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9 Microdilution broth method



1401 )Le..t ¢2 QJL».\: 513 092

oo S f o&sls EY] LUy

pdes [in s b g sols sl 27 5 Lo e oLd
S 6 S L (8 ) wsl e b g LSS
e Ay S B 5l (68 Wb Dl slads )
KM1, KM5, KH9, KM5, 5515 oL s 5 L
S o Ay sy a3l sl & o 5 PHI8
Slm s i Lol s (b g 1S5 Ul 5 dils
a by oledbl s Ol gda slaasilas
S 3 e gl 0l gl ol
03,515 Jsdor 53 e Aol gy Jy sosebse Obej

L] 0l

154

A-MIC, 2-) Jyos Cilisies sLachile i S5
Lol bSals 4 (MIC, MIC, 1/2-MIC, 1/4-MIC
b s slge 3 4SO s el 24 Ce s oy
5 s s s Jli S 5l S05 b e S0
1 s wloly ol sbajbrla fals o)

T18] i acnles

Laosls Julowi g 4 350

g) SPSS 24 )‘H‘ff )\ oslaial Lv laosls JA;J} 4 e
gl 53 5 oSSl (slaselstir 0031 b e Sl anlie
S Lalsped e 5 shitens el Ao 55 95 Jlazs|
A oslial 2019 st sl 5

IS5 Ol w2 5 2 SL gl g5l
sl |t glaad il adyl o S 5 sslula
PRGN JUgriEs 11L;>r-1=—- LS Shsy A kb
Cline wbic sy Olasiie glls gla gy IS
(o Sl 5 il ol 3 55 sl S2)
CiS dbad sl ole Rl shea as g5lulie
Sdny oS pla IS 5 ad ol ST 51 g
5y 5l QBT e Bse  Jigte iS i
Wisls Ol s 5l b Lk, eldcsu; gl S
O e Ldd 4 S ki s alls S Olsew
5 IS oKl 53 a3 Hsabse g e
bl all o353 St s 82 eaen
Sl eslial Ly Ll al gy ok gy LS55 U5 5
A i Tissue culture plate method (TCP)
82 ¢ gozes 51 S 3ls 0L a5l 5 S8 5l Jool> s

Ghls ads5l 18 (o3 Wi o hls W50 37 5!

11 Spread plate



s B U155 Sy g5 csulo phised adlan plul y Lyl adsl s S 2 4 Jgr

&l:.ﬂ,o- Sl a&ﬁ‘
—ixd b s S5 T
14 11 19 14 15 15 26°4149" N s
55°54'46"E
13 7 18 9 16 13 2r°1010°N e
56°1553"E s

e slad g5l sddanllas L;LMK.‘.’...;J_;J.’.; & (e ook s by Sk 5 s 5 Jya=

Sk st Ges Fu oo Fo osab b Obe) ke oKy Ayl as
e 3-2 o sss 1 A Sy PH1
e 3-2 e ST s KH9
732 o 5ol Sy PH18
e 3-2 g Sas 1 s KM1
32 PRI 5T Slas KM5

PN plels

o aJ‘J ‘_)L..Z.' 2 Jg...i DL PCR dj...a:u @L:J S Y (abu\ 168 rRNA JHJS )‘ oJLiI..»‘ lea;:)jﬁ LSL“‘UJ_)%.‘ gflL"“L"":’
Al e [RSTy 05 paie skiasolid (3L i 1000 ankes iS5 o

1500 bp

d"‘)b @L:— 6\.65%? BL) )Jd.b‘,ﬁ 6\&& J‘ e.Lfa‘J? 6\.&4.‘_9ﬁ| 16S rRNA o5 }_-‘:-(5 J‘ JJ\? PCR J}-AN U:"-L“ 2 JS..:’:
(PH18 15 KM1 4 KMS5 :3 KH 12 PHL 11) ds s 15 3,81 05 » (M) JsUge 5 5ke ol jon 4

155



1401 JLG'.‘ ¢2 QJL»...::A 513 092

oo S f o&sls EY] LUy

KMS5 5 KM1 ¢Laads !l s Pseudoaalteromonas
bype 55 Sl s edd il pw mws ojlad L Lisls LS

