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Abstract

The present study investigated the effects of essential oils extracted from lemongrass
(Cymbopogon citratus), Kaffir lime (Citrus hystrix) and peppermint (Mentha cordifolia) as feed
supplement on growth performance, blood parameters, non-specific immunity and disease
resistance against Streptococcus agalactiae of Nile tilapia (Oreochromis niloticus). The fish were fed
with diets supplemented with lemongrass, Kaffir lime peel and peppermint essential oil at the same
ratio of 0.5 ml/kg feed and a control group was fed with basal diet. After 75 days of feeding, growth
performance, blood parameters and non-specific immunity of fish were investigated. After feeding
trial, fish were also challenged with S. agalactiae and mortalities were recorded. Results of this
study showed that peppermint essential oil at 0.5 mU/kg feed significantly improved final body
weight, weight gain and specific growth rate (p < 0.05). All supplemented diets showed significantly
increased total erythrocyte count, hematocrit levels and hemoglobin (p <0.05). In addition, fish fed
essential oil supplemented diets showed no significant increases of both lysozyme activity and
survival rate following S. agalactiae infection, compared with those of the control group. The results
indicated that peppermint essential oil supplementation potentially improved growth performance,
some blood parameters and tendency toward decreased mortality after bacterial infection of

cultured tilapia.
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(T3) waviisfuasssumiiisysv 0.5 mL/kg 819113
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Table 1 Growth performance, feed utilization and survival rate of fish fed different kinds of essential

oil supplemented diet for 75 days

Initial body Final body Weight gain | Specific growth Survival rates
Treatments FCR
weight (¢/fish) | weight (g/fish) (%) rate (% day™) (%)

T1 (control) 14.57+0.017% | 81.25+2.36* |457.65+£10.37° 2.29+0.04° 0.88+0.02° | 97.66+1.15%
T2 (lemongrass) 14.52+0.066% | 80.95+2.92% |457.50+15.49° 2.29+0.04° 0.86+0.03° | 99.66+0.57°
T3 (Kaffir lime peel) | 14.42+0.1167 | 81.08+3.07% |462.27+21.75°| 2.30+0.05 0.87+0.04% | 98.66+0.57°
T4 (peppermint) 14.48+0.204* | 84.98+3.68" |486.87+30.58" 2.36+0.03° 0.85+0.05% | 98.00+1.00°
p-value 0.198 0.032 0.01 0.037 0.453 0.187

Values (mean+S.D.) followed by the different letters in the same column indicate significant differences at p <0.05

Table 2 Blood parameters of fish fed different kinds of essential oil supplemented diet for 75 days

Red Blood Cells | Haemosglobin | Haematocrit | White Blood Cells
Treatments 5 5

(x10° cells/uL) (g/dL) (%) (x10° cells/pL)
T1 (control) 2.480+0.563° 6.33+1.29° | 33.65+3.59° 3.568+1.298
T2 (lemongrass) 2.976+0.751° 6.92+1.60° | 36.98+3.34° 3.722+1.730°
T3 (Kaffir lime peel) 3.008+0.533" 7.39+1.25° | 36.75+3.52° 3.517+1.779°
T4 (peppermint) 2.968+0.337° 7.35+1.17° | 36.00+4.98° 3.635+1.405°
p-value 0.000 0.000 0.001 0.145

Values (mean+S.D.) followed by the different letters in the same column indicate significant

differences at p <0.05
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AuRN (T1) agslsinnu wudwardalunnganis
naael Usuandmdenu1atanunliliaan
UANANSAUNNSERR (p>0.05) lngUSunaudniben
yviavueiian 3.517-3.722x10° cells/pL (11519
2

Table 3 Lysozyme activity of fish fed different
kinds of essential oil supplemented

diet for 75 days

Treatments Lysozyme activity (unit)

27.71+12.42°
22.47+11.22°

T1 (control)

T2 (lemongrass)

T3 (Kaffir lime peel) 26.28+16.88°
T4 (peppermint) 27.13+9.88°
p-value 0.216

Values (mean+S.D.) followed by the different
letters in the same column indicate significant

differences at p<0.05

Table 4 Survival rates of fish fed different kinds
of essential oil supplemented diet for
75 days and challenged with the

pathogen Streptococcus agalactiae

for 10 days
Treatments Survival rates (%)
T1 (control) 88.71+2.42°
T2 (lemongrass) 91.73+5.22°
T3 (Kaffir lime peel) 91.62+3.28°
T4 (peppermint) 94.34+2.87°
p-value 0.526

Values (mean+S.D.) followed by the different
letters in the same column indicate significant

differences at p<0.05
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wirdui fusinureadadonrruiivged wie
Wisuisunudarlunguaiuau [26] w5003
naasslulan ningu (Labeo victorianus) 18 4
FUaik TildSuomsnamisfunensiveatinen
Radu bitter lemon fisesu 1-5 % fidesduszneu
won laun USunadadenuas Usunaudaiden
977 USuadlulnadu Aduilaase wavawiiin
Boauadiingetunuanududuresnituen
ey [27]

Asdneiluadeil nudndnunenszme
uiazuila (iglad Auzngn wazazszumy) Ana
Tuemslafinasanisnsedu lysozyme activity
Tuihidenvesuafadeiieudisuiulalungs
AUAN donndaatunIImaassfinuitUaidai
I@5uomsnaufuneyssmeainands e
phagocytic activity liwsnsnsanuaituganuau
Tnsvihuvensyveiiataandauay clove basil

