of the tube. The
tube's cap was left loose, and it was incubated for
18 to 24 hoursat 35 to 37 °c.

2.6 Methyl Red Test

A colony of the test organism was aseptically
inoculated into recently made MRVP broth. Each
test tube was filled with five (5ml) of MRVP broth
before being autoclaved at 1210C for 15 minutes.

Forty eight hours were spent incubating the broth
after a loopful of the test organism was added.
After incubation, the culture received 5 drops of
methyl red indicator [12].

2.7 Citrate Utilization Test

Simmons citrate agar was made, put into test
tubes, and autoclaved. After being angled, the
tubes were given time to cool and solidify. By
contacting the surface of the slant with cultures
of 18-24 hour-old organisms, the slant was
infected. For 24 to 48 hours, the tubes were
incubated at 37¢oc. Alkalization- related blue color
development was noticed and noted as
beneficial, otherwise, as negative [11].

2.8 Biofilm Screening

The tube approach was employed for detection
of biofilm. A loop of inoculum was incubated in
10 ml of nutrient glucose broth for 24 hours. The
tubes content were discarded and they were
given a single wash in 9 ml of phosphate buffer
saline before being thrown away. Each tube was
rinsed with 10 ml of crystal violet and left to sit at
room temperature for 30 minutes before being
discarded. After being cleaned with water, the
tubes were dried at room temperature while
being turned upside down. Clear film on the tube
walls and bottom served as a biofilm production
indicator [13].

2.9 Preparation of Plant Extracts

Zingiber officianle (Ginger) and Allum sativum
(Garlic) were dried and blended into powder
using a blender. 100 g of dried ginger and garlic
powder were combined with 400 mL of pure
methanol to create the methanolic extract. For 24
hours, the created solution was kept at room
temperature. The mixture was agitated once
more, filtered through Whatman filter paper, and
the solvent was then evaporated out of the
mixture [14]. The disc diffusion method was used
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to conduct the antimicrobial susceptibility test
[15]. Filter paper disks, made as described by
Ochie and Kolhatker [16] were impregnated with
concentrations of extracts

3. RESULTS

3.1 Distribution of Staphylococcus
aureus among Study Location

14 isolates of Staphylococcus aureus were
positive for biofilm production. Borikiri had the
highest prevalence occurrence of 50%, Rivers
State University had 28.6%, Rumuolumeni had
14.2% and Elelenwo had 7.1%. The result is
shown in Fig. 1.

3.2 Range of Zones on Inhibition of Plant
Extracts

The results of methanol ginger extracts on biofilm
forming Staphylococcus aureus as revealed in
Table 1 shows that at 200mg/ml, Borikiri ranged
from 9-19mm, Rivers State University ranged
from 15- 17mm, Rumuolumeni ranged from O-
16mm and Elelenwo had 17mm. At 50mg/ml,

University ranged from 12-14mm, Rumuolumeni
ranged from 0-15mm and Elelenwo had 14mm.
At 25mg/ml, Borikiri ranged from 0-13mm, Rivers
State University ranged 10-13mm, Rumuolumeni
ranged from 0-14mm and Elelenwo had 13mm.
At 12.5mg/ml Borikiri ranged from 0-11mm,
Rivers State University ranged from 8-11mm,
Rumuolumeni ranged from O0- 1lmm and
Elelenwo had 11mm.

The results of methanol garlic extracts on biofilm
forming Staphylococcus aureus as revealed in
Table 2 shows that at 100mg/ml, Borikiri ranged
from 0-22mm, Rivers State University ranged
from 0- 20mm, Rumuolumeni ranged from O-
13mm and Elelenwo had no zones
of inhibition. At 50mg/ml, Borikiri ranged from 0-
19mm, Rivers State University ranged from O-
19mm, Rumuolumeni ranged from 0-11mm and
Elelenwo had no range. At 25mg/ml, Borikiri
ranged from 0-17mm, Rivers State University
ranged from 0-17mm, Rumuolumeni ranged from
0-11lmm and Elelenwo had no range. At
12.5mg/ml Borikiri and Rivers  State
University ranged from 0-16mm, Rumuolumeni
ranged from O- 8mm while Elelenwo had no

