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Abstract
Kanghear, H.', Suanyuk, N.’, Khongpradit, R.’, Subhadhirasakul, S.' and Supamattaya, K.'
Effect of cinnamon bark oil (Cinnamomum zeylanicum Blume) on the preventation
of streptococcosis in sex-reversed red tilapia (Oreochromis niloticus x

0. mossambicus)
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 347-358

The minimal inhibitory concentration of cinnamon bark oil extract against pathogenic Streptococcus
sp. was 250 ppm. An analysis of the extract by gas chromatography and mass spectrophotometer showed
three active substances, cinnamaldehyde (C,H,0O) at 83.1 %, coumarin (C,H,O,) at 12.6 % and cinnamic acid
(C,H,0,) at 2.2 %.

An effect of cinnamon bark oil extract on growth and resistance to Streptococcus sp. in sex-reversed
red tilapia after feeding the extract-supplemented diets for 8 week was investigated. Four experimental diets
were formulated to contain the extract at 0, 250, 500 and 1,000 ppm.
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The fish fed diet supplemented with 250 ppm cinnamon bark oil extract showed the best feed conver-
sion ratio (p < 0.05). Although weight gain and specific growth rate were the same as in the control group (p
> 0.05), fish fed 250 ppm extract-supplemented diet showed the highest resistance to Streptococcus sp. After
six weeks, the fish fed diet supplemented with cinnamon oil extract at 1,000 ppm showed abnormal hepatic
cells such as atrophy and degeneration and hepatic sinusoids.

Key words : Streptococcus sp., cinnamon bark oil, sex-reversed red tilapia
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o U 6 o = =
msthanlduselomiduun lasancludssinadud
MIauareuwInnin 4,000 ¥ wazdnsldiog1swns
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indwdensuene (Cinnamomum zeylani-
cum Blume) 229035080 wnssnaiasven Tna-3u
31N@ (Thai-China Flavours and Fragrances Industry
Co., Ltd.) léannnsnandelasin (steam distillation)
wazlfonsuaaidudiniazats daauasdumig
(specific gravity) i1y 1.0370-1.0530 uasdeaais
ANRBDIL 99111 1.5800-1.6250

2. MILATIULTD
X o . W o
W Streptococcus sp. nuanlgandanten
X ¥ aa X .
e luLraNin T TN AUS ML IMAldua Il I INe
2 A X Ao 9.q = =
lna @eddranugunssvaasanililaiaanIamis
(LD,,) winfu 1.42x10° CFU/Na. %8 wIEadis
X X d
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unztnfgungd 35 °C win 18-24 dalus Tindaw
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t:i U gj 2!’ ad
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MHA 19.8 ml) "n3taeasliianuidinduanas 2 win
(2-fold serial dilution) T léianidiadiu A7NE 5 sEau
fia 1,000, 500, 250, 125 waz 62.5 wuludu w
n wlddulusasaneaes Bnunadluanumizide
sanolil¥omaudahiname au3 dn ugeaaueald
MHA w uiu DMSO (818, 2540)
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a1 24 Falue Brunalasganuidndud avasini
Lﬁﬁaﬂaumsmﬂﬁﬁug’qmﬂﬁmﬂau%a Streptococcus
sp. WIBUAUAAAILAN
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1 wa/wnit Tag 1airwmmsuendas GC wgniLin
mass spectrometry Ladnlase Suazanaluiana
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Selective Detector lagriuilainaSiiaildudutiu
Mniuluanasasinduwlfenoumsazgninliiuand
Lﬂuvl,aaauﬁmmﬂﬁlwmqa%’uwéﬁqmﬁmﬂwaﬁﬁﬂﬁ
wansuandndulosau deogmngld 220 °C wae
faeuiazauandiinduiidiiminazming 35-350 amu
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21PIN NN BURanauLELmNe
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randomized design, CRD) loguvafiu 4 aanis
o o 4 ¥4
naaad 9 az 5 9 (replication) (NuUd 3 oILWe
= A a a & o = o
Ansnnisiasydule 8n 2 40 s lddnsanudiunin
o ¥ 4 o v .
TsauasnsidsuuUasueaitaliodafian sy 13 fa
Bsiuauire) lesudazdazlduainuiu 20 é1 las
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. @ - X ao
dnanasussgin 20 das luszuuidssldoiniansan
X Y o z .
srazaIMIRLazliannsiuas 2 ass a1
9.00 w. waztdu 16.00 w. (Awawaziaa, 2535) lag
THuaniuamsmniaSiduaiinings (nIndszas,
. o X
2541) 1uszaziian 8 “Uaw faik
FANIINARANN 1 81M137AAILAN 0 u
Tudu
FANINARIN 2 DIANITH N ITURBN LAY
wWaanauwame 250 wludnn
FAN1INARIN 3 D1ANIH N TURBN LAY
waanauwwewne 500 uludin
FANIINANBIN 4 D1W1IH NN URINIZLNE
wasnauwawme 1,000 wbisdns
. o ¥ . o, ¢ A
MNIIMIWIRUBNUIIMN 2 Uarw twa
- ¥ o R . L
AaEHBIRBNUIINLNNTY (% weight gain) 8630
matasduladmwng (% specific growth rate) Ao
ax35uae Jantrarotai uazame (1994) wazd@Ing
A & X . . o
raauainisituiibe (feed conversion ratio) AWk
an35289 Dupree waz Sneed (1966)
Aeszideyalasldnisitasiziauuys
1971 (ANOVA) uuu CRD wagidIauinauainuuan
@1vpa9AL@ana@s Duncan’s Multiple Range Test
(Steel and Torrie, 1980)
2) nmsAnmanuduniulse (disease resist-
ance)
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wWasnauananududua1g  An1Tna auaw
U 1 l&/ o s
aunuaaLe Streptococcus sp. Tagiinilan 1062 97