C,-w‘ ol wﬂﬁGJJJ})JJ;J\ﬁ&LﬁdJﬁ‘M

oLSSL L3 s em aslis 5 ol JIps plasil L

Kangiella L «lis 1o, 97/35 PH1 45521 NCBI
—s 5« PH18 s KH9 L s« 50 spongicola
-,599/49 ,99/45

.l :44.1 A

(=

le.bg.'ai J" o.\..’éd}\m‘.\:: gﬁ.\i‘)" vlé” e.l.'\.&:‘},'.iz 6\.&43}}1‘ NCBI W o) OJLQ-\:I ‘55%.5}0.% Qlﬁs}’: 6 J}J’:

ob s

NCBI w;—.dé OJLQ.:)

S g 9SSl FHRPSNLY s,
MZ461010 Kangiella spongicola PH1 1
MZ461012 Pseudoaalteromonas sp. KH9 2
MZ461011 Pseudoaalteromonas sp. PH18 3
MZ461008 Vibrio sp. KM1 4
MZ461009 Vibrio sp. KM5 5

10 £ 0/57 s 13 U ol op 28 5 PHI
ead gl A etal e KMB gl 5o e s
Ot glal gla e la bl 1 aS sls oL
PH18 (sladsnl 15 dsed oles ol o (s ololins

(p> 0/05) 5,16 55 5 KHO

Sz HLS Jgs @ G SL AL Fl e
3 b e e 2 Sl ol B
O] 0 enls OLES 7 dj.b— BE odiaxlllas L;LAAJJJ.:‘
a C,.:_..«:Lm:- u'ljz—‘:":" se.\_.j:([.?é‘ ‘_QUMML.L‘: Jalﬁ:‘f'
ozl Jolie 55 e Lo 18 £ 0/57 dla L3 U Jpes

rJ_.ﬁ QL.‘.ig d’f'gﬁ’-"ﬁ): H?}:" o&h:w 6&43‘9}.3" J{‘jﬁ).} ‘JN)L.GA s_9|j>u|i..\.~‘ij rJ& AJLGJ.E.;U,‘K:L_A 7 d}b

a3 e DL 5513 09051 bl 1) gt p sla il o lsbins M| GLSs b Sy o 5 lsline BN

Ayl

(43 0/1) J gos
PH1S 14£0/57°¢
KM1 15/5 + 0/28 ©
KH9 14 +0/50°
KM5 10+ 0/57 ¢
PHI 18 +£0/57°

156



LK 5 il

v 2bos glagg SU sl = pluls 5 sl

Jelie 55 Jsas ool o S5 SCa 62/5 531725
4S 5ls DL rtoes il ol Cews 4 PHL 50
PHIB ladspl 4 by e Jsadd 4 Comilo %08
5125 MBC ;MIC jlu_i L KM5 ; KH9

Al 0 250 1) e 55,8

Sais chls Plas 5 S50 ekl filas
clble JEU_';- L_Q_)—:f“)u-" “ .]oj.’f @Lﬁ;g d)J}- BE)
@l_l' Jul.w\f RGO I WA J-;J”LQ_' ;,oﬁ.w L;L“‘d)ﬁ,‘
J_\:J) oS E) a.la.‘)‘))'l.! C,_hl& wJ_ZQS MJWTCA-«JJM.

Cbl s g (eaS S Sl o i)

odins JoSKi5 gad 5l bolis 53 Jges (MBC) (Suiis clile Plus 5 (MIC) Fuijlasl cdale Pla> . Kle 8 g

b3 ohd e
! MIC (ug/ml) MBC (pg/ml)
PHIS 125 250
KM1 62/5 125
KHO 125 250
KM5 125 250
PH1 31/25 62/5
e o oo 0 (lale 2150 T e ls sed o st S5 lee 5 30

Ol pes cale 201531 L aS g sbas e,ls ool s sl
e C Lo 3 Jsags S oo 1y SRl 58 s Jlee
O 1y b s Sles Ol (2t A3 97 L MIC
e o ymaS & VA-MIC clale 55 Ol e ol oS sl
sl U S S osba des (12,5 59) 55
ok g Ll lgs Ol e o (lsbime LoDl (Laosls

