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บทคัดย่อ

 คอนเดนส์แทนนินมีฤทธิ์ต้านเชื้อแบคทีเรีย และถูกนำมาใช้มากขึ้นในการเพาะเลี้ยงปลานิล

อย่างไรก็ตามข้อมูลเกี่ยวกับฤทธิ์ของคอนเดนส์แทนนินในการต้านเชื้อแบคทีเรียก่อโรคของสัตว์น้ำยังมี

ค่อนข้างจำกัด การศึกษาครั้งนี้ต้องการประเมินประสิทธิภาพของคอนเดนส์แทนนินในการต้านเชื้อ

แบคทีเรียก่อโรคของสัตว์น้ำโดยการทดสอบmicroplatebrothdilutiontestและagardiffusiontest

เพื่อวัดminimal inhibitoryconcentration(MIC)และminimalbactericidalconcentration(MBC)
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ตามลำดับ เชื้อแบคทีเรียก่อโรคของสัตว์น้ำที่ใช้ศึกษาในครั้งนี้ได้แก่ Aeromonas hydrophila,

Streptococcus agalactiae,Edwardsiella tarda,Flavobacteriumcolumnare,Vibrio harveyi,V. 

parahaemolyticusและV. choleraeผลการศึกษาพบว่าค่าMICและMBCของคอนเดนส์แทนนินใน

การต้านเชื้อแบคทีเรียก่อโรคของสัตว์น้ำในการศึกษาครั้งนี้อยู่ในช่วง200 – 2000พีพีเอ็ม และ400 –

2000พีพีเอ็มตามลำดับโดยคอนเดนส์แทนนินมีค่าMIC(200-400พีพีเอ็ม)และMBC(400-600พีพี

เอ็ม)ต่อเชื้อStrep.agalactiaeต่ำที่สุดและมีค่าMIC(1800-2000พีพีเอ็ม)และMBC(1800-2000

พีพีเอ็ม)ต่อเชื้อV.harveyiสูงที่สุด

คำสำคัญ: ฤทธิ์ต้านเชื้อแบคทีเรียคอนเดนส์แทนนินminimalbactericidalconcentration,minimal

inhibitoryconcentration

ABSTRACT

 Condensed tannin has antimicrobial

activities, and has been increasingly used

by Nile tilapia producers. However, data

concerningitseffectsonantimicrobialactivities

againstpathogenicbacteriaofaquaticanimals

islimited.Therefore,theefficacyofcondensed

tanninonin vitroantibacterialactivitiesagainst

pathogenicbacteriaofaquaticanimalswas

determinedbymicroplatebrothdilutiontest,

agar diffusion test for minimal inhibitory

concentration(MIC)andminimalbactericidal

concentration(MBC),respectively.Pathogenic

bacteria, includingAeromonas hydrophila,

Streptococcus agalactiae,Edwardsiella tarda,

Flavobacterium columnare,Vibrio harveyi,V. 

parahaemolyticusandV. cholerae,wereused.

ResultsindicatedthattherangesofMICand

MBCofcondensedtanninagainstallstudied

pathogenicbacteriawere200-2,000and400-

2000ppm, respectively.Condensed tannin

hadthelowestMIC(200-400ppm)andMBC

(400-600ppm)againstStrep.agalactiae and

had thehighestMIC (1800-2000ppm)and

MBC(1800-2000ppm)againstV.harveyi 

Key words:antibacterialactivity,condensed

tannin,minimal bactericidal concentration,

minimalinhibitoryconcentration

INTRODUCTION

 Aquaculture plays a significant role

in Thai economy, andThailandhasbeena

leading exporting country of aquacultural

products.Recently,aquaculturalproduction

system iswell-developed into an intensive

agricultureorcultivation,whichcouldmanage

thelimitedfarmresourcestooptimizetheyields.

