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ABSTRACT 
 

This studyinvestigated the effect ofZingiberofficinale(Ginger) and Allumsativum (Garlic)on biofilm 

formingStaphylococcusaureus isolatedfrom selected boreholes in Port Harcourtcity Local 

Government Areaof Rivers State. ,atotal numberofTwenty four  24 watersamples were collected from 

4 randomlyselected borehole. Borikiri had the highest number ofisolates that produced biofilm, while 

Elelennwo had the lowest number.Out of23 isolatesofStaphylococcus aureus, 14 werepositivefor 

biofilm production. Hemolysis production range of these isolates was from , 

theirhemolysisproduction rangedfrom alpha, betaandgamma.Filterpaper disc wereinoculated with 

variousplant extractconcentrations. Methanol garlicextract at 100mg/ml had the highest rangeof 

zoneof inhibition atBorikiri when compared to methanol gingerextract while methanol garlic extract 

at100mg/ml had no rangeat Elelenwo whencompared to methanolginger extract.This 

studysuggeststhat methanolicgingerandgarlicextracts canbeused as apotential anti- biofilmagent in 

boreholewater,whichcanto reducethe risk of bacterial biofilmformation. Surveillance systems should 

beincreased forassessingrisk factors ofdiseases and to provide strategies to prevent andprotect public 

health. 
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Introduction 
 

A biofilm is a complex matrixof microbial communities madeof polysaccharides, proteins, and other 

organicmaterialsinwhichthecellsadheretightly toproduceattachmentstosurfacesthatareeither biotic or 

abiotic. Microbesthatadhere toa surfacecansurvive under difficultconditions,suchasthe 

presenceofinnatehostdefensesandantimicrobialcompounds,thankstobiofilms(Gupta etal.,2015). 

Asaresult,thedevelopmentofbiofilmsisoneoftheindirectmechanismsby whichbacteriabecome resistant 

to antibiotics, and biofilms arethe sites wheremembers ofthe biofilm microcommunitypass transfer 

resistancegenestooneanother.Biofilmscouldbeinvolvedinover60%ofmicrobialinfections,while two-

thirdsofallhumanbacterialinfectionsarecausedbythebiofilms.Antibiotic-resistantbacteriaare 

thosethatare associatedwithbiofilms.Thecomplexbiofilmstructureandextracellularpolymeric matrix  

maymakeitdifficultforantibioticsto  reach  thebacterium.(Alhedeetal.,2014).  The 

fundamentalcausesofmany persistentandchronicinfectionsarethedevelopmentofthesesessile 

communities and theirinnateresistanceto antimicrobial drugs (Lenet al., 2004). 

Ginger (Zingiberofficinale) isa perennialherbwithgreenishyellowflowersthatresemble orchids.It isa 

two-foot-tallperennialplantwiththinleaves.Therhizome iswhite toyellowishtobrown, 

horizontal,branching,meaty,andscented.Theslender,linear-lanceolateleavescanreachalengthof 

20cmandawidthof1.5–2cm.Thevolatileoils,whicharethemedicinallyactivecomponentsandare 

alsoincharge ofgivinggingeritsdistinctive flavor andsmell,canbefoundinbetweenone andfour percentof 

the driedrhizome. A dense spikeof flowers, whicharebrightgreenwithpurple ends,is produced.South-

EasternAsiahasalargedistributionofthisplant.TheLiliaceaefamily includesthe 

perennialbulbousplantAllium sativum,whichisusedmedicinally.Numerousmicroorganismsare 

inhibitedby it(BanerjeeandMaulik,2002).Ithaslongbeenrecognizedthatthisplantcontains 

antibacterialproperties.Garlic hasthepotentialtobe a powerfulantidermatophyticagent,as demonstrated 

by (Venugopal&Venugopalin1995).Microorganismswithahighlevelofantibiotic 

resistancecanbetreatedwithgarlic.Staphylococcusspecies aregram-positive, non-motile,spherical 

inshape,andcomeinarangeofsizes.They canbediscoveredontheirown,inpairs,orinrandom groups. 