(p< 0.05) sls olas il slaclale s

157

PH18 5l sl 6 S8 5l Jool> mli 0 ax 55 L
2 AL pUlS csme glaadsnl b a ool
syaean asslsl s (ool sl Ol (b oSS
e 5 s 1S Slee  Jped S
sl o) 3 el S kb g Sl g 25 2 G
4-MIC, slacbls ;5 Jsas solge ouds s eslin]
«S Al s, 2-MIC, MIC, 1/2-MIC, 1/4-MIC

S as s boles .ol el 63,513 K2 5o _'ﬂ@u



S &Ks0s 6)'5\.'.5

o
et

oo

120
100
8
6
4
20

€ s FepY (cCom)

1401 )Le g2 OJW 513 092

2MIC MIC 0/5 MIC 0/25 MIC

4 MIC

) O o S pKile o Jlobine M OLS 8 g > PH18 W53 s S5 e 2 d

3 JS":‘)‘-’}“;

G

&

4o g

&

2 5% g B0

sl oy

e J"i“&“‘.;"'ufj

.Ljdgﬁ.ijr.l.:éﬁw);

sdalin HSde glac ble s (g sl LD

ﬁﬂkﬁ_ﬂa

olsl s 5l as s

5U J.mﬁl;' A:JLE.A BL)

B

5

J

Sl
s A s i PHIB e 5 1S5

ERNE

iy

-

1/4-MIC cbLake 4S5 sls olis N N 03 g e

24

Cew

4-MIC, laclkle ;5 Jses a5 sl QLS ol

o

S Ol o3 24 1 Y

s

)
)

=

@

2-MIC, MIC

5 A

o

22 sl

52 56 .

51

Sl

>)|'XJL5_‘&'L~:3

70

0.25 MIC

0/5 MIC

9~ .PH18 d}ﬁ‘ o.LiJ,g.fﬁ ('.L_.;”)

2MIC MIC

4 MIC

4 g

o5 g

d

A5

bl

xﬁd}f})bl’.ﬂd)&i&‘f&&\m&d

o

Z

a3 o DL Sls O sa5l bl 1) O 2 Sa eSSl lsbias S

158



LK 5 il

v 2bos glagg SU sl = pluls 5 sl

3 el SU e 551 2003 Jw 55 0L S
sabss laind b Lo s ol JSGS e s
R o SR E U W P S W K W ol s
75 aiandlas 5 SL 20 Ol ;5 a8 ols Ol ash
1,510 Proteobacteria «=Ls 4y 3 laze o ys
4 3dae Ao, 15 5 CFB group bacteria « Gl
[21] w2t . Gram- positive bacteria

Il 5 S Pl s b g o8 tngy
sl 12 sy 1Sas LUl (23 S ol 2018
S s 250 S gy 3 edel ety oL S
Lad sl o3 41 a8 sls 0L mass opl s NGRS
i sl ol 5 aS sl e (g S 4 06
L alobed sl ohd s oS3 Olee roe SLe L s 32!
S Jeol s elal i Sl 165 TRNA 05
Proteobacteria o5, S 55 53 adspl aw ol oL JIs
5 (P.
x5 13 (Koucuria rhizophila) Actinobacteria
[22]

OSas 5 Polilal dl s s sk,
Godmas St oL slags SU s, ~ (2010)
sl 08 S bl 225 Wiy 5l e M b g
ol 3 etdanllas 55016 (L JIy 5l Jols s
055 i 0% e e Sl Ol ) e
High GC Gram- positive bacteria (Firmicutes

celer 5 Psychrobacter  alimentarius)

s CFB group bacteriaGamma-proteobacteria
.[13] .z S 1 3 Enterobacteria

,> Proteobacteria a=Lis slsel ;5 2> 4G
p 16&‘)‘)-1°lj‘ﬁ IR 0 sl sl s
i ol s sl 53 (2019) VoL s

