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Formulation of Clove Oil Solution as an Anesthetic for Aquatic Animals

Abstract

Anesthetics are used in aquaculture during transportation o minimize stress and reduce
metabolism. They are also used to immobilize fish during fishery management; manual spawning. weighing,
measuring, marking or veterinary practice. Many compounds have been evaluated to anesthstize fish
effectively and some are being distributed commercially. Effects of clove oil to produce sedation and
anesthesia have been reported in some fish spp. and abalone. The constituents found in clove oil are

phenolic compounds, mainly eugenol. Because glowe oil is not soluble and poorly distributed in water,

the use of inadeguately formulated clove oild in different effectiveness. Using ethanal 1o

dissolve clove oil may iritate and causes t study has farmulaled the ready-to-use
clove oil solution for anesthesia of agualic Sals. e @mlubla and its safety and efficacy
has been experimentally evaluate
The taxicity of clove nd median Lethal Concentration

gluated in the static bath exposure
pm for Sea Bass Lates calcarifer

{1 9. body weight), 11.45 ppafor jife gis g, Ofgoch Tl T body weight), 15.07 ppm for

(LC,,) at 24 hr were reported in g
were; 13.18 ppm for abalone Hallogs

Cichlid Herichthys spp. (20-30 g S0dyive g Bedy weight). Subcellular changes

in gill or intoxicalion signs were not Qi agle o (AR . Dedy Weight) exposed to 4-6 ppm clove ol
solution for 48 hr, thus, suggesting The 48 ; i m clike ol was safe for fish.

. - : |

The formulated clove oil soltlion Eaf=be usad ish during transport, thus reducing their

activities and injuries from hyperactivii ez 88 ent dosages have been demonstraled
effectiveness in fishery use; LG : ooy Weidht | 5-10 pom for Nile tilapia fry

- —— e “

(0.35 g. body weight) ang 4 ghyl Rapid anesthesia can be

accomplished with levels range :: 50-500¢ er. LI

The present study has fﬁ{mulated clove oil smuttnn intended for the temporary immobilization of
fish, abalone and oth y and safety to be used
as anesthetic for agu ﬁﬂﬂ&ﬁﬁﬂ?ﬁﬂﬂ lyfin ish water and seawater.
As the product is formulated from natural plant pifduct being usedeas food additive, it @proposed to be safe

o RAFARERTIUUR TNV B come
solution was p‘fmmed by the analysis of the pharmaceutical active ingredient, eugenol content, using gas
chromatography. The content of eugenol in the product was found comparable to 98.55% of the labeled

amount, indicating that the formulated clove oil solution can be standardized for active pharmaceutical

ingredient. and hence promoting commercial production for the use in aguaculture.

Keywords : Clove oll Anesthelic Aguatic animal
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n1uwg 300, 400 uar 500 ppm WanARREANIINARBIAETINITE
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- undsildasludimiasunmtenld fumatfusFuldansaunseiataseiun
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6.2 UsvAndnmuasansazareniniu }Jﬁi’uﬂmﬂai’mﬁmﬁuﬁ
6.2.1 ARINAADY ' -—I-"""
ﬂmﬁaiﬁ'ﬂﬂ?t‘ﬁﬁufﬁ' ~:. 5 nfu 41uau 15 fa dndly

T .
seuvAATEluuta Ty r ANIARRAANITVARBIAIE

- ﬂu’imuuua.,'l.u'l.ﬁm

L3
WINIY AFINTARUN WY
6.2.2 TEN1TVNARAY

- guiRendarandalviugl paRTTATHIR SR /0 / 10 10 AnT
— koG
ndunaaeslAfuaNTaL A IUBETE ur % (WInuafTaza‘nuunIunglag
ofhanol @n 9 dow) iums

2 5 Hafans ( .#'- it wAaRT (AMdNTuTRY

¥nsTunTung 50 - ] WAz 10 NARART mwuuuiummuumuﬂq 100 ppm)

S STLEN 'ﬁ‘? m wmuumquns:ﬁﬁ
m:*nuw@rﬁ .ﬂ % ﬁﬁiﬁ ﬁnu (induction time)

- avlgaslunnusiusRining odnsilildatsasaieiniuniung
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fﬂ'I‘Ll“'"luT.‘I-ﬂJﬁ'lL?HﬂﬁuH'Il-lﬂ"!?ﬁ‘l-lﬁ".‘uﬂ"}'ltlu‘nﬁuﬂﬂﬂ Wedsufiuszazaanii

auamenendusdhanddunasnlarFumesii welassiuaneuarddism

W lnddsanauldFuen (recovery time)



a7
HANITANE
- 4
UszAngnmaesarsazansuiduniung lunisasuseiudania

i 5 v oL
pandndure st razatulunung A dNdureaNTunuNg 300, 400 uas

J - (] - L3 - - - :r =‘ -
500 ppm @1u1saaanasiAfeuluaresdaniiadrasamFana lidulsAuuasdaramin
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srznaRALaFud L ARRAS Lratinalifsssanas S IEES (idduction time) WATTLLEIRA
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L a
UszAndnmassasazaeuniununglunisgaussilaniadaiasyiug