Proficiencyofanintensivecultivationdepends

on good farmmanagement, particularly

feedand feedingmanagement, broodstock

management,healthmanagement,waterand

environmentalmanagement, and prudent

use of drugs and chemicals. Failures or

mismanagement in an intensive cultivation
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maycriticallyinducestress,whichwillaffect

thehealthofculturedaquaticanimals(Barton

and Iwama, 1991). These stressedaquatic

animals will have a decreased immune

response,andwillbevulnerabletoinfectionby

pathogenicandopportunisticbacteria(Naylor

andBurke,2005)

 Antibiotics are natural or synthetic

substancesthatcouldinhibitorkillbacteria.

In order to reduce the production losses

duetobacterial infection,theantibioticsare

usedfordiseasepreventionandtherapeutic

purposes. As the aquacultural production

increasesfollowingthegreatdemandfromthe

increasingworldhumanpopulation,antibiotics

used for prevention, control and treatment

of bacterial infections are alsodramatically

increasing in aquatic animal farming.As a

consequence,residuesofantibioticsinaquatic

animalproducts,antibioticscontaminationin

the environment, and antibiotics-resistant

bacteria are the keyproblematic concerns.

Severalstudiesreportedantibiotics-resistant

bacteria contaminated in the environment

of aquaculture industry (Aarestrup, 2000;

Alderman andHastings 1998; Furushita et 

al., 2005;Mirandaet al., 2003;Petersenet 

al., 2002; Samuelsen et al., 1992; Schmidt

et al., 2000; Tendencia and Pena, 2001;

Wegeneret al.,1999).Inaddition,antibiotic-

resistant genes have been transferred to

thecommonly foundenvironmentalbacteria

(Miranda and Zemelman, 2002; Petersen

andDalsgaard, 2003). Kerryet al. (1996)

culturedbacteria from theaquaculturearea

and reported that two species of gram-

negativebacteria,Plesiomonas shigelloides

andAeromonas hydrophila,wereresistantto

tetracycline,oxytetracycline,chloramphenicol,

ampicillin and nitrofuran. Furthermore, Le

andMunekage (2004) reported that the

residuesofantibiotics,includingtrimethoprim,

sulfamethoxazole, norfloxacin and oxolinic

acid, arecontaminated in thewater nearby

theaquaculturefarms.Joneset al.(2004)also

reportedsomeantibioticresiduesinwaterflea

andatremia.

 Duetotheantibioticresiduesproblems,

researcheshavebeenfocusedonalternative

agents used for inhibiting or killing the

bacteria.Naturalcrudeextractsfromplants,

phenoliccompounds,havelongbeenstudied

fortheirantibacterialproperties.Thephenolic

compounds,suchasrobientic,myricetinand

epigallocatechin,couldinhibitDNAsynthesis

ofProteus vulgaris andRNA synthesis of

Staphylococcus aureus (Moriet al., 1987).

Catechin is abundantly found in green

tea, which could inhibit growth of gram-

positive bacteriamore than gram-negative

bacteria (Ikigai et al., 1993). Apart from

antibacterial activity, phenolic compounds

alsohaveantiviralandantifungalproperties.

For example, propolis, which is found in

honey,couldinhibitgrowthofdermatophytes

andCandida spp. (Cafarchiaet al., 1999).
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Quercetin,morin, rutin, dihydroquercetin,

dihydrofisetin, leucocyanidin, pelargonidin

chlorideaswellascatechinpossessantiviral

properties against herpes simplex virus

(HSV), respiratorysyncytialvirus,poliovirus,

andSindbis virus (Middletonet al., 1993).

Phenolic compounds also have antioxidant

activities,whichcouldenhancecellmembrane

integrity and immune responses (Facinoet 

al,.1999;Hertoget al.,1993;Alonsoet al.,

2007).Aspreviouslymentioned, failures or

mismanagement in an intensive cultivation

may induce aquatic animals vulnerable to

infection by pathogenic and opportunistic

bacteria, includingAeromonas hydrophila, 

Flavobacterium spp.,Edwardsiella tarda, 

Sterptococcus agalactiae, Vibrio harveyi and 

V. parahaemolyticus.Itcouldbehypothesized

thatapplicationofphenoliccompounds,such

ascondensedtanninsupplementedinthediet,

couldinhibitthegrowthofbacteriainaquatic

animals.

