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Antibacterial Effect of Cinnamon (Cinnamomum cassia)
Bark Extract against Fish Pathogenic Bacteria

Jong-Soo MOK*, Ki-Cheol SONG, Nack-Joong CHOI and Ho-Shik YANG*

West Sea Fisheries Research Institute, National Fisheries Research
& Development Institute, Incheon 400-201, Korea
*Gunseo Elementary School, Siheung, Kyounggido 429450, Korea

To develop a natural antibacterial agent for fish bacterial diseases, antibacterial activity, minimum inhibitory concentration (MIC),
minimum bactericidal concentration (MBC) and bactericidal effect of cinnamon bark extract were examined against fish pathogenic
bacteria. The antimicrobial effect of the extract to the fish diet was also estimated. Cinnamon bark extract showed the broad
spectrum of antibacterial activity against fish pathogenic bacteria, especially, it had strong activity against Streptococcus iniae,
Edwardsiella tarda and Listonella anguillarum. Its MIC was 75.8~189.6 ug/mL against Gram positive bacteria, and 75.8~113.8
ug/mL against Gram negative bacteria in liquid medium. It was found to show stronger bactericidal action against Gram negative
bacteria than Gram positive bacteria. According to increasing concentrations of the extract, it resulted in a proportional reduction
of viable cell counts of both S. iniae and L. anguillarum. The former was not detected by addition of 189.6 ug/mL after 12 hours
incubation and the latter by addition of 151.6 ug/mL after 24 hours incubation, respectively. It was reasonable that fish diet was
soaked in cinnamon bark extract for ten minutes. The relationship formula between the weight of fish diet and the extract absorbed
to fish diet was Y=7.2726X+4.5083 (R*=0.9998). The fish diet soaked in the extract inhibited the growth of all strains used in
this study. Its antibacterial activity was stable at the range from 10C to 35T during the storage period of 28 days. When the diet
soaked in the extract was incubated in liquid medium at 35T, it inhibited the growth of microorganisms inhabited in the diet.
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L e 1995 Aoz FAE FTAU oxolinic
acid, florfenicol ¥ flumequined] 3 AF&7]E0] A HJoH,
19969 BAEAR A2 ofF ¢ wprdrtAel] oxytetracycline
o ZF A87IEAE HAs FAEAY HF Y F4E9
GAA A3E WAzt AT (S FFAR, 1998). FA of F
o 3% NFE 3o AJARA (Penicilling), HHEEA]EH
A (Teteracyclines) ¥ #A=EA (Quinolones) 52 A7 4
£53 glen (FHEFAAEY, 2000), o] 5 FHA} olFU A
Z AR A A FU1T SHE A FA4A WAL
E& dadFolut allergy #4 59 Al BAZ & £+ 3G
(2 %, 2000).

Ade AFUE (Cinnamomum cassia)¥ 93 & AZAN A
o2 gdMe FF, 24, AAANALR, A% 2 T 59
A go] Bo] AH4HE 8% Aol (Chang et al, 1998; %,
1990). Agje) FQ ARL WFZ 3¥E2 cinnamon aldehyde
258, 794, A S4FY AL € TFHAAA Foz 9
£532 9o AR Aggyd FLoze FFEY (Bang et al,
1997; Jeong et al, 1998a; Yang et al, 2001), FESdHol4
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(Jeong et al., 1998b), &L A F (Chung et al, 1999), A FF2
24 (Shigeo et al, 1989), A& WA (Immunoglobulin
yolk, IgY) 7 &7} (Lee et al, 1999), LA &3} (Park et al,

, UE

2001) 2 2AA A8 FE& (Kweon et al, 1997) 5o t}d

77 ERHI qlov, obA7A] ofFAM AT g T
¢ Ha dE fio mEA ojFe AT EAHE fEse ¥
94 Aol dated FF2EE dehle 29 TA HEe o
FAY e 28 FAE G FugE Ao 1 997t

LR

2 AFHE oFAY B 1A EAS AL 4@
QBoz ANZLE §74 S92 &9 ofFIYATA °
@ FTED, HAUIANTE L HLATEE 12T o RAR
AgAgoRN A 2589 FANY AR FTEY 2 A
34 52 AEsad,

