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BSTRACT

Research entitled "sustainable development of storage technotogy of striped
catfish (Pongosionodon hypophthalmus) milt for commerciat and conservation),, in

the second year was designed to evatuate the effects of type and concentration of
four cryoprotectants (glycerot, dimethyl.sutfoxide; DMSo, propylene glycot and
sucrose) at five concentration levets (3,6, g, 12 and 15%o) on cryopreservation of
striped catfish (Pongasionodon hypophtholmus) mi[t. Freezing of mitt was performed
in the controtted-rate programmabte freezer with two-step freezing protocol from
25'c to 0'c and 0'c to 40'C using various freezing rates at -3, -5 and -10"c/min.
Appropriate cryopreservation protocol was obtained from a treatment using extender
7 and 9o/o DMSO under a freezing rate -3"C/min with optimaI thawing temperature of
40'C. Development of cryopreservation protoco[ of P. hypophthotmus mi[t was also
performed by simple freezing in a styrofoam box. Freezing of milt at the height of
6 cm above tiquid nitrogen surface for 15 min was an effective protocol based on
evatuation of sperm motility and sperm viability. Cryopreserved mi[t was successfully
stored in liquid nitrogen for 4 months.

Key words: Cryopreservation; Striped Catfish; Semen; Cryoprotectant
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dnvtinr:'[rirjrrf,orJarfiiproonilllvrjl (Freshly collected milt) ufionr:zua1ufiulriufifi
Y o v A v d u d u r d u uo & u*e v ,t0alnnrl:{vlQvF}0{L1Jtlff}Jtvtult4uvt .Lriarlr:nifrufnrcrdtrfrolilfiuru 

ril:1unfun1v,{rirriio
aora.:odr.::rnr*r lirtrizualfi'ud.trifro (i:mrri', zseo) d',:rYunr:rrryrfi'udr_JarTounr:zuarrfiur
qir r{Ju6'0.:finr:d'suur tvnfrrri6nr:rfiuinrcrdlrdolarufioi#firir rdofiwioroqjnaonrrarrfio
nr:zualtfial ltavaur:n1d16'avnrn::orirnaoorti':rqqzualu-urirr.rtddouriilarfinrr,nio,
61 ut
[un15 tvnutulul.{uD



3

vj
6':u uunfinr:lmrvfiudrJararruriru nr:zualrfiurrflui6finrrunrruazud rlanrjartrinrl

u
nr,lrl6otnr:?Jo{rraln rtavlirtrfrnr:o-ornr:nroluv{rilfinrtrayor,ln urinr:firniovl-udr_Jaralru
s.3'-3 v orru,a^^l^{^--- | u d - d d u 

I --
iltittilotiou lir'[#6'o15orrirtf,oornrniofiudvarurrrruozuaruvlurr1rlti ySoilounts,:fimifiud

rJararrufir,{rnr:uvrrvfinr:mnl.dhinfuu,ir ri.,tri'nr:zuaurfiurd'oro-rrnioilarlru.ior..rn,flu
Jdiv

ttlorualtfruru fitriotldur:wuurndulunr:6'uilor&'uriuavlnrfinrrurnriunr anrvrnr:nirdud
dre!,

rtluflryrarfivlur-iou lirl#nr:unrvvl-u{rJararrutriaur:nzu6rrnnrJarl6'nrlnru6'0.:nr:ror
4 d ^ 3 , t u -'

otarnuSofratazufrnsl"r uurvrtfituuluaillun't:urirlrXurn-rneirruuryrrufilfi6o ufiot-1il0fi'uf
, d Y ! a o 3 g , u 4..__ ug d u .4 "1 

,auy & ju41fll1u}]1:Flultt0nF]?::Flultfloelnvrou=uquarusr'r"lurrarrdueriu rrlo"Lra-Ler'rjrrfroilB:rrruvr
v y4 4 Y ?/^ I

60.:nr: ira'riq16ooxrirrflotuar:avaruriv,lrv,loi raurfiu:-nurrh,,frdq*rnfrpiraur:nrffr
16'Lu z 6'nuruv 16'uri nr:ufiuYnrcrlu:vuvt?al#u (short-term storage)Torurffuinurluryr
u'rttlj{14:0L1JrlLuuvl06u14fllta.:nrr 0 orrtrttarfrua rfinfou (0-4 ornrrrar6ua) ei:u6niErafll

d,d
L!un1:Ln!inurLu:vt,vl'tatu't? (Long-term storage) lounr:rrriurfirtu#lluTrr:uouruarfi
qrura4fr - 196 o{alttaLfiua firaur:nrfirinurrjrrdold'rflufl uani,r,fodtd'fffinrunrna

oZ&.Ja,'
tvilourirrfroaorfrSooonlrlrari 1(Fresh[y col.lected mitt) nr:fi'nrurrvrnrTula6fiuyurvaltu
---q u Y N qrd<A 4 ovt t &y fn1:Ln!:nulu1tlJ0Ua1fi?1uLtaltil':-nuuurruav[{tJ:vlutrildurufi4o rvdrurJiurJqril:vfruEnrn
nr:tvlrvn'udrJaratrulri6d, uur.ruqrnr:26n16'n'.lud6'ron.1, na'rr6orfioruriyl"'uijfinrru
. y-. s4_y, v . y.{^..^r.ts-._!_ ,q '_. , i 