i A Y s aa a X a
udazgan1snaaasninant’ 2 9 lagdtnisdaizadl
anNidndwriniual LDy, (3.59x10° CFU/ua) 1dn
Taeviasradardias 0.1 ua. duiinnsenavasdanlu
usaz Juudtinluen Relative Percent Survival (RPS)
(Ellis, 1988)

7. msannmslasundasveiiiageveslatianag
v
wilasunanasainlasvervisn unNuwilaen
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o ) X A & & a v o
du lo wasdin asviadaluingwasuduidindu
d o X 4 . o % \
10 % tWaInNB®1T NNVDILLDLED BIDIUILYNANANIL
g X A o L.
TunaunIsaIaxLihawtia laaldia3as automatic tissue
I ¢ { o o o
processor Hudtatfiaandelumimwar v uwdhanda
shea3ndlulaslan (sliding microtome) vun 3 luasau
@ u3tuee Humason (1979) uazflanda”™ hema-
toxylin uaz eosin @ n3dway Bancroft (1967) e
Wndu ladasuazinluasna aumswfsuwlag
X { [
maamaL%T@ﬁﬂaaa@amiﬁﬁﬁswm

WHanN1INaael

1. mmmlfummm K2 (MIC) ‘umummﬂaanam‘lm
L'VIﬂ‘VI mﬁnﬂnmwa Streptococcus sp.

MEATaRIUBMI TN naLLae
wmen dluavns MHA lussduans 9 @a 62.5, 125,
250, 500 waz 1,000 wludm 2w WewSeuiiay
AULAAILAA wuifiszduenuiduduuns 13 e
250, 500 uaz 1,000 mludu wm  wrsadudade
Streptococcus sp. VLﬁLﬁlaLﬂ%ﬁmﬁﬂuﬁ’uﬁﬂﬂ’mﬂuﬁﬁ
\Woludsndiads 4.732 x 10° CFU/ua uaz w130
qlednilen MIC wavinduwfenauimsimeaity
250 "wuludu

2. Psnawaz wilsznevves 15 ety
wlasnauwweina
iadiasnesin 1§°1ﬁ'§ymaafrﬂﬁ’uLﬂ§aﬂBUL°ﬁﬂ
weldlumsaneaSaiigneds GC-MS azwy wWnasu
289 19T 6 fin wazdetindaadeildniaTiam
Tass $rouaznnaluanadlas MS wu uisznavass
13" dyvesinduiAeneuewmea 3 wila e cinna-
maldehyde (C,H;O) 83.1 %, coumarin (C,H,O,)
12.6 % uwae cinnamic acid (CyHO,) 2.2 %

3. waveninldeneuweinadematniaivlauaz
mséﬁumulﬁ}’ﬂ Streptococcus sp. ludadiauas
wdasins
31 wademIsytavlaveslmauasnasina