Colonies areopaque and usuallywhite orcream, however theymayseemyellow ororange.It 

thrivesbetween30and37°C.Staphylococcusaureusisthe mostharmfulspeciesofStaphylococci 

thataffectshumans.Gram-positive,non-motile, facultative anaerobicStaphylococcusaureusmight 

showupalone,inpairs,orinclustersthatresemblegrapes.S.aureuscanenterthetissueby piercing 

theskinandmucousmembranebarriersby traumaticinoculationorsurgery.Afterpenetratingthe 

underlyingtissue, it results in a characteristic localabscess lesion (Coateset al., 2014), and if it enters 

thelymphaticsystem,itmay inducesepticaemia(Hugganetal.,2010).S.aureusisregardedasa 

significantopportunisticpathogenthatcaninfectbothimmunocompetent andimmunocompromised 

individualsandcauseavarietyofinfections,includingfoodpoisoning,boils,septicemia,pustules,soft 

tissueinfections,urinary tractinfections(UTIs),impetigo,osteomyelitis,mastitis,meningitis, 

bronchopneumonia,andwoundinfections(Stevenetal.,2015).A variety ofmulti-drug resistance genesare 

found onplasmidsin Staphylococcusaureusstrains,whichencouragesthe spreadof 

resistanceevenbetweendistinctspecies(Todar,2011).Due totheirpotentialtodevelopresistant 

genes,thesepathogenicbacteriaposesachallengetotheuseofantibioticsintheeffectivetreatmentof 

diseasesincreasing theneedformoreexpensiveantibiotics,sophisticatedmedicalequipment,and 

prolonged hospital staysforpatients, particularlyin developingnations like Nigeria.
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The aimof thestudy istodeterminetheantimicrobialeffectofAllium 

sativum(Garlic)andZingiberofficinale(Ginger)on biofilm formingStaphylococcus aureus and isolated 

from boreholewater. 
 
 

 
Materials andMethods 

Collection ofWaterSamples 

Thestudy wascarriedoutin4differentlocationsinRiversState,Nigeria.Thecoordinatesofthe 

locationsincludes;RiversStateUniversity(4o 47'32”N,6o 58′56”E),Borikiri(4o 52′15.46”N,6o
 

59′55”E) Rumuolumeni(4o  48′13”N, 6o  50’45”E), Elelenwo(4o  50′33”N, 7o  4′41”E. Standard 

procedureswereadoptedinwatersamplecollectionandlaboratory analysisinlinewithrequirement 

specifiedbyWHO.Thecollectedsampleswere placedinicepackcontainer(Sabinoetal.,2014)and 

senttothemicrobiologylaboratory ofthedepartmentofMicrobiology,RiversStateUniversityfor analysis. 
 

IsolationandCharacterizationof Staphylococcusspecies 

Directplatingandserialdilution(10-2)wascarriedoutbeforethesampleswereinoculatedonMannitol 

SaltAgar.Theplateswerespreadevenlyusingsterilebentglassrodandwereincubatedat37ºcfor 

24-48 hours. Afterincubation, plates were observed formicrobialgrowth.Colonies appearyellowish, 

slightlyraisedandsmooth,countsweremadefortherespectiveplatesandcolonieswerecharacterized 

morphologicallyandweresubcultured on freshlyprepared nutrient agar plates. 

Preservation ofIsolates 

Pure culturesofthebacterialisolateswere preservedinbijoubottlescontaining10%freshlyprepared 

glycerol,the bottles werekept frozen in therefrigerator(Missiakasand Schneewind, 2013). 

CharacterizationandIdentificationofBacterialIsolates 

Themorphological and biochemical characteristics of thebacterial isolates weredeterminedusingthe 

methodofCheesbrough(2006).The morphologicalandbiochemicaltestincludes;Gramstaining, motility, 

indole, sugarfermentation, citrate utilization, methyl red, vogeesproskauer test. 

SugarFermentationTest 

Withastraightinoculationneedle,anisolatedcolony oforganismsfromapureculturewasstreaked 

ontothesurface of Triple SugarIron Agar Slant(TSI). The mediumwasfirststabbedthroughthe 

middletothebottomofthetube.Thetube'scapwasleftloose,anditwasincubatedfor18to24hours at 35 to 

37oc. 

Methyl RedTest 

Acolony ofthetestorganismwasaseptically inoculatedintorecently madeMRVPbroth. Eachtest 

tubewasfilledwithfive(5ml)ofMRVPbrothbeforebeingautoclavedat121ocoCfor15minutes.48 Forty 

eight hourswerespentincubatingthebrothafteraloopfulofthetestorganismwasadded.Afterincubation, the 

culturereceived 5drops of methyl redindicator.(Cheesbrough, 2006). 