Borikiri ranged from 8-18mm, Rivers State range.
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Fig. 1. Prevalence of biofilm forming Staphylococcus aureus in different locations
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Table 1. Range and means of zones of inhibition (mm) of different concentration of methanol
ginger extract on biofilm forming Staphylococcus aureus isolated from differentborehole

locations
Locations 100 mg/ml 50 mg/ml 25 mg/ml 12.5 mg/ml Gentamicin (10ug/ml)
Borikiri 9-19 (13.4) 8-18(11.7) 0-13(9.7) 0-11(8.3) 20-23 (28)
Rivers StateUniversity 15-17(16.3) 12-14 (13.3)  10-13(12) 8-11(10) 20-27 (30.5)
Rumuolumeni 0-16 (8) 0-15 (7.5) 0-14 (6.5) 0-11 (5.5) 28-33(23.5)
Elelenwo 17 14 13 11 29

Table 2. Range and means of zones of inhibition (mm) of different concentration of methanol
garlic extract on biofilm forming Staphylococcus aureus isolated from differentborehole

locations
Locations 100 mg/ml 50 mg/ml 25 mg/ml 12.5 mg/ml _ Gentamicin (10pg/ml)
Borikiri 0-20 (13.7) 0-19 (13) 0-17 (11.7) 0-16 (10.9)  20-23 (28)
Rivers StateUniversity 0-20 (10) 0-19 (9.5) 0-17 (8.5) 0-16 (8) 20-27 (30.5)
Rumuolumeni 0-13 (6.5) 0-11 (5.5) 0-10 (5) 0-8 (4) 28-33 (23.5)
Elelenwo 0 0 0 0 0
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Fig. 2. Means of different concentrations of methanolic garlic, ginger extracts andgentamicin
as control respectively using disc diffusion method

4. DISCUSSION

Biofilms are bacterial aggregates attached to
various biotic and abiotic surfaces which can
interact with each other and adapt themselves to
environmental stressors [17]. According to
previous studies [18], biofiims tend to become
more resistant to antibiotics and disinfectants
thereby become a reservoir for spread of
pathogenic organisms. Borikiri had the highest
number of prevalence of biofim forming
Staphylococcus aureus while Elelenwo had the
lowest. Out of 23 isolates of Staphylococcus
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aureus, 14 isolates were positive for biofilm
production, 5 isolates that produced biofilm had
gamma hemolysis, 8 isolates had beta hemolysis
and 1 isolate had alpha hemolysis. Hemolysis
test indicates that these microorganisms are
capable of lysing the red blood cells which is
harmful to human. Hemolysis refers to the
disruption of erythrocyte membranes that causes
the release of hemoglobin which could result in
decrease of erythrocyte life span [19,20]. For
metahnolic garlic extract at 100mg/ml Rivers
state university had the highest mean while
Elelenwo had no value, for methanol ginger
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extract at 100 mg/ml Elelenwo had the highest
mean while Rumuolumeni had the lowest, for
Methanol garlic extract at 50 mg/ml Borikiri had
the highest mean while Elelenwo had no value,
for methanol ginger extract at 50 mg/ml Elelenwo
had the highest mean while Rumuolumeni had
the lowest, for Methanol garlic extract at 25
mg/ml Borikiri had the highest mean while
Elenwo had no value, for methanol ginger extract
at 25 mg/ml Elelenwo had the highest mean
while Rumuolumeni had the lowest, for methanol
garlic extract at 12.5 mg/ml Borikiri had the
highest mean while Elelenwo had no value, for
methanol ginger extract at 12.5 mg/ml Elelenwo
had the highest mean while Rumuolumeni had
the lowest. Rivers State University had the
highest mean value for gentamicin (Control)
while Rumuolumeni had the lowest mean value
[21]. Methanol garlic extract at 100mg/ml had the
highest range of zone of inhibition at Borikiri
when compared to methanol ginger extract while
methanol garlic extract at 100mg/ml had no
range at Elelenwo when compared to methanol
ginger extract.

5. CONCLUSION AND RECOMMENDA-
TION

The discovery of Staphylococcus aureus in
borehole water suggested that food poisoning is
a significant reason for public health action. Poor
sanitation practices, such as refuse dump site,
septic system and human activities close to
these boreholes, are a sure pollution contributing
factor. Biofilm producer organisms cause
nosocomial and recurrent infections. To
overcome chronic and recurrent infections, it is
important to detect biofilms of microorganisms.

The safety of borehole waters is an
important and timely issue, especially as regards
to public health sustainable water
management.