311 shwiinmasded
LfliaLé&lﬂ’]iﬂ@ﬂ@\ﬁ{’]ﬂﬁ’ﬂﬂa’]Lﬂalilﬁiaéh
aﬁsl,umﬁ 2.33+0.01-2.35+0.01 ﬂiN umuﬂmaﬂmaa
ﬂmﬂvl,mummﬁmaae 4 a3 NI uAN Iz

Gpsonon 8 “Uanih Tagmuila “anid 2 Uanluga

mua}uﬁﬁmﬁnmﬁsvl,a\iﬁﬂ’m\ummhama a4 (p>0.05)

ﬁ'ummimamﬁvlﬁ%'ummw WS aenaumsme

250 uludiu uud andyemanenaeiliiuoms

1,000

&1 2 (p <0.05) waziiieu LANINARBY WU

N Nt NulAanaurend 500 wa "l
A ea ¥ oo a .
AlgSua1WIIN NINwURana UM 250 i
fu w Ahminedadad andngansneaseei iy
219%15K Nt NuRanaurene 500 waz 1,000 '
Tudn E]EI’NN%EI mm (Table 1)
g a =
3.1.2 umunmwmu ammﬁmitymuim
4 o X
mmnzuazaanmsulasuermsiiluiiie
L - 4 A a T
PAN AN msmstymﬂmmmw: (1
o o « X -
AAINNITURLWDIAEIIL LWL WD VDIUR T WA LA L URILWE
Algsuomng 4 K Wiuszazian 8 “Uesw wudn

a

Yoo d 2 X - z

WIABNNEANTVBANUIUALAILUIINWANS 4 AANTT

naaas Nuiiu legaluganisnanssiildsuaims
:‘ L A tdl s 1 v 1

W athdwfenauemnanazay 250 wludu

Yoood : s an

Fwinmanau 9 auasldlanuuandreiune §d

> 0.05) WalSaumaudugeaIuay  IuLaANIs
p 9 9 9
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NABBIN ISUDIMITH NN wIURanauLraa 500
waz 1,000 uludin ' Jeaaaeaindnsuadieil
w8 1 (p < 0.05) WaSsuneudiuganisnaaad
4146 (Table 1)
danmsasgduladtmizeslaiauniuias
WV 4 YANTIINAREY AANLUIRUAINTIRUNLAN
7 ae 4 “ X oa A
WnTnLazisas I saswemsiiuioiiaaglugae
1.042£0.00 - 1.22+0.16 lagvuanldsua1visn «
:’ >3 = 1 U 1 a o
iduilfanauame 250 wludiu W 1603ng
o o X oad .
iasuaIvsiduiann @ ’mﬁaﬂ,umﬂvlmuamws
N NthNulUdanautrsnanszay 500 wag 1,000 1w
o | Ao A < X
Tudu u Fdanaufsnamsiduiitasaaiun u
o ao < o X
mm:‘nﬂmlummuqmNamwmuﬂaﬂummsmuma
@1 auazauuaNANARNIY 86 (p < 0.05) Aulan
AldsuamiIn wrTuifanauame 250 wulu
8% % (Table 2)

3.2 anumumulsavesdartawasndasina
. ¥ -
INNIING BUNIIFNUNWLTDVBIUARALAS
I a X
wUaaiwemas lisuarInesas laansdialte Strepto-
@ & a AV oo

coccus sp. WU3I1 Uann 2 Uanlesua1nisn u
O" > = dl Q. 1 v 1 a
WNuilAenauameanszdy 250 uludiu w8
Usz ninmlunmsdunulie s @ JA1 RPS winiu
50 % waznaNNudiNgw 500 waz 1,000 uludn u
@1 RPS iy 17 % wirdu 1w “Ua#hia 4 Uannas
AN lEsuo1rsn NEnuRanaurawne 250, 500
waz 1,000 uludin 9 Aenudiuwninlsawinn
nngANINaass laaRan RPS ity 37.5 % lu “Uan#
7 6 UanldsSuarrisn wisuifanauireine 250
Duludu u Jenndwnulie sh @ ddr RPS
Wiy 33 % T andgendanidsueimisn aiilu
wasnauawme 500 waz 1,000 uludin ' A
RPS iy 17 % uaclu “Uenskt aving wudndanile

Table 1. Growth performance of sex-reversed red tilapia fed test diet supplemented with

cinnamon bark oil extract.