Lfinasianisnszduladudugiduiuludiion
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Ta'un" serum total protein, immuno-globulin
uag agelutination titer voaUanila [20] g4l
ana SunesieunisAnenuITunesseme
vangwiafignslunsnsedussuunddufunuulsl
Fmnzludan Tnganizn1InseAunTvinemuves
lysozyme waz phagocytic cell 819 @13a8im27n
oregano (Oricanum vulgare) @14U150N5¢ c%u
respiratory burst activity, phagocytic activity
wag lysozyme activity Tuuan rainbow trout [28]
wionsveaesiindrendsiulutan rainbow trout
AleSuommsnauingduiiaiaann black cumin
(Nigella sativa) i1 lysozyme activityiuﬁ;%ﬁaﬂ
getudleiFouiteuutatlunguaiugu [29]
Msfnwadsinuirvandaiilasueims
neunensyvenzlad HINeNgA Wasay syl

19m1N19918ana1a NNl AAN1SAALYe

'
=

wuALSY Streptococcus agalactiae

=

allseu

o

Weududalungueuay udlufidedAgnieada
HANTSAN T LU T ureNsE e S 00 e
Uszneumaiilutsfunesssmeinalunisuin
RosnsInissenveariafiinile denndesiu
S189uMsAnEmaNsatuTinuI s ueNsT e
Fnanluomsilnasonisandnsinisaeveslan
wdannsinildtinisinge 89 Yardafilasy
mmmamfm"ummzma cinnamon (Cinna-
momum verum) H8R31N1IANUAAAINAIIINATT
Ul dns@nd e S. iniae [30] nSeUariai
1§35 upmsHaNTsuMoL ST IYe clove oil (Szygium

o @ 1Y

aromaticum) H8RTIN1IALANBINEIANNNTTY

ﬁﬂﬁﬁmiamgﬁy@ Lactococcus garviea [31] 13
nsnaassfindroadsiuludamuema nuiilan
vaemATilaSuemsnantunensEeainon

a v

H9du sweet orange peel (Citrus sinensis) 16931
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nsmeanamdtainmstniliinsiade .
inige [22] SanadululFindnsnissentigedulu
Uaniildsuommanainduvenssmevdagndnii
TWiinsfnd ouwunaiSvazduius fugnilunis
Fanewaduuaiiievesesdusynoulutsiuney
sene 151891071 ureLTEINY cinnamon,
oregano, lemongrass (Cymbopogon citratus)
wag thyme fgnd lunisvhatsiwaduuaiise
Aeromonas salmonicida & w3 ummmq‘uaﬂi‘m
furunculosis ELu’LJmﬂq'mL“Uamau [32] WagWuIn
diuneusymenazansataanfivndt 52 vila &
g lunisvianewaddad (Candida albicans)
waguuafiSevaeuiia laun Aeromonas veronii
bv. sobria, Enterococcus faecalis, Escherichia
coli wag Staphylococcus aureus [9] ﬁ'ﬂﬁﬂﬁlﬂh
nstfudadeuuadiSevenidunenssme it
fumevhanewderiumad dawaliinnsdilvasen
oa15Usznounelulead n1Tazaly wienIs
WnIEnguiuYesaIsusenaunne q angluiead
uaﬂmnﬁmsﬁwﬂﬁﬁ%mf‘ﬁ’uiw’mﬁwﬁwamzwm
Wwaz ATPase membrane protein U84 UATI L3 Y
dwaliwaduuaiiisednisuandassluanase
levsuiidnduinudoriueadesngniouenlsiine
Fu sadensludufamsdaaseielaiviens
AndueIm1s Unlugnismevesgaduuaiiiiely
ﬁqm [1,33]

namsAnwnsed uandadilasuems
neusunenssvenzlad HINENgA Wagay SEuny

2UTNIINITANLANAIINNITTNU LA AANITAN

v
N

\Wa S. agalactiae WiatlFsuiisuivlalungu
AIUAY UAllTadunndlaimaasiiensinisme
nnsadliiAAnsAnLT o S. agalactiae Tu

8nINAeudIN (5.66-11.39 %) wilavegngls
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a A

ANINNTSREUUNIIL LN g TRieUTEIN

26 psmuwaTea fseanuidnsInImedigaan
nsAed ouuaiiise S agalactioe vaslanila
fnazduiusiunnuieioavesuariifianivgain
muﬂﬁauuﬂaaqmmﬁmmﬁw ToetamzifleUan
ogmeligaungivenitfisiniy 24 ssmiwaldea

= a

¥3089n31 32 sareaidua [34] Fefimanaduly
§i18nsnissenvestaniadideutsgelunis
wmaaqﬁmaﬁmm@;mﬂmiﬁiwdwﬂ’ﬂﬁﬂﬁlﬁ@
nsfaide Uamnasadinsey nieldgumndil
AelfiAnauasen deuiuilelduanisdnud
Favauanniu mstmihlilandafndeuuaiide s.
agalactioe Tueurandsdndudesdnuinela

TadeanuaIganugaumiivesiiinunsiume

5. agu
NaN1SANETlRIuIINsLES i sTumew
SV AL TELUTSERU 0.5 mL/ke 8115 finalu
N13N5EAUNITIRTYLAULN BeAUIENBULADAYDY
Yafla wazduwilduaigandnsin1snieaInnig
fnide S. agalactiae luvandaiimzidesld thify
wenszes afundnsusisssumaniadensiens
udssgndlfiduansnszdunisiasyiulauas

ay o

asuasugiauiuluvarialaluouian

q

6. NARNSSUUSZAA

v oy
v

n153deastlasunIsatiuayuIuUszunn

NN UITY UM TINeFY N vovaunn

anduIdguagiiam Wninerderinga @113

Ingmaniianinuazdsnnden Anyinemans

wnIngrdevinBas uazfiAsiteaynvimiling
v Hoog

atvayuInnITeidnsagalusien
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