 In this study, the objectives were,

f irstly to determine condensed tannin

properties, including solubility and heat

stability on in vitro antibacterial activities

againstE. coli (ATCC25922)andS. aureus

(ATCC25923),andsecondlytodetermine in 

vitroantibacterialactivitiesofcondensedtannin

againstaquaticpathogenicbacteria,including

A. hydrophila,Strep. agalactiae,E. tarda,F. 

columnare,V. harveyi,V. parahaemolyticus

andV. cholerae.

MATERIALS AND METHODS

Condensed tannin properties on in vitro 

antibacterial activities 

Solubility of condensed tannin

 Solubility of condensed tanninwith 3

different solvents, including sterile water,

acetone (30%) (Sripad et al., 1982) and

dimethylsulfoxide(DMSO)wasevaluated.All

solvents were used to dissolve the stock

solution of 6000ppmof condensed tannin,

whichwas thenprepared anddilutedwith

phosphatebuffersolution(PBS)totheserial

workingsolutionsof4000,3600,3200,2800,

2400, 2000, 1600, 1200, 800, 400and200

ppm.Alldilutionsweretestedforantibacterial

activities against the reference strains ofE. 

coli (ATCC25922)andS. aureus(ATCC25923).

ThesetwostrainsweremultipliedinMueller-

Hintonbroth(MHB)at28°Cfor12h;thereafter

the brothswere adjusted to 0.5Mcfarland

standard, and were diluted to the final

concentrationof106cfu/ml.Thesebacterial

solutionswere used to determineminimal

inhibitory concentration (MIC) andminimal

bactericidal concentration (MBC) of each

dilutionofcondensedtannin.Foreachdilution

ofcondensedtannin,9repeatedwellswere

conducted.

Heat stability of condensed tannin 

 Condensed tannin was heated in

the heat block for 5min with 3 different
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temperatures; 50°C, 100°C and 150°C.

Thereafter, the heated condensed tannin

dissolvedwith 30%acetone,wasprepared

toserialdilutionsfrom200–6000ppm,and

wasusedtodetermineMICandMBCusingthe

sameprocedureasdescribedpreviously.

In vitro antibacterial activities of condensed 

tannin against aquatic bacteria

Preparation of condensed tannin solution

Condensed tanninwasdissolvedwith 30%

acetone toprepare for thestocksolutionof

6000 ppm. The stock solutionwas diluted

withphosphatebuffer solution (PBS) to the

serialworkingsolutionsof4000,3600,3200,

2800,2400,2000,1600,1200,800,400and

200ppm.

Antibacterial activities determination

 Minimuminhibitoryconcentrationwas

measuredbymicroplate broth dilution test

(CLSI,2011).Bacteriawerepreparedtothe

concentrationof106cfu/ml,andcondensed

tannin was prepared to serial dilutions of

0,400,800,1200,1600,2000,2400,2800,

3200,3600,4000and6000ppm.A96-well

microplatewasusedinthistest. Ingeneral,

100 µl of bacteria solution was added to

thewells and 100 µl of serial dilutions of

condensed tannin was added. Therefore,

the finaldilutionsof eachwellwere0, 200,

400, 600, 800, 1000, 1200, 1400, 1600,

1800,2000and3000ppm,respectively.The

testedmicroplate was incubated at 28°C

for 12 h; thereafter, 50 µl of resazurinwas

added.Resazurinwasusedasan indicator

of bacterial growth by observing the color

change;blue indicatednobacterial growth

whereasred-pinkindicatedbacterialgrowth.

Thelowestconcentrationofcondensedtannin

atwhichthewellappearedbluewasrecorded

asMIC. Agar diffusion test was used to

determineminimumbactericidalconcentration

(MBC),bytaking100µlofmixedsolutionin

eachwellandspreadingon thebloodagar

forgram-positivebacteria;MacConkyagarfor

gram-negativebacteria; oncytophagaagar

forF. columnare; and on thiosulfate-citrate

bilesaltssucroseagar(TCBS)forVibrio spp.