8w ¥ - = A w A& a
aorudnduresarsazaroiniunungiieaanisiadaulnadaniiadaeioing
] ] £ L
dlanageuiiszAuanudndureainziunung 25, 50 uar 100 ppm wudrANERdure it
J J L] s
nung 50 ppm A mdinduivinzanansamiisniiariiaasuua siunnelu 2 wiil
al 1 . Yo = - - -
(m159971 6.2)  uananBnudrarsararminiunungilinaseuaiunsainidartisasuseiy

pfrndudasmariunduganminfidengadudaansiagivaasemsszaeifenianaz

=3 L W
AINIATEA A 3\

= -'I-"-f-- - - - - “ LS --. [}
A19190 6.2 NITADUAUSIY TEITIIETE sPonT U UungRA NN g s
WAAITTHEIIRFUALATHAL LR oY iaiausEuviFeaau (induction time)

o
LLﬂﬁ?:ﬂ:LQﬂ’lﬂﬂﬂ'ﬁﬁﬂﬁﬂﬂﬂ kecovery time)

1
w,

. Skecovery (1) foungiun

L
Aradindurewiniuntung

(ppm) wiaeulwand (c)
100 5.09 28
5.05
4.10
\ 3.56
.;f 3.27
50 T 2.48 28
“ 130 244 39 3.33
ﬂ ¢ a oot ' 1.50
“uﬂmwﬂﬂjwal’]ms 2.14
, 80 ¢ 343 o 122 @/ 122
9 150 9.08 NA 0.20
135 9.39 NA 0.25
110 7.41 NA 0.30
85 5.03 NA 0.15

" pudinduszduivinlilanasninafeulwaudbineednFegoudunimsad

MA, Mot available
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O
Il
HD@—CH:CH—CHE 'C:H:,—IE—!'CZ!‘Agj}*E‘-H.‘,—(fl'eH:'{:iH2

CH,0 CH,O
Eugenol Eugenol acetate
CH,
=
HO CH;—CH=—CH,, >
H
CH,0 — CH
CH, *
Isoeugenol Caryephyllene
217 7.1 Tnseaiafhdlfih Gl naniiins i luinsiunung
q8nsAnEN

7.1 NMSATENAITRTRIBNIAT

7.1.1 Standard Euge "‘"' 3 "

'l F1UYIUDR (Standard eugenﬂl ot no. 1078601, 100.4%

purity) 30 H&anF ﬁﬁ wazliutFunnssan

INEIUBA (metha no ﬁ:ﬁlﬂ] mﬂm anmaiﬂuananr}
12 sﬂkﬂ%&m s‘iﬂJ&lﬂaﬁl@MaﬁJ 188

m'?’ﬂufnﬂmﬁqmﬂﬂuaau (vanillin, internal standard) 1 nF4 14 volumetric flask 1WA

wiznulasnisdaansy

25 NARART ‘:I'"H"I'l-luﬁﬂﬂ"l-lLkﬁ:ﬂmlrm'lﬂi‘i’iﬂmﬂ’mﬁﬂ {mﬂuuﬁu{iu 40 Hﬁﬂﬁ?uﬂﬂuﬂﬁﬁﬂﬂ
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7.1.3 Vanillin Solution
o ® | )
wirsnTrunistidmansazaewsanaulude 7.1.2 (stock internal standard solution or
5
stock vanillin solution) {71494 1 fiaaansaslu volumetric flask 141R 25 HaRAAT 9 INTULIAS

auazlfuFuaRsfonmsues (ANdndureiafuriniy 1.6 Aadnfuseliafang)
7.1.4 Standard Solution

wiznlnen1sdsatsuinsgIugauen 30 Iadnfn W volumetric flask 117m 25 Raddns

e X
Tulsgrsazarenwsanaulute 7.1.2 (stdek Itafnal standard solution or stock vanillin

Wiy 1.6 :‘mﬁn?uﬁaﬁaﬁﬁy

7.1.5 Sample Solution

winnlnanisthilnng guTunungnianld)-
- . 3 P 4
1 Hadans 1414 volumetric 26 TieRnm s\ AN e LaneTisTonTulude 7.1.2