R

. & 5

Ade AF FAA AAFANA T8t 20~30 mesh2 £
dto] -20Te] BHIUA Ao ALYt ddAH ERY &5
492 AL ofeh&& Hayman LimitedAt (England) A¥&
AHg-3r et .
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2. AZ TF X

FdY FH AgE 2FT RIS fuse AFos
Streptococcus iniae, Streptococcus sp., Lactococcus garvieae 3
Staphylococcus sp. 9 2BYAAT 4 dF9 Edwardsiella ta-
rda % Listonella anguillarum 59 134X 2 #58 39
FANEY B A2 RE BFPol -70C (15% glycero) oA B
Eot M ALyt Add e g 2 $7Y 2ol Mueller
Hinton medium (Difco)ol A9& 1% A713te] AL&8 ¢t

00k

3. &N 23 F&

A 100go] AFL (95%)2 1:59 HE (wv)E 718k A
LA 4N o)} A FE2 8 U2 o3 (Toyo No. 5A) 3+t
oA 7 T3] BulE AAT H, o2 A 95% dEL
£3A1A 100mLE H 43 §78 SHL g HAdoz AL
3t

4. {REYM IOl CiEt AT FHZ9 SFH
1) a4 A

A4 1% #A7IE Mueller Hinton agardl A8 28L& 93
TEZ AR, 25 ml BT E HHd BEFE 23 3 244
3 lGE AET A HEE U2 35CAA 48413 v ¥t
T 4 47 & BFFYT old Hrtse v FFY L )
A7l At ZE AP dx2TE AR A

2) HLAURXNX ST

(Minimum Inhibitory Concentration, MIC)

FEEd g JLLSAAFEY AL Lorian (1991)9) ¥
of aie} AAe X34 (Broth dilution method) &2 s}t =,
A4 1% #7H2 Mueller Hinton brothd) $&Eo] 44 &7} §
EE AN O 24 AYTY A% 557 10°CFU/mL AE He
£ AFste] 35CAN 2442 WG F FEE (600nm)E &3
gt LAWK AAFEE FIAL o)y Hrts e @ 47
HE A7 3t RE AP dz27E 43 gAY
B 3289 FEE FE £37) (Kett FD-600)2 32 2
FEY FAE ZAH A 1mLot A FrlFog yehhg
oo, A¥ F2EY 7144 1Y FFL 37.92 mg/mLol At

3) HAMAST
(Minimum Bactericidal Concentration, MBC)

A4 1% A7+ Mueller Hinton brotho] $&%0] 4% 557}
H=E H7HE 92 74 JHEd HF $x7H 1°CFU/mL 3%
HEZ HF34o 35CAAN 2427 g At wjFd 0.1 mLE
449 1% H7HE M 2E Mueller Hinton brothdl FZ 3o} 35C
of 4 24Xt W4 g FFE (600nm)E FAHE Y F4of A
oz 2 FEE HIAFFEZ YEUD. o8 FslEe
dege FEH L A7 dstd ZE AP dz2TE AF
&te] A3

4) OIREYMTS S40 njx|= g

AT FEE] AT T4 AlAE GFL Lo

H8te] 28 T ¥ EZ 100 mL Mucller Hinton brotho] &7}
O 4 AETE 10°~10° AEHEE HE3o 35T N w)
FHA AIZF BTe] WE AT WAE 2o mLYF AYS
(CFU, Colony Forming Unit) 2 YERH )

5. Aul £&& HX| A2 gd5n

AY F2EE AR B4 A5t ARE AN 3524
AAAN G 4% o|FAYAH T WP g7dL AEFGon,
TF FTA B F4E ARy AR FIFEL 2A&I 93
o & Alge 3% FHe F25 FEny A4aABAS 24
gt} dF8A L Mueller Hinton agardl AJF W YAE 1%
HEE #7138 HHE (85X 15 mm)ol 25 mLY B3 JF g7
A EAE FFAU ARE AAFY 27 oS 35CAA 24417
wiekate] Abg Fyiol AAde AAE 2 ol H7H
€ e gdE s WAGy] Yot TEANYE gx7E A
At AdAgt g,

1) &X| AlZio| 2 &7

At AR AR AL Loty Y3t AR (FF 285+20
mg, A4 9+05mm)E A F2E] YFAZ (3, 5 10, 20, 30
) AAAND F AN 2y dxdd dees F2A
s FTBAHE ZAHAG FTEAH 4L 98 YHAFoRE
S. iniae} L. anguillarums A48t Sit).