13 Kavitha

14 Raghavan

15 Inbakandan
16 Bragadeewaran
17 Kumaran

159

S S eoms 5 Lo
o pgne el s 2bs glakaos 5o
g e S Ll e 0l 5 0l sk O gl 1S
o [20] s o S b alsl s 5 Wb g LSS
Ul oL s glee S ol el s ol e
ool Shea st ety Gl b ailie o Y5 Las Ll
e Sls e IS ol 51 g ety L alie
S 5 SIS Sllas 03 SIS e ol
3y o geimn Si3 0 Sl TS 50 slady sa
3l dags 8L b sa Wb s JSC25 oSyl w5 L [4]
S Cmilen ol alos S 55 IS 5 4l >l
A oS Ll Sl 250 Y a2
slge gt SET B a3l S o iy plad ) slates,
2 Al S sl S, 5 bt S8
ol s bos Calase 5 Ol 8 s s
LBl 5 b 2 S b me Sua by
b S el 68 5 5 (LS Sl gl e s haes
sla = ol old s sl |S25 sladypl (o
5253 (850 o IS L i) b
bl OB 5epm Ol 53 gdcaty 5 IS oSy
P S CE UV I PR g Lel Ul s
TT il Gladsnl ¢ poma 5l oS sl 0L Lol
o=l S dl e (558 5 gt (L s Gils Ao
Sl i sl b g SIS ) Ladls !
O3 pdslae 5 wlidosn ;) e Shs 2 ol bl
N G5y plolid 5 Ot dopl g ) o
S ol s 3 oLl 165 TRNA O o
s 4 Ghaie ot gl oy oS ols 0L b JIg
5 50 Sldles mls il e Proteobacteria
Slapkd s 5o arld ol glael )i sdasilis

5P 8 sy sdbpldl a5 i Lo

12 Grasland



1401 )Le..t ¢2 QJL».\: 513 092

SR SR ERPPPIC JURNY

S. slaas S lie 5o 535l 5 do SIS oJ s
o OLE SR opl gl s lew typhimurium
Chl Sl el b DLS 5 b 4 Cond Jse S
2 55 dses MIC jliie ol sy 55 5 s 5V (6oles
s il Jea | oS 55 128 =32 ble o3 5dos
Sleen ol a5 sdalsa zElss Lel
J19] 51

53 A claoslas 5 s ulul Swl jlasl <Ll
Sl s Ll e mlbe s 4 Lo ol Lo
glacble s dyas ol ool Seian Sl 3l
L aemslis ;3 MBC 5 MIC 05a31 53 50l Sl
05,5 S Cowl ok 5,158 aal S [Laml O gesl
s S dled s ags AR el S JeeS s
Jgesd 03,50 ds il a3 [24] 51 of s Ses
Sl e &S Sl b glas 05 S g8 s &
sodd Joate 0550 Jalse gLis mhaw gla0 1S
e e S e 1 Ll Sl slac b
oMy st LS 3 (3, 5 ol Dl S
s ol slalis a4 Ll e w45 55l e
5 i Gl b Ll e man Ll ol
26 25] w5 5l 5, bl sl Jls sla SOLES

Sl s il e (s 52U
Loosd o pmime amee dolinl Lol 55 e g S
adom Sl Al oo L 5SL e S 5L cpl 5 eslinl
=l el L27] sl ol s 0l e glss 5
4S) b S5 Jped 3B 550 3 selone,
S 55 sdalin 015 o (sl ol o2ls 0L 3 K5 s
Sub-) MIC | S slachile s sdzdbes! slales
JSi5 alS e (Rt U 4 55 (MIC
4l ol L5 e sl daalllan ad sl s ki y s
g oS 5 glaclals o8l (g5les Sl aiasolis
5 b SL St glals 5L (Sub- MBC)

160

o et e by g e Ol b e slags S
$SL29 0l 3 S wasd gilulas S LG
52 L, Proteobacteria o3l sls slzel cod_dasllas
23] Wy e as s

23 b S ol ok lasl G Olgsas Jses
Lo [9] ol e et 0551 slogs L ) 55l
0555 as das e 0L Sl el s st
sl JSi5 ol slasSL S5 onl b
aalllan o33 LS 53 550l el A2 ot o s
Tt = e eldn Lo 5 8L A Sl iy
aalllan gl s ey e 3l sl sl
=l MBC 5 MIC «Sos ezl o050 3 Lol
b Sl SL A 5 Sl 5s Jses Jsd LG
sl oLl

LS 5y 3 35 e SLa 35S 3505 |
LU 2o Sl SL s milel o fe sls 5
o 533,85 o)Ll (2007) OlKan 5 PLGL iy
e ol e 4 U550l Jsd S 5 el ey
s b slag sL lie 53 G S0s anb S S
M 5 ALl 5L s 1Tl Sl sla s e
J5s) S sls 0L 5 S Jrassy S ldd oo
2o ol eddend b SLS 5 b ol e
S ol sl ol U glald sy JSUS B 5l
Lol 55 Sl dlail SEals 4 jzmie Ll oo algi
18] 55

Cdlad 555 55 ol gl il S Julie s
iS5l e 53 Js—ed s Sl
Escherichia coli Clostridium perfringensa_il.