Surveillance systems should be increased for
assessing risk factors of diseases and to provide
strategies to prevent and protect public
health. Proper purification and treatment of
domestic water sources in the study area should
be ensured before being used. Methanolic
ginger and garlic extracts can be used as a
potential  anti-biofim agent in  borehole
water.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

26

REFERENCES
1. Gupta P, Sarkar S, Das B, Bhattacharjee
S, Tribedi P. Biofilm, pathogenesis and
prevention a journey to break the wall:
Review of Arch Microbiology. 2015;19:1-
15

Alhede M, Archer NK, Mazaitis MJ,
Costerton JW, Leid JG, Powers ME,
Shirtliff ME. Staphylococcus aureus
biofilms properties, regulation and roles in
human disease. Virulence. 2014;2(5):445—
459.

Len AC, Harty DW, Jacques NA. Stress-
responsive proteins are up regulated in
Streptococcus  mutans  during  acid
tolerance. Microbiology. 2004;150:1339-
1351.

Banerjee SK, Maulik SK. Effect of garlic on
cardiovascular  disorders: a review.
Nutrition Journal 2002;1:4.

Venugopal PV, Venugopal TV.
Antidermatophytic activity of garlic (Allium
sativum) In vitro. International Journal of
Dermatology. 1995;34:278-279.

Coates R, Moran J, Horsburgh MJ.
Staphylococci: Colonizer and pathogens of
human skin. Future Microbiology.
2014;9:75-91.

Huggan PJ, Wells JE, Browne M,
Richardson A, Murdoch DR, Chambers ST.
Population- based epidemiology of
staphylococcus aureus bloodstream
infection in canterbury, New Zealand.
International Medical Journal.
2010;40:117-125.

Steven YC, Joshua SD, Emily E, Thomas
LH, Vance GF. Staphylococcus aureus
infection, epidemiology, pathophysiology,
clinical manifestations and management.
Clinical Microbiology Reviews.
2015;28(3):603-661.

Todar K. Bacterial Resistance to
Antibiotics. Todar’s online textbook of
Bacteriology; 2011.

Missiakas DM, Schneewind O. Growth and
Laboratory Maintenance of
Staphylococcus aureus. Current Protocols
in Microbiology. 2013;9(9):1.
Cheesbrough M. Microbiological test
district laboratory practice in tropical
countries. In: Cremer, A., and Evan, G.
Cambridge University Press, UK. 2000;1-
226.

Cheesbrough M. District laboratory
practice in tropical countries. Cambridge
University Press. 2006;62.

10.

11.

12.



13.

14.

15.

16.

17.

George et al.; S. Asian J. Res. Microbiol., vol. 16, no. 3, pp. 21-27, 2023; Article no.SAJRM.106479

Christensen GD, Simpson WA, Younger
JJ, Baddour LM, Barrett FF, Melton DM,
Beachey EH. Adherence of coagulase-
negative Staphylococci to plastic tissue
culture plates. Journal of Clinical
Microbiology. 1995;22:996-1006.

Moazeni M, Nazer A. In vitro effectiveness
of garlic (Allium sativum) extract on
scolices of hydatid cyst. World J Surg.
2010;34:2677-2681.

Clinical and Laboratory  Standards
Institution (CLSI). Methods for dilution
antimicrobial susceptibilty tests for bacteria
that grow aerobically; 2007.

Ochei J, Kolhatkar A. Medical Laboratory
Science, Theory and Practices. 2008;311-
347.

Mahapatra A, Mahapatra S, Ghosh S.
Bacterial language an interactive
installation. Indian Medical Gazette. CXL.
2006;(12):554-59.

18.

19.

20.

21.

Costerton JW. Lewandowski Z, Caldwell
DE, Korber DR, Lappin-Scott HM.
Microbial biofims.  Annual Review
Microbiology; 2000

Harwood VJ, Staley SC, Badgley BD,
Borges K, Korajkic CA. Microbial source
tracking markers for detection of fecal
contamination in environmental waters:
Relationships between pathogens and
human health outcomes. FEMS Microbiol
Rev. 2005;38(1):1- 40.

Franco RS. The measurement and
importance of red blood cell survival.
American Journal of Heamatology. 2009;
84:109-14.

Sabino R, Rodrigues R, Costa |, Carneiro
C, Cunha M. Routine-routine screening of
harmful microorganisms in beach sands
and water for: Implications to public health.
Science and Total Environment. 2014;472:
1062-1069.

© 2023 George et al.; This is an Open Access atrticle distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/106479

27


http://creativecommons.org/licenses/by/2.0