Period (Weeks)
Treatment
0 2 4 6 8
1. Control 2.35+0.00" 4.13+0.12° 7.72+0.36" 11.52+1.04° 17.64+1.76°
2.250 ppm 2.35+0.00" 3.96+0.09" 7.86+0.37" 11.43+0.40° 18.09+1.01*
3. 500 ppm 2.33+0.01° 3.30+0.23" 6.23+0.51" 8.90+0.90 14.85+1.05°
4.1,000 ppm  2.35+0.01* 2.88+0.13° 5.22+0.27° 7.21£0.49° 11.4420.63°

! Mean = standard deviation of three replications.

Mean within each column not sharing a common superscript are significantly different (p<0.05).

Table 2. Weight gain, specific growth rate and feed conversion ratio of sex-reversed red tilapia

fed test diet for 8 weeks.
. . Specific growth rate  Feed consumption Feed conversion
Treatment % Weight gain (% | days) (g) ratio
1. Control 652.08+80.90" 3.60+0.19° 146.29+4.82° 1.22+0.16°
2.250 ppm 669.40+42.18" 3.64+0.10° 129.92+10.78" 1.04+0.00"
3. 500 ppm 536.14+46.33" 3.30+0.13° 118.58+12.01" 1.1420.08"
4. 1,000 ppm 387.03+28.16° 2.83+0.11° 82.52+3.96° 1.10+0.06™

"Meanz#standard deviation of three replications.

Mean within each column not sharing a common superscript are significantly different (p<0.05).
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SuanwnIn Nt NwURanauEna 250, 500, war 2% WK 6 “UAR warUaflesueiviIn NiUaen
1,000 3ld1s % INI0EIUIWiseanasyint auewme 500 wludn % ik 8 “Uad wudn
a ] % 1 Qs &' dl' L% = [ dl'
loafidn RPS wiiu 14 % wirdunnganisnaass  tiaidadunaidinas (atrophy) wasimadl an AW
. . g L ) . X
(Figure 1) (degeneration) 37474 hepatic sinusoids 281809 UK
A’ d a > > .
mmﬁavlmmﬂn'lsmmmaﬂﬂaLuaga (Figure 2-6)
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Figure 3. Kidney of sex-reversed red tilapia in
control group (H&E, Bar = 100 pum).

Figure 1. Disease resistance of sex-reversed red
tilapia fed with fish test diet and after
challenge with Streptococcus sp. .

Figure 4. Liver of sex-reversed red tilapia fed with
cinnamon bark oil 500 ppm for 8 weeks
pancreatic acinar showed the reduction

Figure 2. Liver of sex-reversed red tilapia in of zymogen granulus (H&E, Bar =
control group (H&E, Bar = 100 pm). 100 wm).
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Figure 5. Liver of sex-reversed red tilapia fed with
cinnamon bark oil 1,000 ppm showing
atrophic (arrows) change of hepatic cord
and dilation of hepatic sinusoid (H&E,
Bar = 100 pm).

Figure 6. Kidney of sex-reversed red tilapia fed
feed with cinnamon bark oil 1,000 ppm
showing shrinken of glomerulus
(arrows) Kkidney tubule apparently
normal (H&E, Bar =100 pm).
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Table 3. Comparison of percent cinnamaldehyde compound present in cinnamon oil.

Compound of

Species of cinnamon cinnamaldehyde Reference
1. Cinnamomum zeylanicum (bark) 65 Lens- Lisbonne et al., (1987)
2. C. zeylanicum (bark) 75 Jayaprakasha et al., (2000)
3. C. osmophloeum (leaf) 76 Chang et al., (2001)
4. C. cassia (shoot) 96.5 Kim et al., (2004)
5. C. cassia (bark) 81 Friedman et al., (2000)
6. C. zeylanicum (bark) 81.3 Present study

nssgavlavaslardauasnlaswed o5
2138 4 a3 TugaswInvasnisidenms dainlé
FUBIMIINARAIN NN BLURONDUITBLNANIEZAY
aNdindn 500 waz 1,000 ulud1n 9 Aua1nis
letaaninganiuquuazgaf ldsuanmsn Nl
wiaanauene 250 wludm wm Fennleifien
wninafsnadiuandeiwagelie 165 R e
N1nUINmzey 13 davdindu suazinduanzas
WiuURanaumema 31NN13 " BNANgANIINNIINL
215U Uananewnsluthn udegainisie e
MlFUanana N Inina1nis (palatability) uag