2)" O{REYM T ot x| AlZ o] Y

A F2Ed HANL AR ARFAEAT e d2EA
& 2B I3 AR (5% 285+20mg, A4 9+05mm)E
A F2E4 10833 AL F AN 2% DAz o
§&S LAY s 78NS ZFAG

3) Az F™O| ©ME &5

Ata %l B AY 559 F5EFE Lotry] Y3te Fo
Z7] 948 AR (38 5% 285mg 1070, 422 mg 2070, 535 mg
2007 E AN 3224 1082 AN F AT F5ee 3
289 FHE 7 U5, AN FFES 14N 1YE PPz
gaato AAZ FFR FrHe A9 228 $339 Fad
A 2Yxz Yepfo] #4354

6. Az &S X Al29 MEA

1) &X| Az N g 7y

A F&E AAAN AR AP LEo ¢ g7y s
GotH7] fatd AR (5% 285+20mg, A7 9+05mm)E A
¥ 384 1027 AAANY F oA A=z 10, 20, 35T
ol 28U ARZAA FHEAHE SHIA FHFEAHL 47
5% FYF Wy Yo, UHRLRZE L anguillarum
&AM

2) AX| AtzZe| M #is]
AT £28d AAAZ A5 Ads HElE Yol 93ty
AR (5% 285+ 20mg, AA 9+05mm)E AY 284 102
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Z AANY F oA Az dzd AA AR 00E
100 mL Mueller Hinton brothol ¥ 1087 ¥A¢ ob& 523
blending3dte] 35Col A WA A HFEE AL o)gf of
2724 95% g AAANZ A FANINA F& AJEE
AHg-3t o

al P

21 kS

=

1. O{REGMTol st Axl F£Zo| S7EAN

A gL FEE9 fFAYA TN E FFEAEL Table
1% 2 Ag 2288 23S 2 ST dEtd & ¥
TEAHE Jellen, 53] S iniae, E. tarda R L. anguilla-
ruml] WEdE 03% HHE T F4& AdAsAG

Table 1. Inhibitory effect of cinnamon bark extract against
fish pathogenic bacteria

Concentration of extract (%)

Bacteria

005 01 02 03 05 10 20 30
Streptococcus iniae + + £+ - - - - -
Streptococcus sp. + + + 4+ - - - -
Lactococcus garvieae + + + + - - - -
Staphylococcus sp. + 4+ + + 4+ - - -
Edwardsiella tarda + + + - - - - -
Listonella anguillarum + + + - - - - =

Every experiment was repeated by three times.
Symbols: +, all growth; *, growth of 1~2 times;
=, never growth.

2. H2HUSMXsE ¢ HAMAREST

AR FEE9 AFAYATA U J2EAANFE 2 Ha
AHFEFZE Table 20) YeERATH A £259 a1 T
N H2LEARFEE 75.8~189.6 pg/mLol o™, 1734 A
Foll hatele 758~1138 yg/mLEE ZE A PTF et EYe
G 2HERS JEHYLY, 24T FEE 28FE T gty
= 1138~379.6 pg/mLol R 29, IS Tod dstods 1138~
189.6 yg/mLE G TR AT date B} 73 4FAES
Vel AT

THFIVZE (200009 E3o) o oAl BEHT
e FAAY F2 FAWAT 3 JALZAANFEE &

Table 2. Minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) of cinnamon
bark extract against fish pathogenic bacteria

Bacteria MIC (pg/mL) MBC (pg/mL)
Streptococcus iniae 75.8 11338
Streptococcus sp. 1517 3792
Lactococcus garvieae 1138 189.6
Staphylococcus sp. : 189.6 3792
Edwardsiella tarda 113.8 189.6
Listonella anguillarum 75.8 1138