£
(internal standard stock sol uwiResuasiuLFumsdon

wsues (AnduiurewnAn i yEand quiniu 40 HadARsAeliadans

L3 Elnd L] - 3 t =’
wazA N iue I Tlafuin L _LE @ TS A7) NNITATENATRE1T 2 AT

AULINENINYINS
PMIANTUAMINYAE

* udnfturianan vife ivfussazsamiiunungndenld (ot no. B7CL00801/4) FeuszneuTuduantsing 4 W thumungiil
Uhnnafivuigiuen 5% (clove oil equivalent to eugenol 5%wiv), ethanol, propylene glycol, polyethylene glycol, BHT, BHA, MP, PP
uAz EDTA
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- o - P T LT
7.2 mealasziulSuingduealusnfniunuiiunung
7.2.1 amazueunda lasunlans vl

Column  Stabiwax” capillary column (Crossbond®

Carbowax" - PEG, 0.25 mm x 30 m 1.D., 0.25 pm
df)

Carrier gas

Flow Rate
Detection
Injection Volume
Run Time
Injector and Detectt

Temperature Pfog

H"I'I"N'I‘-‘ll 7.1 Temperal

aﬂﬂn'\nﬂﬂuuuﬂﬂqqmﬂq FLHZINAN

cCimi AT wy
20 3 fl0.00
40 ¢ a 220 g .00

7.2.2 mﬁmﬁ.uw%%mmngt

Q“mﬁﬂﬂ‘ifumﬂ 98¢

1. AFPAABY retention time 'JsaqmmquafLﬂmmnmm..mﬂmnmmu'luia
7.1.1 (Standard Eugenol Solution) gufialasunlans R (gas chromatography,
GC) 1Tufin chromatogram

2. MI9989Y retention time 1848 7I1TiAAY InunsangnTazanuTisFnTulude
7.1.3 (vanillin solution) § GC 1fu#in chromatogram

3. YARRUAMNMNIZANTEITELU GC (system suitability) 'Enﬂm:'inmmxmﬂ#

3 - .
winnaulude 7.1.4 (standard solution) 471474 6 N AWM peak area ratio

Gas Chromatography (Perkin-elmer, Autasystem XL) siedn Flame-lonization Detector (FID); Stabiwax” capillary column (Crossbond”
Carbowax” - PEG, 0.25 mm x 30 m |.D., 0.25 ym df)
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semdnasyIusaLazliafy ANTUATIIMAAN percent relative standard
deviation 184 peak area ratio ﬁuﬁa 6 A1
4. AnnzimBnussgiueslusiniuelaonsisaisaanefisfoniulude
7.1.4 (standard solution) 474U 5 i sty anesararefsinnaulute 5
(sample solutions, sample A uaz B) Inentsfiasinatinaas 3 13 Auatuw peak
area ratio i"'ﬁ’]"!ﬂﬂ"lmﬂuﬁﬁuﬂ 2MUARY Liﬂﬂmmﬁ (average peak area ratio)
Uhnnansyaueslundnsioet uazmdn %

184 standard WAk sample AU

7.3 N19ATUN

%RSD = (standard devj of peak area ratio) x 100

% Content of Eugeno ght of standard/25) x (25/1) x Ystt

%LA of eugenol = %conte,

HANITANE

GC chromatogram 184238 AUBRUALANIY PaAY uﬂm'r.uzﬂﬂ 7.2 Inamudn finvea

ﬂﬁuﬁﬁuﬂ"’]’luﬂﬂu ﬁl% %%ﬁ%ﬁ‘w El l] n ‘j

n1mnﬂeum\hmm,ﬁmﬂ4mwc (system _suitability) Tnﬂg}wnmm.mw
mmmﬂuﬂ% f-]aaa@ ﬂ@mww Wﬁ@ﬁﬁnamgmm T
gﬂ'n 7.3 uandfn peak area 184gRUBRUATITURAY WHBNNIBRIIEIUTININ peak area 184
A17¢AuBaUAYIafU (peak area ratio) SINNIFATIAABUNUINAN percent relative
standard deviation 183 peak area ratio %a 6 A1 1WA 1.67% elainnnnd 2% Felddn

- e -
suU GC NddaFunisrssiatunso A
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GC chromatogram 1ﬂ4ﬂ1ﬁ:ﬁﬂuﬂlﬂ?ﬂuiﬂuﬁ 7.1.4 (standard solution) W%
gsavaneiieinadulude 7.1.5 (sample solutions, sample A uaz B) uamslugulil 7.3 #
peak area ratio TEWINAITYIUBAUALIUARY snufAaanAnTLE (average peak area
ratio) wudmBunugAusalundnineifiAviniy 4.78 uaz 4.84 %wiv (1RAY 4.81%wWN)
Anwlu %labeled amount (%LA) 1eaansyAusslunfninsiviniy 96.57 uar 96.80% (1ade
96.18%)

Wi

T (1uin)