[ ¥ v oy =® a
gansua1nTidiaans (acceptability) Ua13ein
s kitioanindnd  enalduansu 1semsle
¥oaniinlsinisaigduladn (Watanabe er al.,
1988) udiiiafis “Uawin 4 waz “Uawin 8 Ualuga

. ¥ oo
AILANLAUAN AU TN NtHaLLTEINe 250
1 v 1 a ) g’ L ndl 1 > NI =
wludu ' Jeriminedsdads 0 6 Uand
ANHUEAINABINIINUDINIININATY ATEU 9§ 39
NIRRT I uUSTMNINNIT et ks
21N NTNMBUITEINAN 9031 250 uludu u
YaAN1IUSUNEANIINNINUD IR TUAZANHIENIINY
213 i Tuiend

< & X = P a

M sAnmaTinaziiuldindardanasuias
e i Suainisganiuguuazgan ldsuanisn o
O“l L A 1 U 1 a
duidenauimamea 250 wuludn 2w Awanis
wiudulanazlse niawnisldevnsn lduanadnanis

a a ! C‘I U Qs C‘I e
uazAAAnINUaNAETU 1M WL ELINANIEAL
500 waz 1,000 wludin u silonasmwnan “Nwns

(%
o o

¢ & € | AV oo A

Wasidudn13saaaiy  wuInUani esusindulaan
dl > 1 % 1 = U
AULLENANIZAU 250 wbdn 1 JeNFIunL
130 90 @ T9ild1 RPS wiin 50 % awSauiiay
@ A @ & a
MYAAILAN LAZYANIITNANDIDY 9 1 “Uendin 2
4 e A ¥ o a
viavanUa bESuUSu TN TuiURanauL s e b
USmfitannz N @ leg 15 cinnamaldehyde 7
< & o & o & o
WWuavAusznaunanuasiNuldanauwmawme lniaie
AurUIbazna bnvavimaawuaiIaliAaa N avne
nianaTe832 (leakage) vasnikaiaa (cell wall) waz
Lﬁaﬁ TR (cytoplasmic membrane) (Helender et al.,
1998 ; Sikkema et al.,1994) nl¥wnsinfivasitiodn
[ aanuAadIng lasaniznmstlasiuldld 136199
. ¢ ) I N
LNaanINNLTaN (osmotic barrier) anYNNHUINENEN
AUTTUUN1S2L 9 electron transport Laz oxidative
. o U > > a A

phosphorylation miwwawmiumLmeiﬂQﬂﬂa@
Uassaannildiasas (Burt, 2004) anl#uuainiiss
DOULDLATANE LAZHY 1N1ID qﬂvl,ﬁdmaﬂumms
NARIN SULUSNIMTT U Ranaurawna 500 waz
1,000 "uludn w012 ld@SuuSunm 1snlimnng o
MIFERBNIIN1I300ANA1 BNTIa1aNaINIRALINAUDY
X A4 X A o 4 A a .
wiastaniely laganisiniafiadudaunniaan bl
n3UTunnmtinedeaslusdu (Robaina et al., 1998) 3¢
mFuaddse nBawmsdeslusdiudn dud nnean
AMNUIBABINITHIT9 ”ﬂmﬁl,l,iﬂe] (Hibiya, 1982)
WATEUSNaT S Ranauenn 3luwa1r1 e
e o A av 4 oa d X 4
LANTUN mamu‘lﬂsm IHalFEIMTIURswLUavavHaLe
anndoslugun 4-6 vesdalanasndasiwanldsy
9IMIN NBNLRNaUEme 1,000 lind1n %



Songklanakarin J. Sci. Technol.
Vol. 27 (Suppl. 1), 2005 : Aquatic Science

356

Effect of cinnamon bark oil on the preventation
Kanghear, H., et al.