Allagarplateswereincubated28°Cfor12h.

Thelowestconcentrationofcondensedtannin

atwhichthebacteriadidnotgrowontheagar

platewasrecordedasMBC.Foreachdilution

ofcondensedtannin,16repeatedwellswere

conducted.

Bacteria sources 

 Pathogenicandopportunisticbacteria

of aquatic animals were collected from

AquaticDiagnosticUnit,FacultyofVeterinary

Medicine,KasetsartUniversity.Intotal,seven

species, includingA. hydrophila,E. tarda,

F. columnare,V. cholerae,V. harveyi,V. 

parahaemolyticusandStrep. agalactiaewere

used.
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Bacterial culture, isolation, identification

 Thecollected sampleswerecultured

andisolatedonbloodagar,MacConkeyagar,

cytophagaagar andTCBSagar according

to different bacteria. Identification of these

studied bacteria was performed using

biochemicalcharacteristicstest.Bacteriawere

keptforfurtheruseonMueller-Hintonagarat

28°C,exceptVibriospp.werekeptonMueller-

Hintonagarsupplementedwith2%NaCl.

Working bacterial solution

 Sevenbacterialstrainsweremultiplied

inMueller-Hintonbroth(MHB)at28°Cfor12

h;thereafterthebrothswereadjustedto0.5

Mcfarlandstandard,andweredilutedtothe

final concentration of 106 cfu/ml. ForVibrio

spp.,2%NaClwasaddedintothebrothduring

preparation.

Statistical analysis

 Antibacterial activities of condensed

tanninexpressedasMICandMBCagainst7

pathogenicbacteriaofaquaticanimalswere

reportedusingdescriptivestatistics. 

RESULTS

 TheMICandMBCofcondensedtannin

dissolvedinsterilewater,30%acetone,and

DMSOE.coli andS.aureus arepresented

inTable1.ForthestandardstrainofE. coli,

theMICandMBCofcondensedtanninwere

greaterthan3000ppmforall3solvents.Forthe

standardstrainofS.aureus,theMICranged

from800to1200ppm,andtheMBCwere3000

ppm. Itwasobvious thatcondensed tannin

dissolvedwithDMSOhadslightlyhigherMIC

forS.aureus thanthatdissolvedwithsterile

waterandacetone.

 TheMICandMBCofcondensedtannin

thatwasunheated;andheatedat50°C,100°C

and150°CagainstE.coli andS.aureusare

presentedinTable2.Forthestandardstrainof

E. coli,theMICandMBCofcondensedtannin

weregreaterthan3000ppmforunheatedand

Table 1 Comparisonofminimum inhibitory concentration (MIC) andminimumbactericidal

concentration (MBC) of condensed tannin thatweredissolvedwith sterilewater,

30%acetoneanddimethylsulfoxide(DMSO)againstE.coli andS.aureus.

Bacteria

(106cfu/ml)

Solvents

Sterilewater 30%Acetone DMSO

MIC MBC MIC MBC MIC MBC

E. coli (n=9) >3000 >3000 >3000 >3000 >3000 >3000

S. aureus (n=9) 800-1000 3000 800-1000 3000 800-1200 3000
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heatedconditions.ForthestandardstrainofS.

aureus,theMICrangedfrom600to1200ppm

and theMBCwere 3000ppm.Condensed

tanninheatedat150°ChadhigherMICforS.

aureusthanthatunheated,andheatedat50°C

and100°C.

 EfficacyofIn vitro antibacterialactivities

of condensed tannin against 7 aquatic

bacteria is demonstrated in Table 3. The

MICofcondensed tanninagainst7aquatic

bacteriarangedfrom200to1200ppm,and

theMBCrangedfrom400to2000ppm.The

lowestMIC andMBCof condensed tannin

were forStrep. agalactiae, and thehighest

MICandMBCwereforV. haveyi.