-",';":';"-* '
v'l:Oilnlolti tLa?u1ultf,0tttjtuufrou1u Tissue cutture ftask y6ourr?Jor[lJrtfl{ytoULuyaao

v'lrl (straw) u1ilar.rrfiuilritiltirl'ufilnuhi6'o.ro"'ur^iavl,u{fluornr-lorfioiorirrtio fireuannr:i,fi
^{--+ t-! Av v 6 oqvt
t'l-uvi*luviri}rfr6'ottt-qrniavlufi vnLvl:uau6nrnnr:u*'.trWrqa,f,u uavriraur:nrirri'rudouJr6u

< f J t d i.'
vS o rir ril o ird ufi r o r n fi d u'l rn rr a il rfi u l rYdrjli'g'ufi ufi o urj nn rifi n r : rr ntd

' ! d y--.- ii aa ^,".r^^,R^.y^-.^]i^E-,- ! oo<0 u1{ L: flFl'l}l!rU14114u{il41a tRn Lu:u ui rr rfrrlinurdr rfrola r at l uro ruunlJ 0t1Fto
o a< ! 3, u y , ' n.

n1:tn:rUti0{ttuFlvlt5ufro'lot]uttlourr'[u:cy'irrflurlounl::']u:rlrjrrfio frlororjurflouur
aa ! , ^.9/_, aa !, X,^-i-- 6l , a y &nuQ1nttlnllLiuvlouuu,.J?m?Uar utovtt5ufrtJut[]oufla1r.l1:nLoi6U"Lu:vyrrtrnuulrrJoLa rv{:1u

d d a x vdo 
^__ -_!5i 4 4 d -_l_ ! , g a,d i 

^*!rlrt: u Ll5rU Lqfl Luan'l?vvliltaoouSoilorvr: [nu ua?\'tulJo{ ryarfiuno uaura rl:lL t{tJ01st
^itv0114'l:unlutflnfirrlnfiriutott liTlriuunfirEaroSryt6'6 flrnr:r.Jurtloufifizualirtrfrnr:rJflauB

ravatunlildrufiofirfrrJ:hulaqat (Sadd et at., 19BB) flr:flo{rYunl:rjurfouorolirlfiloru
nr:ieiurrJfrfi?uurtiutdu?riunr:rfiuYnulariiirrflo{a'm'5unrnr:rsgfroyaru 1tfror urinr:'[dur
lfrfiluvov6'ottrTluiliurrufiuvrrvar ufiorornnr:"ldurlflfiruJarofizuarioq*r..1rrrr,:..,,qf,
v <6
a'nirir uas nr:lt'zuurnr:6oriourr-lfrfl.ruvroruunfiGorioT:nrlua-sr{rjr uavluuti

uonornrfutuflontiuvlu'jrrfrnfiufilGarn,i',ri.urih,.l:yrvrrrdwirlrin:vurinfiq.J:vTuuj
d t a "" ! u auoto{n1:rttitUutLavrrrirr{trirrf,od'mirir rflorornrirviruornrihyarnra6or.lrreiofruornuriu"rra6o

Y v taal:r'l:6ldrlritjo ud'u.rrnion-u{rfr ornr?1il rA Ery'r u Lra s lirlri'rfrernr:qrg rf; ur^iovl'uiiodrrur n
d o d u , a ioa{u!n1:tn!u'lLlJ0LouLQv!1Yn1:Ln!fnurttur.Lrutirrfilfrr'luriruJ:vrvtrt unoi'rodrqdu l:suyn

f,r]urravtl:v rvrrrlfi'viuteifinr:rfirrir riiofr'n'irjr rrr:r*gfioo dr.r r{Iu:u!!?i11#arrr:nouinti
Y-Yvedr 4 o il u l r ,y o 4 4 -- o,a X X 4 | .jau1t10tt4u61]r1:nu1u'lt{our Ltl Lrtmaoo t?4llflu1rj6'0.:n"rfi1fi.:qq nrafrfrrjr rfrora5odxfil=
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urrrdohialr;:ni dtr{iunr:rfi!Ynrcrrilr{Yo#n{rjrrrr:ugfrot6'odr.urrup1qrrYor.J:cTutdilrr

nr:6r uavl:sTuuivnr6'runr:ouinri
s, il o o -,H^-,3^-^y..'.-.^=i--.q ---.4 - Z & , j ^; JFl{uuQ{Q'l tUuvtovmolvl ruur':=6nr: Lunr: rfiu:hurdr ufioilararrufiqrura4froirr't ulu