Salmonella sp. s Listeria innocua . O157:H7

DSan 57 eMn ale s o hnsty 53 505 3
b g A 5 5 SL s s S el 2017 L s

18 Bhattarai
19 Miladi



LK 5 Cilis

v 2bos glagg SU sl = pluls 5 sl

[2] Melo L. F., Bott T. R. (1997) "Biofouling

in water systems", Exp. Therm. Fluid Sci. 14:
375-381.

[3] Thein Z. M.,

Samaranayake L. P. (2007) "In vitro biofilm
formation of Candida albicans and non-
albicans Candida species under dynamic and
anaerobic conditions", Arch. Oral Biol. 52:
761- 767.

[4] Powell M. S., Slater N. K. H. (1983) "The

deposition of bacterial cells from laminar
flows onto solid surfaces”, Biotechnol.
Bioeng. 25: 891-900.

[5] De Carvalho C. C. C. R. (2018) "Marine

biofilms: A successful microbial strategy with
economic implications”, Front. Mar. Sci. 126.

[6] Marshall K. C., Stout R., Mitchell R.

(1971) "Mechanism of the initial events in the
sorption of marine bacteria to surfaces”, J.
Gen. Microbiol, 68: 337-348.

[7] Perez M., Garcia M., Blustein G. (2015)

"Evaluation of low copper content antifouling
paints containing natural phenolic compounds
as bioactive additives”, Mar. Environ. Res.
109: 177-184.

Samaranayake Y. H.,

[8] Bhattarai H. D., Paudel B., Park N. S., Lee

K. S., Shin H. W. (2007) “"Evaluation of
antifouling activity of eight commercially
available organic chemicals against the early
foulers marine bacteria and Ulva spores”, J.
Environ. Biol. 28: 857-863.

[9] Gutierrez-Pacheco M. M.,

Aguilar G. A., Martinez-Tellez M. A., Lizardi-
Mendoza J., Madera-Santana T. J., Bernal-
Mercado A. T., Vazquez-Armenta F. J., Ayala-
Zavala J. F. (2018) "Carvacrol inhibits biofilm
formation and production of extracellular
polymeric  substances of Pectobacterium
carotovorum subsp”, Carotovorum. Food
Control. 89: 210- 218.

Gonzalez-

[10] Pavela R., (2015) “Essential oils for the

development  of  eco-friendly = mosquito

161

Sldllas ol g [14] A2l o (g o Lo s
oo Lol LS 5 5 Lamslal lee SUT 355 0 50
2ols e Lah (b s (6 8 IS o p> 5 sl (S
[29 28]

slac ble oo oS das e 0L s
s 5 Lag SU S o 3L el 5l ediS
21 ASL s St 05355 g 53 L
23 ol S i s s e S (g LSS
55 Dl S Dslane plalS g5l el (od s sl
[30 28] ol Juboe S

Slsltle w25 2 dsed Sl Gl Sk 0
S 213 0L i A ) el oSS eld
Ll a8 Sl sddantle sl e e LU
2 oll chins 3l (L S5 Mg O
sdos Al 5 s Sllas s skiantla slanki s
sy an Oy e |y psbse cal s [31 18]
Cilin = o 53 8 als s P Ve ol 5l
[14] 4 Jos sLisl sl K Olgea Ll

DL ol adllae 3 edaliase mls (IS 5 sba
2 S Bl b S 4 06 Jsed o8 e
T e 5 A3l n 2lss lags S e S
2ol eddant o slapkd s cm 25 1 6 Sedr
L B gl sl il ann s 1 L5 ol ol
S 5 ok Lol ) sbreas s 3 Laoms

s el oL

@l;a
[1] Yebra D. M., Kiil S., Dam-Johansen K.

(2004a) "Antifouling technology—past,
present and future steps towards efficient and
environmentally friendly antifouling coatings",
Prog. Org. Coat. 50: 75-104.