@ & al T S =
Tu “Ua#hn 6 wuduitadiadunalanas (atrophy) uwag
. ) . X X Ay a
Hepatic sinusoid 2#18n¥ediu uaziiiaiiialaiianns
%ﬂé’ﬁ%@ﬂiﬂaLuaE&' N3NNI acidophilic group
P @ o A A a o &
9NN IHANINVRIATY $19lUsAuWasunULTaa
Und L adnngaziniafg BN A Fnnan bR
RRISIEaLY) I@ﬂiﬂimauaq%mauﬁamﬁﬂ wazluseas
a = Qs
JULIIWNLWIIARY Aaakazan (Wheater ef al.,
1985 ; Hibaya, 1982) NNy Burkit wazao (1996)
FIENIUIINITARNARE RAAIDIANAINNTHATLUDY
a lﬁj a 1 I 1
lasnndu  Feiaaneieudunse-ane (pH) anad
Wiagsannszvawnsen luaauwuu i ldeandanuas
do 9. X A - AW e
1memmimual,ﬂmjmﬂmuml,mLLﬂaﬂLWﬁ‘ﬂvl,mu
2IMINARBIHN NTNULURaNaULTanaNa N Ndu
500 waz 1,000 ANLdN FoAaann1snUan ldSusiig
wlaanauLaenene Nluawvﬁﬁsluﬂaﬂul,"ﬁuﬁuﬁm\uﬁu
4 X 4 o a o a N
TuuaznsifaunlasuasinotdoduAaUnG Az b
132 " NBAINNIINNBIDIAUAATIOEAY SN LHUAN
U5 nEnmwmsldonnisdnas 39 snaldaniniseda
a a 1 1 Q- a d! k2 Q.
WAULEA I AUUAIUING B9 aaAdaINUI189I kDY
Hibiya (1982) sigviuinanuialndludusan wn
WULTRAVARL LIARAE ‘lsﬂa\lmuﬂi’]‘%aﬂﬂa\‘i RTORERN
Uanaao1mtduia1uin 39 INaLENAANNAALING
209198801 (Zhalka and Bdolah, 1987 ; Beccaria

et al., 1992 ; Zhaobin and Xuefu, 2000)
fAnanssulsema

nuddeadel lesunuaanuunsidedsznn
donlesnuiifiafnmamAnends suauaTuns ame
{Aiavavounm aonadn wiunanu AldlEnTuuelu
FEATNNIINANDIANDANILAT VAL AAOUDNNIS
TAU9999 wAT AMTIINNE HigLnars flallFauaing
WARDANN 9

Lan 13591989
; & - o
nandsza. 2541 gienisdssUandaiwed  1eWug

@

U IBUATAAUINUTN TN

@

InTae 2.
NIINTINBATUAT ANTDH.

[
@ €6 o

w3adad  ase. 2542, aae “adniasznadainnawme/
daniia (Tilapia) ludnlanazTuaan. 2. n3uszas.
52 :263-266.

3303 1NEITUNT TNnD ymeSandn uaz Aan13 annnad.
2529. Streptococcus sp. wuaisamiu 1wngves
lsaludarynsie. 2. 93 uasuns mn 8(3) :
329 - 332.

= o £ ] A4 & aa & a a
ygien aefndnsena 39327 WANASONENa 3 e Anen
s a 6 J =3
Wl uAst uaz gad 29dnIzae. 2537, Madnm
s
gniaa lduasuaszfie. 2. 10 T a3, w1 Ingay
whea. 21(1): 1 - 6.

Unsod gudlsz 33. 2527, Uandauas. 2. nsdszae. 37
229-234.

s _aa I v &

Naw 9aFe. 2540, B1EIBIRTW 1 ATNIWLIIBUALNII
Uszand. ANWasen 1. nyanwe : Lssiad ondu
WAIUINTT D190 VBT,

WIHAD AUBAR  AINT ALINUBIIAN WAz ARSI 1lad

& (PN & a

w1l 2543, qoe wRweuauaznsialinan

¥ .

\i@ B-hemolytic Streptococcus sp. ludanzwsnn

o X o o ~ o o
1’]Lﬁﬂ\‘il%’%\‘i'ﬂ’é@ﬂ@l@]’luLLE‘]&"N‘W’W] NUR.

Lan 19

Jansadun 8/2543. 9aan aUBIWANT
X o oe¥ L e o

WA a3t ledinde suan nsnUTEng

NINTWINHATUNE AN
(% o € L% a =
daa1¥ad yiasnsia. 2541 lan1 waznieidanvas
wulnwalng. 2. asuasunsilsann o 1s. 3:43-51.
a a = a < =3 a
e dunalevie wax Aean ladu. 2535, nsdnsaila
o & A & a
289011113 " wIagthiieldlunisifosgnuaidauas
wdagine. tan 193TNsatun 123/2535. njanny:
ATUITBUIENINIRA 39INT NTINNY NINLTEN
NINTWINHATUAE AN
2INs AnuEeN uaz w1aled ausaa. 2530. lia
s¥u1@niaan non-hemolytic Streptococcus sp.