(B)

U# 7.2 Tasunlaunsuaes eugenol solution (A) uaz vanillin solution (B)
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s leasalaasnlovgglay

a;ﬂmn immm V228

#aii33 gas chromatograpay wwmuwuﬂ-1u1muunquuaﬂaﬁnmnmmuq ith
finfu TnefiafiRauTundranteesiiagiues anadlui ATBIANTBL 'luuﬁﬁumuﬁq 1y
leTagauen (Isoeugenol) w7e yauea axdiam (Eugenol acetate) ilusiu vieeraifluaisdon
17 lugasdinfu  nasW internal standard §auiumsiiemsidonannauAaInAAELTes
Aannsilasnnieduaransnldidy internal standard Tasanunsodiaitaléf retention time

J - - L]
fmmnzan anfiaresgaues TnofinvesgRussuasaniiafunaneanainfuatindaiay



46

mmuuauqmmwuEnﬁmﬁ‘mﬂﬂuﬂmﬂﬂﬁwﬁmuﬁﬂqﬁﬁﬁumquﬁwmﬁmﬂzﬁ
1=r'1Lﬁmmqﬁuaﬂluuﬁﬁﬁmm’”ﬁm?ﬁu'-fu wudfiFungAusawiniu 4.81%wv Andlu %
labeled amount (%LA) 18a819gAuealunAniniviniu 96.18% Fetlaziiulddn %LA ey
520914 90-110% aduinouniineuiulaeiallunsime s Bunuatsdrdolugas
AU (assay) ﬁ'wr’un'1?ﬂnmﬁiﬁﬁmmqmﬁ1§‘uﬂ'ﬁ'ﬂ:mHﬁwﬂumuﬂqwhul‘hﬁ‘mﬂu
aaaLERTN wasAEnnsTeN NsatuANAmNEARSuTEIaaUL A W IR LN TR

fnuue

AULINENINYINS
ARIAATAUNINGIAY



-l
uvnn 8

L
unATluAzIaIAUBLUENUIRE

ddunung  Wundadaisssmanidanniia Sqwinisdaniwinldidadiaileanis
Fasdu asusziu ndilenaini fAnrsnusinyludaniuanas auimitWdndiuanuas
anvdadullsslonddaniunisdanisdndin 11u nasnaudion Faimin Faaunn
FUATBIMNNY N19TUEY URzIBEIIENR RN U nsAREnsINusATULAT indATy

- - - . : 4 iy Vel g | ¥ o
Fufuiinsiufsdenussiiamigaaiea v G e in i ldfuen  wdlilessanuniu
=~ #

nNsanLn W e 1uAdn udy SOARIUAIAILNTZUIUNIINIATININ

——— = X Ay (@
nungHauanTAn Hasa e TR EEAsn s 58 Wua"ﬁﬁnqﬂﬁ‘luammm nsl4

I; - el ady ol -
wununginessiindends AUNAIUN ‘Luapmn'l.ummwm'li’

evud naslddanazaou AUt L'iu MINATNITY

wgrmﬂ wileideafuinle s

ﬁ\t\\ FI'I...I. aztinfi uazansiuune

nungluefisusaneand luyl

= el
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400) wie Insfiadulnanes Aprgpylend A ung Wldaaududuniai
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(6) wdRfnuriamsneengnalaialu3auazinAy
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nmageulssninmuazanulasaiurendniuniarasatiniuniunglunimi
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Widndunaauuieaiussiu wudissauntsaavauiuaududuressuazszusiaamdndun
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-

FanunsoRuntely 5-10 uai

qUIR  UBNAINLNITRUNAN

I ATRT)
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¥ o &
dsrAnEnnusndniunarsaraiguniuniunglunisvinldnaraiiamines
el L L = - Ll :
wagiheanieia  Anfusiarsazatsinduniungamisaldnalindanileiees
wesildepansiuazugaanutunsieldlunnfunandnideindenirevenidde tand
i ¥ 4 - - : "
11an17ld 2-4 Hafdms Aevn 10 Ans Ruanadmfunisinvesulidevamasanusunsla
j i J - :
Tawdne wenulrdeetagnuAunimmaesia vgasnudwnie uazwaravies Waldfugiuiniy
: = ) L =' - -t - i
wanantinimaasulssininneesndniusiarsazatsuniuntunglunesulrasdiuanein

nARdaNITnangVE AR luLIAN (< 40 pat) uiR2funmAseLluAe (0 ppt)

nsAnN¥IA M UR BB I8
nsAnsa N uim IETEREc ute! toxie R nuafansasarsntuntungly
Usuazvenuiige e lidnilés st (immersion bath) 1uaan