20 Extracellular matrix



1401 )LG‘. ¢2 ejl.m: 513 092

ook L 5 o (55l s

[18] Jadhav, S., Shah, R., Bhave, M., Palombo,

E. A (2013) Inhibitory activity of yarrow
essential oil on Listeria planktonic cells and
biofilms. Food Control. 29 (1), 125-130.

[19] Miladi, H., Mili, D., Slama, R. B., Zouari,

S., Ammar, E., Bakhrouf, A (2016)
Antibiofilm  formation and anti-adhesive
property of three mediterranean essential oils
against a foodborne pathogen Salmonella
strain. Microb. Pathog. 93, 22-31.

[20] Lejars, M., Margaillan, A., Bressy, C

(2012) Fouling release coatings: a nontoxic
alternative to biocidal antifouling
coatings. Chem. Rev. 112 (8), 4347-4390.

[21] Grasland, B., Mitalane, J., Briandet, R.,

Quemener, E., Meylheuc, T., Linossier, I.,
Vallee-Rehel, K., Haras, D (2003) Bacterial
biofilm in seawater: cell surface properties of
early-attached marine bacteria. Biofouling. 19
(5), 307-313.

[22] Kavitha, S., Raghavan, V (2018) Isolation

and characterization of marine biofilm forming
bacteria from a ship’s hull. Front. Biol. 13 (3),
208-214.

[23] Bragadeeswaran, S., Kumaran, S. N

(2019) Genetic diversity among culturable
marine biofilm forming bacteria isolated from
different test panels. Res. J. Biotechnol. 14 (1),
25-33.

[24] Ultee, A., Bennik, MH., Moezelaar, R

(2002) The phenolic hydroxyl group of
carvacrol is essential for action against the
food-borne pathogen Bacillus cereus. Appl.
Environ. Microbiol. 68,1561-1568.

[25] Lambert, RIW., Skandamis, PN., Coote,

PJ., Nychas, GJE (2001) A study of the
minimum inhibitory concentration and mode
of action of oregano essential oil, thymol and
carvacrol. J. Appl. Microbiol. 91, 453-462.

[26] Xu, J., Zhou, F., Ji, BP., Pei, RS., Xu, N

(2008) The antibacterial mechanism of

162

larvicides: a review", Ind. Crops. Prod. 76:
174-87.

[11] Martinez-Hernandez G. B., Amodio M.

L., Colelli G. (2017) "Carvacrol-loaded
chitosan nanoparticles maintain quality of
fresh-cut carrots”, Innov. Food Sci. Emerg.
Technol. 41: 56-63.

[12] Nychas G. J. E., Skandamis P. N., Tassou

C. C. (2000) Antimicrobials from herbs and
spices. In S. Roller (Ed), Natural
antimicrobials for the minimal processing of
foods. Boca Raton FL (USA): CRC Press,
Boca Raton.

[13] Inbakandana D., Sriyutha Murthyc P.,

Venkatesand R., Ajmal Khan S. (2010) "16S
rDNA sequence analysis of culturable marine
biofilm forming bacteria from a ship’s hull",
Biofouling, 26: 893- 899.

[14] Cabarkapa 1., Colovi¢ R., Buragi¢ O.,

Popovi¢ S., Koki¢ B., Milanov D., Pezo L
(2019) "Anti-biofilm activities of essential oils
rich in carvacrol and thymol against
Salmonella enteritidis”, Biofouling, 35(3): 361-
375.

[15] Stepanovi¢ S., Vukovi¢ D., Hola V.,

Bonaventura G. D., Djuki¢ S., Cirkovi¢ .,
Ruzicka F. (2007) "Quantification of biofilm
in microtiter plates: overview of testing
conditions and practical recommendations for
assessment of  biofilm  production by
staphylococci”, Apmis, 115 (8): 891-899.

[16] Kwon K. K., Lee H. S., Jung S. Y., Yim J.

H., Lee J. H., Lee H. K (2002) “Isolation and
identification of  biofilm-forming  marine
bacteria on glass surfaces in Dae-Ho Dike",
Korea. J. Microbiol, 40(4): 260-266.

[17] Ashrafudoulla, M., Mizan, M. F. R., Ha,

A J. W, Park, S. H. Ha, S. D (2020)
Antibacterial and antibiofilm mechanism of
eugenol against antibiotic resistance Vibrio
parahaemolyticus. Food Microbiol. 91,
103500.