A% AR, L anguillarumE 71E22 & o FAHeR H7F
£& g1 ¢8R e HEZHH|ZHA (Teteracyclines) &
A EgRo| 28  (Oxyteteracycline), FAIMIEH (Doxycyc-
line) ¥ HEZH)ZA (Teteracycline) S& 0.78 pg/mLE Al
28 (158uymL)EY $3tgon, gitgor Fdasst
Hojuttz ¢3A e AsEA (Quinolones) FHFEAHA
(Pefloxacine) @ ¥Z9 4 (Flumequine) 5 0.78~12.5 yg/mL
2 AY &8Rd oi e JFERE Jehsich $9, 9
YA3A (Penicilling)? ¥4 (Ampicillin) £ oFZ4d
(Amoxyllin) 2 >100 pg/mLE Yeht} Ad &g 3222
AR G AYAE BT olE FAAETE FH FF
84S 7MAR 5S¢ 5 AN 2 G A T
Mg HAFY Aol dE WAEH A BEHEE BE A S
YA FeHe Rl ofr] wEe] Ax FAFeIA Ao
DAY doid ol 3 HANE AAISdor dda AxEn
gtk £ J2 £ oF9 FHe 9y AT 9F A¥rEg
2% o] 49 Aol A FHFY Atst Bol FAFAA 2 T
e d gled, ol FHFL NE dE $HTH 54E
7HR WA AF Wi dd Aoz FEG AREAE AE
F §E 297 dEgolg it (FHFANEH, 2000).
getA] A 5L JI¥IPAT € 2T 5
3ty AL £ 4TAEES YEER JdHAATH
aFERATe] BEFHLZ offel Fds Wi I Fe
ARE Y3t F&3A A2 & 38 AoR AREET

3. O|RAYAM T CiE ALl &89 MFHE

A F58o| ojFAHATY F4o v FF& Yolu7]
date qo AYolM Aol 7HE Ue 2gFAT 2 1
FLAMTE A2 3259 FEE Y] ©EF A9
A A A g F AHd A= E 24k Fig 13 29 24
e ATt

AY 2285 2FFPATY S, iniaedl 3t 758 pg/mL
ANNE 7 $4& qAANZLH, 1138 ug/mL o) F7HAdl e &
&8-S o 1138 ug/mL A7F2 12A17 WY F 3log AE 2
2AIA, 189.6 pg/mL H7MFAME 27] T4 10°CFU/mLY] A
o] 1243 WjF ¥ Zo] AEHA ¥} (Fig. 1.

w3 aFSAATY L anguillarum©] st 379 pg/mL 3
7h2 dzFel ujdle & F4lo] A JAHALH, 758 pg/ml A
7HAelE 1242 Wl s E4 WETE A AR, 4L F
271759 vlete o 21og A% ZAsHgTh 222 1516 pyg/mL
A7b s 1247 % F & 3log AT TF7F HAEF o,
4N Foll= Aol AE&HA 4o (Fig 2).

4. Ao F&HE x| A2 g2En

MNEE AY F5E AXAE o A A ATE golry
At ALRE AlY FE58 AR AAAL F g2 E T
HAZ g8 S 23T 2, A 10ERAT §FHol
Z7tsdou, 2 ol dA3UT (data is not shown). W
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—= Control ——75.8 g/l Table 3. Antibacterial activity of fish diet soaked in cinnamon
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Fig. 1. Influence of cinnamon bark extract on the growth of
Streptococcus iniae. The strain was incubated in Muel-
ler Hiaton broth at 35C,
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Fig. 2. Influence of cinnamon bark extract on the growth of
Listonella anguillarum. The strain was incubated in
Mueller Hinton broth at 35C.

gtA olte]l A 1083 AR E Aoz FHch

g4 EAo F58 AE9 AR TIEFY VxAEE &8
87] 98t Ag F3E AY 3389 F4F%E 4T 29,
[AA Y=72726X+4.5083 (R*=09998) 0.2 )¢ AT 4@
AL 7tA 2 YA (data is not shown). WAF ALE o] 3
S4E U9 YT FLYE 32289 FL ggen, o AE
FZo] He4E &9 F37 AAFE FUH) 7] g d A
o2 AEHY

g4 BEAL oF7 JH AT 4 AEE 7] Hao A
2E A F2Ed JANA g4 24E FHND US ¥

2AYAN T W gade AESFHT (Table 3). AH FF
Zo) ARANZ AEE AHLE RE o FAYATEY F4& 94

bark extract against fish pathogenic bacteria

Bacteria Antibacterial activity (mm)*
Streptococcus iniae 140102
Streptococcus sp. 13.5%05
Lactococcus garvieae 11.5£05
Staphylococcus sp. 120+£03
Edwardsiella tarda 165£0.5
Listonella anguillarum 19005

Every experiment was repeated by three times.