Aaem 24 Falue uAmITEALAT

yiaasl (Lethal Concentration O /i/

| \ L T LT (L

4 - - o
Andun ninaisalihfiings annazviansAnm

Uanen4 (Sea bass) JNZIR (AIMLAN 35 ppt) 28°C

Lales calcarifer

Uaniia (Nile tilapia) 6:" - —E‘ 1AM 29 °C

Oreochromis nilotica [H
4

Un e {thlndﬂ u El:ﬁawvl E] V] 35‘-“ E]’] n ‘j ¥13n 20 °C

q:ﬂr] a ngm‘iha;}u u w '] q nwg.l,;]cﬁuau 35 ppt) 28°C

Haliotis diversicolor

- - m o
ppm = wilafaulud udou vie Nadfng/ 1000 fng
ppt = iledanluiudou
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Conc.lppm)  Temp(®C)  Salinity(ppt) DO(mgl pH  Ammoniumippm)  Nitrite(ppm)  Alkalinity(ppm)

Day 0
Control 26 33 58 8.3 0.25 0 150

Day 1
Control 25.5 NA
Tx. 1 25.5 NA
1 255 NA
Tx. 2 26 NA
2 26 NA
T*. 5 25.5 NA
5 26 NA
Tx. 8 25.5 NA
8 255 NA
Tx. 10 255 NA
10 25.5 NA
Tx.12 255 NA
12 25.5 NA

Day 3
Centrol 24.5 0 NA
Tx. 1 24.5 0 NA
1 245 0 NA
Tx. 2 24.5 0.25 NA
2 24.5 ﬂﬁﬂqﬁﬂmWBﬂnﬁ 0 NA
Tx. 5 24.5 8.3 0 NA
: ammnmummmaﬂ "
Tx. 8 0.25 0 NA
8 245 33 6.0 8.3 1.0 0 NA
Tx. 10 245 33 5.8 8.3 1.0 0 NA
10 24.5 33 6.1 8.3 1.0 0 NA
Tx.12 245 33 59 8.3 1.0 0 NA
12 24.5 33 59 8.3 1.0 0 NA

Conc. = concentration of clove oll, Temp = temperature, DO = dissolved oxygen, Control = non-treated control, Tx. =
negative control (90% ethanol), NA = not available, Day 0 = ABUAINIIMARES , Day 1 = RINITNAREL 1 14 UAs Day 3 =
UANITNAREY 3 TU
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n1Anuan 2.4 qmmwﬁﬂi:udﬂamsﬂ n'u"m-'nuLﬁuﬁﬂﬁiﬂuﬂé’mmm?ﬁ:mﬂﬁﬁﬁumuﬂq Fe
gnnamﬂﬁﬂﬂ
Conc. Temp Salinity oo pH Ammaonium Nitrite Alkalinity
(ppm) (°c) (ppt) (mgf) (ppm) (ppm) (ppm)
Control 21 32 L 8.3 0.25 0 120
10 275 33 57 8.0 0.5 0.05 180
13 26 32 0.25 0 MA
16 26 33 0 0 NA
19 26 0.25 0 NA
20 27 0.25 0 150
40 27 0.25 0 130
Conc. = concentration of clove oil gl JEratle Alvec oxygen WA= MA = not available
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ok koK ok % % % ok ok k% PRDBIT ANAL?SIS * ok ok k k ok kK ok & bk ¥

DATA Information

6 unweighted cases accepted.
0 cases rejected because of missing data.
1 case is in the control group.

MODEL Information

ONLY Normal Sigmoid is requested.

% ok ok ok kR E ¥ % x4 R OE R R R K ok ¥ Rk k¥

>Warning # 13527
>Parameter estimates did not con

Number of iterations = 20
Optimal solution not found.

Parameter Estimates (PROBIT m

Intercept Standatg Erfor Intercept/S.E.
-5.80774 68F
Pearson Goodness-of-Fit Chi E.sare = =4 P= ﬁﬂ

mmﬂmﬁwqu N9

ARAREAT TR RN TR e

Observed and Expected Frequencies

Number of Observed Expected
CONC Subjects Responses Responses Residual Prob

.00 50.0 0 .0oo .000 3.2E-09
10.00 50.0 10.0 4.014 5.986 .08028
13.00 50.0 9.0 23369 -14.369 .46739
16.00 50.0 50.0 44.821 5.379 .89242
19.00 50.0 50.0 49.739 261 .99478
40.00 50.0 50.0  50.000 .000 1.00000



EEEEXXXEXEEE PROBIT ANALYSIS * % % % % % % % %% %%

Confidence Limits for Effective CONC

Prob

01
02
03
04
05
.06
.07
.08
.09
10
15
.20
.25
.30
35
40
.45
.50
.55
.60
.B5
70
75
.80
85
90
91
92
.93
94
95
.96
.97
.98
.99