LK 5 Cilis

v 2bos glagg SU sl = pluls 5 sl

of Salmonella Typhimurium biofilms from
polystyrene and stainless-steel surfaces by
essential oils and phenolic  constituent
carvacrol. J. Food. Prot. 76, 205-212.

[30] Inamuco, J., Veenendaal, A. K. J., Burt, S.

A., Post, J. A., Tjeerdsma-van Bokhoven, J. L.
M., Haagsman, H. P., Veldhuizen, E. J. A
(2012) Sub-lethal levels of carvacrol reduce
Salmonella Typhimurium motility and invasion

of porcine epithelial cells. Vet. Microbiol.
157(1-2), 200-207.
[31] Szczepanski S., Lipski A (2014)

"Essential oils show specific inhibiting effects
on bacterial biofilm formation", Food. Cont.
36: 224-229.

163

carvacrol and thymol against Escherichia coli.
Lett. Appl. Microbiol. 47, 174-179.

[27] Khezri, M., The effects of biofilm

formation in  bacteria  from  different
perspectives (2019) The effects of biofilm
formation in  bacteria  from  different
perspectives. Nova Biol. Rep. 6 (1), 70-78.

[28] Burt, SA., Ojo-Fakunle, VT., Woertman,

J., Veldhuizen, EJ (2014) The natural
antimicrobial ~ carvacrol inhibits  quorum
sensing in Chromobacterium violaceum and
reduces bacterial biofilm formation at sub-
lethal concentrations. PLoS One. 9 (4): e
93414.

[29] Soni, KA., Oladunjoye, A., Nannapaneni,

R., Schilling, MW., Silva, JL., Mikel, B.,
Bailey, RH (2013) Inhibition and inactivation



Tarbiat Modares Biotechnology-Tarbiat Modares University
University

Isolation and identification some of biofilm-forming
marine bacteria from Persian Gulf waters and evaluation
of antibacterial and anti-biofilm effect of thymol against

them

Fatemeh Sedaghat®, Morteza Yousefzadi*?", Arash Ghaderi?, Fatemeh Shayesteh®

1- Ph.D, Department of Marine Biology, Faculty of Marine Sciences and Technology, University of
Hormozgan, Bandar Abbas, Iran.
2- Professor, Department of Biology, Faculty of Science, University of Qom, Qom, Iran
3- Associate professor, Department of Chemistry, College of Sciences, University of Hormozgan,
Bandar Abbas, Iran.
4- Assistant professor, Department of Fisheries Science, Faculty of Marine Science and Technology,
University of Hormozgan, Bandar Abbas, Iran.

*Corresponding Author: Mortezal110110@gmail.com

Received: 2021/9/4 Accepted: 2021/12/28

Abstract

In a marine environment, the biofilm formed on the submerged surfaces
leads to fouling of larger organisms. This leads to many environmental and
economic problems for the marine industries. Due to the harmful effects of
chemical antifouling, the development of environmentally friendly anti-
biofilm strategies can be an important step to control fouling. Therefore, the
present study was performed with the aim of isolation of biofilm-forming
bacteria from Persian Gulf waters and investigating the antimicrobial effect
of thymol against selected bacteria.82 bacterial were isolated and their
ability to form biofilm was measured. Among these, 5 isolates were selected
and identified using 16S rRNA sequences. The results showed that the 5
selected isolates belonged to the Proteobacteria (genus Vibrio, Kangiella and
Psudoaltromonas). In the study of the antibacterial effect of thymol, K.
spongicola (PH1) showed the highest sensitivity in disk diffusion method
(with a growth inhibition zone diameter of 18 £ 0.57 mm). The minimum
inhibitory concentration and minimum bactericidal concentration (at 31.5
and 62.5 pg /ml, respectively) were obtained against the same bacterium.
The inhibitory thymol on biofilm formation and performed biofilm by
Psudoaltromonas sp. (PH18) showed that thymol at concentrations sub-MIC
is able to inhibit biofilm formation. The effect of thymol on the performed
biofilm at concentrations higher than MIC is noticeable. Based on the
results, due to the anti-biofilm activity of thymol against marine bacteria, its
use as a natural compound in antifouling coatings can be suggested.

Key words: Marine bacterium, Minimum inhibitory concentration, 16S
rRNA gene, Anti- biofilm, Thymol
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