DISCUSSION

 According to the solubility, acetone

was practically an appropriate solvent for

dissolving condensed tannin.Acetone also

did not impair the antibacterial activities of

Table 2 Comparisonofminimum inhibitory concentration (MIC) andminimumbactericidal

concentration(MBC)ofcondensedtanninthatwasunheated,andheatedat50°C,

100°Cand150°CagainstE.coliandS.aureus.

Bacteria

(106cfu/ml)

Heatingtemperature

Un-heated 50°C 100°C 150°C

MIC MBC MIC MBC MIC MBC MIC MBC

E. coli(n=9) >3000 >3000 >3000 >3000 >3000 >3000 >3000 >3000

S. aureus(n=9) 600-1000 3000 800-1000 3000 600-1000 3000 800-1200 3000

Table 3 Minimum inhibitory concentration (MIC) andminimumbactericidal concentration

(MBC)ofcondensedtanninagainst7aquaticbacteria.

Bacteria

(106cfu/ml)

Condensedtannin

MIC(ppm) MBC(ppm)

Strep. agalactiae (n=16) 200-400 400-600
A. hydrophila (n=16) 1000-1200 1000-1200
E. tarda (n=16) 800-1000 800-1200
F. columnare (n=16) 800-1000 800-1200
V. haveyi (n=16) 1800-2000 1800-2000
V. parahaemolyticus (n=16) 800-1200 1000-1200
V. cholerae  (n=16) 800-1000 800-1200
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dissolvedcondensedtannin.DuetotheMIC

andMBCofcondensedtanninforthestandard

E.coli,whichweregreaterthanthoseforthe

standardS.aureus, it was suggested that

gram-negative bacteria required a higher

concentration of condensed tannin for their

inhibition. In this study, theMIC andMBC

ofcondensedtanninforE.colicouldnotbe

determined,becausethefinaldilutioninthe

testedwellwas3000ppm.In literature, it is

reportedthatgram-negativebacteriarequired

greaterMICandMBCoffluoroquinolonefor

their inhibition (Duggiralaet al., 2007). As

comparedtoantibioticssuchasamoxicillin,

theMICandMBCwere4ppmand0.5ppmfor

E. coliandS. aureus,respectively(Andrews,

2001). Therefore, application of condensed

tannin for itsantibacterialactivities required

a larger dose as compared to antibiotics.

However, condensed tannin caused less

residual effects and less environmental

contamination.

 Exposure of condensed tannin to

high temperature could reduce its efficacy

on antibacterial activities. In this study,

heating condense tannin upto 150°C for 5

min significantly decreased antibacterial

properties.Ithasbeenreportedthatphenolic

compounds extracted at 80 - 145°C had

reducedtheirfunctionalproperties(Vergara-

Salinaset al.,2012;Monicaet al.,2009).

 ResultsofMICandMBCofcondensed

tannin against 7bacteria species indicated

that condensed tanninhadagoodefficacy

to inhibit growth of pathogenic bacteria in

aquaculture.However,theefficacywouldvary

onthesolventsthatcouldeffectivelydissolve

condensed tannin.Moreover,environmental

factors suchas temperatureandacid-base

balance could also impair the antibacterial

activities of condensed tannin. Therefore,

applicationofcondensedtannininaquaculture

to control or prevention of bacteria should

takeintoaccounttheappropriatedosagefor

antibacterial activities, dissolving solvents

for feed or water supplementation, and

temperature storage and usage. The use

ofcondensed tanninwasexpected tohave

an advantage not only to control bacterial

infection,butalsoitcouldreducetheuseof

antibioticsthatwouldincreaseadverseeffects

onconsumer’shealthaswellasenvironmental

health (Taguriet al., 2004; Smullenet al.,

2007)

 In conclusion, condensed tannin

was confirmed its antibacterial activities

against aquaticbacteria. It couldbeeasily

dissolvedinacetone,andpracticallystableat

temperaturelessthan100°C.ThoughtheMIC

andMBCofcondensedtanninwererelatively

higher than thoseof antibiotics, condensed

tannin extracted from natural plants was

considered its high safety for aquaculture

system.Condense tanninwould therefore

be an alternative substance to control and

preventionofbacterialinfection.
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