CONC

7.90409

8.52300

8.91567

9.21107

9.45135

9.65586

9.83518

9.99574
10.14177
10.27618
10.83269
11.27499
11.65445
11.99521
12.31097
12.61060
12.90050
13.18580
13.47110
13.76099
14.06062
14.37639
1471715
15.09660
15.53890
16.09541
16.22983
16.37585
16.53641
16.71573
16.92025
17.16053
17.45592

17.84860

QRS

95% Confidence Limits

Lower

-63.34891
-54.23046
-48.45551
-44.11833
-40.59596
-37.60265
-34.98239
-32.64022
-30.51388
-28.56021
-20.52125
-14.22080
-8.92764
-4.33042
-.30369
3.15842
5.98172
8.10529
9.59752
10.63406
11.38518
11.96760
12.45390
12.89159

13.31868 .

13.78042
13.88342
13.99242
14.10922
14.23633

14.3 )
14.53925 17

14.73261
14.98216

Upper

10.87543
11.26413
11.52117
11.72162

34
45,

56.02063

68:6481

79.52210
85.30454

981579
3972978,

y

—a— mortaliti (%)

— linear (rmortality, %)

-o—rmnnmy{-%}

— finear {mortality, %}|
|

RE=09231 |

0l NRAANYA




-l
uvn 3
¥ =
mslfasazarmdniun ung lunsiafeugauiarudagnilainemng

' - ' t - -
n1ARUAN 3.1 Probit analysis uwamAIAENdurzAUsn9T saainTunung Ay

o] L ) = - r -l :
fmAsunduregnuainzw neseuluszuuddiansiuumiriiaiugen 24 dalus

E E X E K Kk ¥k ¥ Xk X Kk % PRDBIT AN&LYSIS ¥k kX E EkE E X E R ¥ X
DATA Information

10 unweighted cases accepted.

1 cases rejected because of missing

0 cases are in the mntml group.
MODEL Information

ONLY Normal Sigmoid is requ

EEEEEEE R % o O

EX XX EXEEEES

Parameter estimates converged / L
Optimal solution found. :

Parameter Estimates (PROBIT

Regression Coeff, Standard/Ere
CONC .28460 04707 Mfg 0463 1

Intercept Standard Erréf-Hter
-3.47589

Pearson Gmdness—af— C
Since Goodness-of-Fit V‘F !
factor is used inther;aiu.l on of ce

=m*”mﬂ%&’n}ﬂmﬂsﬁs‘ﬂﬂ'}ﬂi“

Observed and Exp-ecls:l Frequencies

m@mmmm’s NYRE

5.00 10.0 0 -.200 .02004
6.00 10.0 1.0 385 .615 .03850
8.00 10.0 2.0 1.152 848 .11524
9.00 10.0 2.0 1.802 198 .18022
11.00 10.0 2.0 3.649 -1.649 .364992
13.00 10.0 5.0 5.886 -.886 .58857
14.00 10.0 5.0 6.944 -1.944 .69444
15.00 10.0 9.0 7.861 1.139 .78613
16.00 10.0 9.0 8.594 406 .85941
17.00 10.0 10.0 9.134 866 .91344
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Confidence Limits for Effective CONC

ANALYSIS *** %%k kkxk*x%

95% Confidence Limits
Prob CONC Lower Upper
.01 4.03920 -.03305 6.22010
.02 4.99704 1.35822 6.96946
.03 5.60476 2.23748 7.44837
.04 6.06193 2.89666 74 ElﬁBB
.05 6.43380 343114 ;
.06 6.75032 3.88466
.07 7.02784 428109 - &
.08 7.27633 463497 __
.09 7.50232 4.95581
.10 7.71035 5.25027
.15 8.57163 6. 45}‘
.20 9.25615 7.399
25 9.84341 8.1904
30 10.37078 8.88
35 10.85947 9.5044 34
40 11.32320 10.074
45 11.77185 10.6034
.50 12.21339 11.1013
.55 12.65493 11.57793
B0 13.10359 12.03946
.65 13.56731 12.4953
.70 14.05600 12.95585
.75 14.58338 13.43399
.80 15.17063 13.94839
85 15.85515 14,5295
.90 16.71644
91 16.92446
82 17.15045
.93 17.39894
94  17.67647
.95 17.99299
96  18.36486
.97 18.82202
.98 19.42974 7 40543 23 17797
.95

ANTANN T

L

IR,

¥ = 8.29709x - 43.511 E .

—a— mortality (%)
—linear (mortality, %)

s o1
l-.ﬁu concentration of clove oll (ppm])

11 12

—— mortality (%)
—— inear (mortalty, %) |

RN MY
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MANUIN 4.1 Probit analysis waaAIANENTUszALANe IeniuNung ATy
- - - - - t ‘I v
fimAuundusegniantia nassulusruudddiansiuumitaiueg 24 dalua

$XEXEXEXEEEE DPROBIT ANALYSIS ** &5k kxkx
DATA Information

10 unweighted cases accepted.