Tudainsewsznn. 0 1591n1satiun 6/2530.
o ae X o e Lo
SR 2w swzaes et detin

oifefonda 1an nINUaEa NIENIINEATUAE
N0k,

Al-Harbi, A.H. 1994. First isolation of Streptococcus sp.
from hybrid tilapia (Oreochromis niloticus x
O. aureus) in Saudi Arabia. Aquacult. 128 :
195 - 201.

Alzoreky N.S. and Nakahara K. 2003. Antibacterial
activity of extracts from some edible plants



2., UAIUAIUNS NN,
9 27 @uey 1) 2548 : 3w A

357

wavesrulasneussmanamsilaanulsa
Wity Mg uazame

commonly consumed in Asia. Int. J. Food

Micro. 80 : 223-230.

J.D.
London : Butterworths.

Beccaria, C., Diaz, J.P. and Connes, R. 1992. Effects
of dietary conditions on the exocrine pancreas of

Bancroft, 1967. Histochemical Techniques.

the seabass, Dicentrarchus labrax L. (Teleostei).
Aquacult. 101 : 163-176.

Bullerman, L.B., Lieu, F.Y. and Seier S.A. 1977. In-
hibition of growth and aflatoxin production by
cinnamon and clove oils, cinnamaldehyde and
eugenol. J. Food Sci. 42 : 1107-1109.

Burkit, G., Stevens, A., Lowe, J. and Young, B. 1996.
Wheater’s Basic Histopathology. A colour
atlas and text. 3" ed. Hong Kong : Churchill
Livingstone.

Burt, S.
properties and potential applications in foods.
A review. Int. J. Food Micro. 94 : 223-253.

Dupree, H.K. and Sneed, K.P. 1966. Response of
channel catfish fingerling to different level of

2004. Essential oils: their antibacterial

major nutrients in purified diets. U.S. Bureau of
sports Fish and Wildlife Tech. Pap. No. 9.

Ellis, A.E. 1988. Fish Vaccination. London : Academic
Press Limited.

Friedman, M., Kozukue, N. and Harden, L.A. 2000.
Cinnamaldehyde Content in Foods Determined
by Gas Chromatography-Mass Spectrometry. J.
Agric. Food Chem. 48 : 5702 -5709.

Helander, .M., Alakomi, H.L., Latva-Kala, K., Mattila-
Sandholm, T., Pol, I., Smid, E.J., Gorris, L.G.M.
and Von Wright, A., 1998. Characterization of
the action of selected essential oil components
on Gram-negative bacteria. J. Agricl and Food
Chem. 46, pp. 3590-3595.

Hibaya, T. 1982. An Atlas of Fish Histology Normal
and Pathological Feature. New York : Kodansha
Ltd.

Hili, P., Evans, C.S. and Veness, R.G. 1997. Antimi-
crobial action of essential oil : the effect of di-
methylsulphoxide on the activity of cinnamon oil.
Letters in Applied Microbiology. 24 : 269-275.

Hu, T.W., Lin, Y.T. and Ho, C.K. 1985. Natural vari-
ation of chemical components of the leaf oil of
Cinnamomum osmophloeum Kaneh. Bull. of
Tai. For. Rese. Inst New Seri. 78 :18 pp.

Humason, G.L. 1979. Animal Tissue Technique (4lh
edition). San Francisco : W.H. Freeman and
Company.

Jantraotai, W., Sitasit, P. and Rajchapakdee, S. 1994.
The optimum carbohydrate to lipid ratio in
hybrid Clarias catfish (Clarias macrocephalus x
C. gariepinus) diets containing raw broken rice.
Aquacult. 127 : 61-68.

Ka, H., Park, HJ., Jung, H.J., Choi, J.W., Cho, K.S.,
Ha, J. and Lee, K. Tae. 2003. Cinnamaldehyde
induces apoptosis by ROS-mediated mitochon-
drial permeability transition in human promyel-
ocytic leukemia HL-60 cells. Cancer Letter.
196 : 143-152.