*Antibacterial activity was estimated by the clear zone surroun-
ding fish diet (¢9.0+0.5mm), which was soaked in the ext-
ract for 10 minutes and then dried at room temperature overni-
ght.

g 12~24 mmd AAUNE FA3AH2H, 53 S. inize, E. tarda
2 [ anguillarum®] W3 2% 78S Vel

B9, AN 328 pH 2 goll W$ A Aoz EHA
o1 (Jeong et al, 1998a), ¥ AHAFM A 3589 &
A AEol Atgol & FAsA o FAEATY FHE dAs
, AR AR B Ao 7] g o] oF FAFA &oldt
A AEE £ 98 Aoz 47480

oA e

5. Aul-FE8 HX AR MEY

AT 2524 AAANZ AEE AFLE 10~35TAA 2897
ARHFE o A& FIFEHL 97~100% 2A WS FAFHFHT
(data is not shown). W&tA ASAe & oFHd 424
REHE FTEAHY Zhe AY 9 Aoz 44dn

A 22Z0 AAAZ AR g4 HWEE YolR7] 95ty
AEE AN F2F4 AAANY A 95% olgge] AAAY A
a2a AANFA g AL AR o YolA AT Aol
g 474 Aste 2339 Fig 39 YeERRAT AXAF A ¢&
ANE YRTFE 27)FF 21X100CFU/mLY Reol 12412 Wl
Fole 52X10' CFU/mLE & Slog A=Y 57} S7htA oM,
A¥ 2224 AAAZ ARY F$e ATy F& JASA
¥ 12413 o) Felx A9 FF W3t YA

weld AN 2552 AA AARE oFAGAT Ao I
84¢ Jehlie 2 B8 U9 AE Atz 849 Wt
e, Algel EAste AT F4L AANNZD F YA
=8 Ade F48 g (Lee et al, 19960) % 7HAL e RLE
AFA glo] A 9§ e BE Al o3 WIS
A e #3238 Aoz ARET

olgd Ave FEaWldA, dgan FHAEFRE A4, A
oo wggA) FFas FeA 2 R RAA 43 F&
29 thokgt AEEAH FEE AT e Aoz €A 9
g% AT 3350 AAANY AR FFol o7 AT AW
o 2 g ¥y F4d vAe 9% 5ol dF HEN} &F
gt
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Fig. 3. Changes of viable cell counts of fish diet soaked in ci-

nnamon bark extract. Fish diet was soaked in the ext-
ract or ethanol, or not soaked as control.

ok
ol

0]

ol AWl td AY FHAE MLEy) T @z Ay
ZHH g4 L FE5Y o|FAEAT W T EA,
HAUSAANFE, 2405 2 ofFf Ao A& MY §&
A A

AY FFE0 IFFPAT i HELEEAAFTEE 758~
189.6 pg/mLoI QA IFHS AT thtod= 758~113.8 pg/mL
oliom aFFAR) AT st B A3 AHFEL
Yetliddh A 382 B 43 A4d agg84AE 2 o
T3AANT 2Fe dete F Yo T 2HERS JEen,
3] Streptococcus iniae, Edwardsiella tarda R Listonella angui-
Harumell ti3te] g F4] A 8-S Bk

AY 222 S iniaed] W3t 1138 py/mL A7I2 ATHLE
Hol 12417 Wi} ¥ 3log BEY TFE HAAAAT, 189.6 yg/mL
HA7le 27) TF 10°CFU/mLY Ao) 12412 wlok 3 Ajdo] A
54 ¥th = L anguillarumd) th3&e 758 ug/mL A7t
Aol vl 2447 F o 210g AEY TF7F FASHL, 1516
pg/mL F7FFNE 2447 F Aol AEHA sk

ARE AN FE2d0 AN HAA AA AL 10FUeH,
AE FF BE FEEF FFEFR 4 Y=72726X+4.5083 (R*=
0.9998)oiich, AH F&odo AAAZ AEE AHEE BE AF
AWATY g gAGen, 139 FoEPS ARE
10~35Col A 2874 A] A3 P =8 AA AZE A Ao
Yol WYL o, AR EA3e n4EY F4L AN

2289 oF A A7 9 ¥F &Y 549
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