0 cases rejected because of

1 case is in the control gro
MODEL Information

ONLY Normal Sigmoid is requested.

R K ¥ ¥ K Kk ¥ N DD R a v v * ok ok k F B R &k ¥ % % ¥

>Warning # 13527
>Parameter estimates did ng
Number of iterations = 20
Optimal solution not found.

T id
Pearson Goodness-of-Fit Chi Square *—{&-‘.%

Since Goodness-of-Fit Chi square is N "“'T“'“_-“
factor is used in the calcu! tin orifidence i
Observed and Expected Freglencies

Number of © ﬂ
CONC  Subjects espnnses RESPONSes Residual Prob

ﬁﬁwﬁli’ﬂmm

4.00 ZII] ﬂ .0 017 017  .0008

i i s ASI v N

20.00 © 20.0 20.0 19.997 003 .99984
40.00  20.0 20.0 20.000 .000 1.00000
80.00  20.0 20.0 20.000 .000 1.00000




Exxxrxxx 22 PRAOBIT ANALYSIS ****x*xx%kkx
Confidence Limits for Effective CONC

95% Confidence Limits
Prob CONC Lower Upper

62

01 5.92128 2.83035 7.48842
02 6.56927 3.82019 7.99583
03 6.98040 4.44362 8.32236
.04 7.28967 4.90962
.05 7.54125 5.28641

#

.06 7.75537 5.60526

/ / —— Mortality (%)

07  7.94312  5.88324 ——inear (Mortaity. %)
08 811122 613072 e

09 826411  6.35451 :

10 840484  6.55933 |
15 898750  7.39285 |
20  9.45059  8.03425 '

25  9.84787  8.56520 \ 18 Z3

30 10.20464  9.02367 1148231 £ [ . . . eonceiitrationof clove oil (ppm)

35 1053525  9.43092 ii5480g 1 = \\\

40 10.84896  9.80054 o f | | \

45 11.15248  10.14224 7 5 S AN

50  11.45118  10.46361 ghd [

.55 11.74989  10.77113 B2, ik

60  12.05341  11.07079

65 1236712  11.36863

70 1269772  11.67137

75  13.05449  11.98745

80 1345178  12.32893 == ARRIOR)

85 13.91486  12.7160i" 3 | s (NOrRRY, W)
a0 14.497532 p— a7 - —_———_-;-i_: 21%-91.973

91  14.63826  13.30336-4
92 14.79114  13.42542 Iﬂ 7.388 :
93 14.95925  13.55893 <17.64312 '/
94 1514699 1370727  17.92859 g
%
9.

95 1536112 13 %ﬂ ?q i
96 1561269 14072 9 ﬂ mﬂ ,ﬂ ﬂ ﬁ
97 1592197 14, 411 | of Glove

98  16.33309 14.62971  19.74678

LR"=09185

17.38

Il
]

oll (ppm)

16 18

® R RTRTTANNING Y
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s*xssxsxxx%%% PROBIT ANALYSIS *****sxsxsxs%%
DATA Information

10 unweighted cases accepted.

0 cases rejected because of missing deta
0 cases are in the control groug: \\
MODEL Information \

ONLY Normal Sigmoid is re

R Rk Kk Rk kE k kKX

Number of iterations = 20
Optimal solution not fou

Parameter Estimates (PR
Regression Coeff.
CONC .53858
Intercept Standard
-8.12056

Pearson Goodness-of-Fi

Since Goodness-of-Fit Chi uare
factor is used in the calcutation of confidence limits.,

;;:;;:;;;;mr VTN,

Dhserved

CDNCq bj esponses Re.spnnsesw;]dq nrt%I a
2.00 .0 1.8761E-12 -1.8761E-12 9.4E-13

4.00 2 u .0 2.4280E-09 -2.4280E-09 1.2E-09

B.0D 2.0 .0 000 .000 .00007

10.00 2.0 .0 .006 -006 .00312

15.00 2.0 1.0 967 033 .48333
20.00 2.0 2.0 1.992 .008 .99599
40.00 2.0 2.0 2.000 .000 1.00000
60.00 2.0 2.0 2.000 -000 1.00000
80.00 2.0 2.0 2.000 .000 1.00000
100.00 2.0 2.0 2.000 .000 1.00000
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Confidence Limits for Effective CONC

Prob

.01
.02
.03
.04
.05
06
07
.08
.09
.10
.15
.20
.25
30
35
40
45
.50
.55
.60
.65
70
75
.80
85
.90
91
.92
.93
94
.95
96
97
.98
.99