Kim, H.O., Park, S.W. and Park, H.D. 2004. Inactiva-
tion of Escherichia coli O157:H7 by cinnamic
aldehyde purified from Cinnamomum cassia
shoot. J. Food micro. 21 : 105-110.

Kitao, T., Aoki, T. and Sakoh, R. 1981. Epizootic caused
by B-haemolytic Streptococcus species in cul-
tured freshwater fish. J. Fish Patho. 15 : 301-307.

Masuda, S., Hara-Kudo, Y. and Kumagai, S. 1998.
Reduction of E. coli O157: H7 populations in soy
sauce, a fermented seasoning. J. Food Prot. 61 :
657-661.

Mau, J.L., Chen, C.P, and Hsieh, P.C. 2000. Antimi-
crobial effect of extracts from chinese chive,
cinnamon, and corni fructus. J. Agric. Food
Chem. 49 : 183 -188.

Ouattara, B., Simard,R.E., Holley, R.A., Piette, G.J.P.,
and Begin, A. 1997. Antibacterial activity of
selected fatty acids and essential oils against
six meat spoilage organisms. Inter. J. Food
Micro. 37 : 155-162.

Qin, B., Nagasak, M., Ren, M., Bajotto, G., Oshida,
Y. and Sato, Y. 2003. Cinnamon extract (tradi-
tional herb) potentiates in vivo insulin-regulated
glucose utilization via enhancing insulin signaling



Songklanakarin J. Sci. Technol.
Vol. 27 (Suppl. 1), 2005 : Aquatic Science

358

Effect of cinnamon bark oil on the preventation
Kanghear, H., et al.

in rats. Diab. Rese. and Cli. Pract. 62 : 139-148.

Robaina, L., Izquierd, M.S., Moyana, EJ., Socorro,
J., Vergara, .M., Montero, D. 1998. Increase
of the dietary n-3/n-6 fatty acid ration and
addition of phosphorus improves live histolo-
gical alterations induced by feeding diets
containing soybean meal to gilthead seabream
(Sparus aurata). Aquacult. 161: 281-293.

Shaughnessy, D.T., Setzer, R.-W. and DeMarini, D.M.
2001. The antimutagenic effect of vanillin and
cinnamaldehyde on spontaneous mutation in
Salmonella TA104 is due to a reduction in
mutations at GC but not AT sites. Mutation
Research/Fundamental and Molecular Mecha-
nisms of Mutagenesis. 481 : 55-69.

Shelef, L.A., 1983. Antimicrobial effects of spices. J.
Food Safety. 6 : 29-44.

Sikkema, J., De Bont, J.A.M. and Poolman, B., 1995.
Mechanisms of membrane toxicity of hydrocar-
bons. Microbiological Reviews 59 2, pp. 201-222.

Smith, P.A., Stewart, J. and Fyfe, L. 1998. Antimi-
crobial properties of plant essential oils and
essences against five important food-borne
pathogens. Letters in Food Microbiology. 26:
118-122.

Steel, R.G.D. and Torrie, J.H. 1980. Principle and
Procedures of Statistics. 2™ edition. McGraw Hill,
New York.

Straka, R.P. and Stokes, J.L. 1957. Rapid destruction
of bacteria in commonly used diluent and its
elimination. App. Microbiol. 5:21.

Teska, J.D. and Shotts, E.B. 1994. Non-haemolytic
group B Streptococci from humans, fish and
frogs. Biomed. Lett. 199 : 195 - 201.

Washington III, J.A. 1974. The agar dilution techniques.
In : A. Balows (ED.), Curent Techniques of
Antibiotics Susceptibility Testing, pp. 127-141.

Watanabe, T., Satoh, S. and Takeuchi, T. 1988. Avail-
ability of minerals in fish meal to fish Asian
Fish. Soc. 1: 175-195.

Wheater, PR., Burkitt, H.G., Stevens, A. and Lowe,
J.S. 1985. Basic Histopatology. New York :
Churchill Livingstone.

Zhalka, M. and Bdolah, A. 1987. Dietary regulation of
digestive enzyme levels in the water snake,
Natrix tessellate. J. Exp. Zool. 243 : 9-13.

Zhaobin, S. and Xuefu, H. 2000. Effects of starvation
on morphology and histology of digestive
system in larval and juvenile Silurus meridion-
alis Chen. Acta. Hydrobiol. Sin ; Shuisheng.
Shengwu. Xuebao. 24 : 155-160.