Citrate UtilizationTest 

Simmonscitrateagarwasmade,putintotesttubes,andautoclaved.Afterbeingangled,thetubeswere 

giventimetocoolandsolidify.By contacting thesurfaceoftheslantwithculturesof18–24hour-old 

organisms,theslantwas infected.For24to48hours,thetubeswere incubatedat37oc.Alkalization- 

relatedblue colourcolor developmentwasnoticedandnoted 

asbeneficial,otherwise,asnegative.(Cheesbrough(2000).

Comment [M5]: How many samples were 
collected in total, whether they were  duplicate or 

triplicate or one sample for each location? 
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BiofilmScreening 

Thetubeapproach wasemployedfordetectionof biofilm.Aloopofinoculumwasincubatedin10 ml 

ofnutrientglucosebrothfor24hours.Thetubescontentwerediscardedandthey weregivenasingle 

washin9mlofphosphatebuffersalinebefore being thrownaway.Eachtubewasrinsedwith10mlof 

crystalvioletandlefttositatroomtemperaturefor30minutesbeforebeing discarded. Afterbeing 

cleanedwithwater, the tubeswere driedatroomtemperature while beingturnedupside down. Clear film 

on the tubewalls and bottom served asabiofilm production indicator(Christensen et al., 1995). 
 

Preparation ofPlant Extracts 

Zingiberofficianle(Ginger)andAllumsativum(Garlic) weredriedandblendedintopowderusing a 

blender.100gofdriedgingerandgarlicpowderwerecombinedwith400 mL ofpuremethanolto create the 

methanolicextract.For 24hours, thecreatedsolutionwaskeptatroom temperature.The mixture was 

agitated once more,filteredthroughWhatmanfilter paper,andthe solventwasthen 

evaporatedoutofthemixture(MoazeniandNazer,2010).Thediscdiffusionmethodwasused to 

conducttheantimicrobialsusceptibility test(CLSI,2007).Filterpaperdisks,madeasdescribedby Ochieand 

Kolhatker(2008)wereimpregnatedwith concentrations ofextracts 
 
 

 

Results 
 

 

Distribution of Staphylococcus aureusamong Study location 

14isolatesofStaphylococcusaureuswere positive forbiofilmproduction.Borikirihadthehighest 

prevalenceoccurrenceof50%,RiversStateUniversity had28.6%,Rumuolumenihad14.2%and Elelenwo 

had 7.1%. Theresultis shown in Fig. 1. 

 
Range ofzones oninhibitionof plant extracts 
TheresultsofmethanolgingerextractsonbiofilmformingStaphylococcusaureusasrevealedinTable 
1showsthatat100mg/ml,Borikirirangedfrom9-19mm,RiversStateUniversityrangedfrom15- 

17mm, Rumuolumeni rangedfrom0-16mm andElelenwo had 17mm.At50mg/ml, Borikiri ranged 

from8-18mm,RiversStateUniversity rangedfrom12-14mm,Rumuolumenirangedfrom0-

15mmandElelenwo had14mm.At25mg/ml,Borikirirangedfrom0-13mm,RiversStateUniversity ranged 

10-13mm,Rumuolumeniranged from0-14mmandElelenwo had 13mm.At 12.5mg/mlBorikiri 

rangedfrom0-11mm,RiversStateUniversityrangedfrom8-11mm,Rumuolumenirangedfrom0- 

11mmandElelenwo had11mm. 

TheresultsofmethanolgarlicextractsonbiofilmformingStaphylococcusaureusasrevealedinTable 

2showsthatat100mg/ml,Borikirirangedfrom0-22mm,RiversStateUniversityrangedfrom0- 

20mm,Rumuolumenirangedfrom0-13mmand Elelenwohadnozonesof inhibition.At50mg/ml, 

Borikirirangedfrom0-19mm,RiversStateUniversity rangedfrom0-19mm,Rumuolumeniranged from 0-

11mmandElelenwo had no range. At 25mg/ml,Borikiriranged from 0-17mm,Rivers State 

Universityrangedfrom 0-17mm,Rumuolumenirangedfrom 0-11mmandElelenwohad norange.At 

12.5mg/mlBorikiriandRiversStateUniversityrangedfrom0-16mm,Rumuolumenirangedfrom0- 

8mmwhile Elelenwo had no range.
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Table 1.Rangeandmeans ofzones ofinhibition(mm)of different concentrationof methanol 

ginger extracton biofilmformingStaphylococcus aureusisolated fromdifferent borehole 

locations 

 
Locations 100mg/ml 50mg/ml 25mg/ml 12.5mg/ml Gentamicin 

(10µg/ml) 