959% Confidence Limits
CONC Lower Upper

10.75824 . :
1126438 . : o
11.58551 |

11.82709
12.02359
12.19084
12.33749

_y =B.7806x - 78.963
R¢ =0.9748

12.46880
12.58821
12.69814
13.15326
13.51497
13.82528
14.10396
14.36219
14.60723
14.84431

' clove oil (ppm )

—ae— mortality (%)

20 23

— linear (mortality, %) |

15.07762

. . F idid I d = I
15.31094 . F'fﬂ
15.54802 . A 4207
15.79306
16.05129
16.32996
16.64028
17.00199
17.45711
17.56703
17.68645 . . |
17.81776 . O

17.96441 -3 20

15 FUEINEN 4
18.32816

18.56973 2] e e

iﬁ%ﬁiﬂm ﬁﬁﬂ‘iﬁmjﬁflﬂ‘jﬂiﬂfﬁ&ﬂ"’

198.08x- 190.79
R*=09832

I e Mortality (%)
|——linear (Mortality, %)

1
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saxxxxxxxxes PROBIT ANALYSIS *¥#*ksxxsstss
DATA Information

8 unweighted cases accepted.
2 cases rejected because of missing data.

0 cases are in the control group.
MODEL Information

ONLY Normal Sigmoid is req w/
_--'..“!-r
m*********

ok Kk Kk ok ok ok ok ok ok KX

Number of iterations = 20
Optimal solution not found.

Regression Coeff.
CONC .76385
Intercept Standa
-12.46418 106.17559

Pearson Goodness-of-Fit €hi Sg

Since Goodness-of-Fit Chi Saiare"
factor is used in the calculalicn

........................................

Rk L
120818

2.00 21.0 .0 8.0996E-27 -8.0996E-27 3.9E-28
5.00 21.0 .0 5.6531E-17 -5.6531E-17 2.7E-18
8.00 21.0 0 2.2116E-09 -2.2116E-09 1.1E-10
10.00 21.0 .0 .000 .000 .00000

20.00 21.0 21.0 20.948 052 .99754
30.00 21.0 21.0  21.000 .000 1.00000
40.00 21.0 21.0  21.000 .000 1.00000
50.00 21.0 21.0 21.000 .000 1.00000
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Confidence Limits for Effective CONC

Prob

01
02
03
04
.05
.06
07
.08
09
A0
15
.20
.25
30
35
40
.45
.50
.55
.60
.65
.70
75
B0
.85
90
a1
92
93
94
95
96
.97
98
99

95% Confidence Limits

CONC Lower
13.27203
13.62890
13.85533
14.02566
14.16421
14.28214
14.38554
14.47812
14.56232
14.63983
14.96073
15.21577
15.43457
15.63106
15.81314
15.98591
16.15307
16.31758
16.48210
16.64926
16.82203
17.00411
17.20060
17.41940
17.67444
17.99534
18.07285
18.15705
18.24963
18.35303
18.47096

: B‘,:
FUEIN

19.36314

Upper

- [ —a— Mortalty (%)
—— linear (Mortality, %)

—e— Mortality (%)
—— linear (Mortality, %)

‘»'/ N9

N8N 0 N EIHIAE:
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	กิตติกรรมประกาศ

	บทคัดย่อ (ภาษาไทย)

	บทคัดย่อ (ภาษาอังกฤษ)

	สารบัญ

	บทที่ 1 บทนำ

	บทที่ 2 การใช้สารละลายน้ำมันกานพลูในการเคลื่อนย้ายหรือขนส่งหอยเป๋าฮื้อ

	วิธีการศึกษา

	ผลการศึกษา


	บทที่ 3 การใช้สารละลายน้ำมันกานพลูในการขนส่งลูกปลากะพง

	วิธีการศึกษา 

	ผลการศึกษา 

	บทที่ 4 การใช้สารละลายน้ำมันกานพลูในการขนส่งลู
กปลานิล 
	วิธีการศึกษา

	ผลการศึกษา


	บทที่ 5 การใช้สารละลายน้ำมันกานพลูในการขนส่งปลาหมอสี

	วิธีการศึกษา

	ผลการศึกษา


	บทที่ 6 การใช้สารละลายน้ำมันกานพลูเพื่อการสงบระงับปลาขนาดใหญ่

	วิธีการศึกษา

	ผลการศึกษา


	บทที่ 7 การควบคุมคุณภาพสูตรตำรับสารละลายน้ำมันกานพลูพร้อมใช้

	วิธีการศึกษา

	ผลการศึกษา


	บทที่ 8 บทสรุปและข้อเสนอแนะงานวิจัย

	เอกสารอ้างอิง

	ภาคผนวก