Borikiri 9-19(13.4) 8-18(11.7) 0-13 (9.7) 0-11 (8.3) 20-23 (28) 

Rivers State 

University 

 

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 Rangeandmeans ofzones ofinhibition (mm) of different concentrationof methanol 

garlic extractonbiofilmformingStaphylococcus aureusisolated fromdifferent 

borehole locations 
 
 

Locations          100mg/ml           50mg/ml           25mg/ml             12.5mg/ml        Gentamicin 

(10µg/ml)   
 

Borikiri 0-20(13.7) 0-19 (13) 0-17 (11.7) 0-16 (10.9) 20-23 (28) 

Rivers State 

University 

 

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 1.PrevalenceofbiofilmformingStaphylococcus aureusin different locations
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Fig 2.Means ofdifferentConcentrations ofMethanolicgarlic, ginger extracts and 

gentamicinas Control respectively using DiscDiffusionMethod 

 

 
 
 
 
 
 

Discussion 

 
Biofilms arebacterial aggregatesattached to various biotic and abiotic surfaceswhich can interact with 

each otherand adapt themselves to environmentalstressors (Mahapatraet al., 2006). According to 

previous studies (byCostertonet al., (2000), biofilmstend to become moreresistant to antibiotics and 

disinfectants therebybecome areservoirforspread of pathogenic organisms.Borikiri had the highest 

number of prevalenceof biofilm formingStaphylococcus aureuswhileElelenwo had the lowest.Out 

of23 isolates of Staphylococcus aureus, 14 isolates werepositiveforbiofilm production, 

5 isolates that produced biofilmhad gammahemolysis, 8 isolates had betahemolysisand 1 isolate 
 

hadalpha hemolysis. Hemolysistest indicates that thesemicroorganisms arecapable oflysingthe red 

blood cells which is harmful to human. Hemolysisrefers to the disruption of erythrocytemembranes 

that causes the releaseofhemoglobin whichcould resultin decreaseoferythrocytelifespan (Harwoodet 

al., 2005; Franco, 2009). For metahnolicgarlic extract at 100mg/ml Rivers state universityhad 

thehighest mean while Elelenwohad no value, for methanol gingerextract at 

100mg/ml Elelenwo hadthe highest mean while Rumuolumeni had the lowest, forMethanolgarlic 

extract at 50mg/mlBorikiri had the highest meanwhile Elelenwo had no value, for methanol ginger 

extract at 50mg/ml Elelenwo had the highest mean while Rumuolumeni had thelowest,  for 

Methanol garlic extract at 25mg/ml Borikiri had thehighest mean while Elenwo had no value, for 

methanol ginger extract at 25mg/ml Elelenwo hadthe highest mean while Rumuolumeni had the
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lowest, formethanolgarlic extract at 12.5mg/ml Borikiri had the highest mean while Elelenwo had 

no value, for methanol ginger extract at 12.5mg/ml Elelenwohad the highest mean while 

Rumuolumeni had the lowest. Rivers StateUniversityhad the highest meanvalue forgentamicin 

(Control) whileRumuolumeni had the lowest mean value. Methanolgarlicextract at 100mg/ml had 

the highest rangeof zoneof inhibitionat Borikiri when compared to methanol gingerextract while 

methanol garlic extract at100mg/ml had no rangeat Elelenwo whencompared to methanolginger 

extract. 

 

ConclusionandRecommendation 

 
Thediscoveryof Staphylococcus aureus in borehole watersuggested that food poisoningis a likely 

result, which is a significant reason for publichealth action.Poor sanitation practices, such as refuse 

dump site, septicsystemand human activities closeto theseboreholes, areasurepollution 

contributingfactor.Biofilmproducer organisms causenosocomial and recurrent infections. ,to To 

overcomechronicand recurrent infections, it is important to detect biofilms of microorganisms.The 

safetyof borehole watersis an important and timelyissue, especiallyas regards to publichealth 

sustainablewatermanagement. Surveillancesystems should be increasedfor assessingrisk factorsof 

diseases and to providestrategies to prevent and protect public health. Proper purification and 

treatment of domesticwatersources in thestudyareashould beensured beforebeingused, 

.methanolicMethanolicginger andgarlic extracts can beusedas apotential anti-biofilm agent in 

boreholewater. Comment [M6]: Can garlic and ginger replace 

antibiotics, secondly whether their  applications are 
feasible  at commercial scale.  
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