.td t dqv4 d dtutlt0uuavuuutttitt{t"lriunrunrvl6 uavfinruarill:ntunlrlflauBrYukitd'uafiounr:tdrjrrdo
J o yo) o u -, f I 4 t d -_ .t d Z & -, ai o qyan tv!aLviluL0Ln?ltvnLuLaBnr:uttUu uavnr:utiur{lrirrflorjaratlur}tou1:J.'lLrJryllv}tuDQu

d r I as -. Y I

frnrrrr-Jaoorfiurio{uBTnnr-Jar'[unrurad'r :?ilfr'{aad'fl:rnr:riflI:n:s!1nfieurfiororn
ulnfiriufirjurflouturhrdoriurot uavarur:nlirnr:oufntirirrdorjara:ru16'rfiororn
6r- ------- d u Y & - "! d uy 

q

turrtrqufltta'rdrrf,oa'midraur:nrfiut6'rraoortil rarnfirynTu1aEnr:ufiufn,s.,drrurrau
(Ashwood-Smith, t9B0; Suquet et at., 1999)

im qrJ:ra.r dso rIn:r nr :i6'El
.Jd,ad,vt. tvionnurtUSuutfruuil:uavrEnruratrilurll-v{rv,loi tf,oruavnaur{ldutiotar:

q s s .jo6 , d Y X , q jdta:1011\:Lflnttuuva0lin1.1 6l vt[tllunr:ui'tirr{lrjrrfrorJala?1u uavfloo-arir.r 1fifizuariodv XX
:u uy t?a1 n1: !n!:n191U1 tlr0

^!+u---!q,ayXz. 11\ 0 fl n u1 a Fr 5'r fl 1 : A A 0 6U14 n il vr ur,r u r s ar [u n r : rrri ufi .i1i1 rf, o I a 1 a 2 1 U

3' tfiod'zuurnr:16l:-nurr^lrrdorjararruuuuurd11616'rurmnfinodrriruluneio.rTv,lr

rI o u [1, 9t tJ o { n r :i 6't,
u ad ._ 4. v Y & ! ^,i s d v , d 6n1:v'|9}lu1'1fin1:tn!:nuluru{o!ararrufroruynfrol"r Iounr:ufrtinrcruuurrdttfillu

uq s s

n"tluln:uoutua? (qruu4fr -196 o{fl'rrrarfiua)luanrnfi16oa1{"ha1:aua.rurjv,lrv,loi$aua1:
'1 --T-l di A a y[FllL0L]l:tvlFlLtvluvlrtuuluail tvl-01fir:rufi'ruuryl{firuil1ufix.t"lunr:rfirLinrsrarijiurruu
tt?Jllt.1



ado

TErir rf, unr:i{uln aaqtlvr qr*fi uarzrnBo uu?yr1{r n?ru6ofi rjrurtfflumui6'u

n r ::ru :r:ril ofi'uiftJaram u

nr:fi nur?,fi n tiavnrrilrciilriuuo.rar:trr:ToTvr: rvrnuyudfi

ruurvaulunr: u6uinryti'r rdorJaratr u uuu uriu6.r

nr:6nurruaroco'o:rnr:anoruu4fr (Freezin g rate) riav

n1:auar u (Thawin g rate) fi fi rio nr: unr6oufi roori-, d,
-r-._-.- i, , ts-y_- -- olq .l o!a1a't 1 uytr,tlunr: ut rutr.lpt.l unr: Lt rn5otiloaoro cuunfr

nr:vlierur lilnTuTaE nr: uti u{.:dr udouara.rr uodrrir ufr: u

n ei o sTv,l u Tpr u n r : fi n ur : c d'1J n m il at uu, a r rri, 0.., fi uuu r v an

dv'"&
nr: rfr uinurrir rfi orJararru uriil{ro drcirE,Fi.l un6iorTv,lr.t



rJ:vlsrddnr o'irostfiiu
t. vr:ruiBnr:fituurvartunr:rffr:hr*rrjrrdor.Jararrouurudu{r d.rdoryarr-rnrirr

aur:arjrtr-firilunr:tl:vunp{lqinr:tvrrvtururfi'uifrjara':rutrilnum:r lirlrfrnr:,fi'ornr:y'lriruav
nr:rurvfi'udr.Jararrufin?1rr6vo?nravfiil:stuBnrvrddu *ayu'rrfluuu.:yrrlunr:fi'ouur

dv""Xtrur-t'uifruinurdrtfrolartfro6u l riotilluournrm loruravrrsnr:uriru{.:rjrrilorJarf,nfi,rr{lu
-r- 44 9 u 6q y4 v d, j
il a r vr il n r u alu fi 

'u 
o t n a'8 er ri'u ua v rti u il a r fi o ulu a n r : vl n aiq ry vliu ri

2. r,irlrivr:rufittflntotar:avarenililv,loiuavar:tn:IoTyr: rmnurvrufifiuyurvaufiltiyyAoa,d.J
lq-oortdr tf,ailar arr u frrartr:nfrou LLuuul uauar ra:l nr: Ltar:av ar ufv{rv,lofl#ruiifrfi
aulo uasrnuar:n:tunr:utiuEuuavru.riu{rrlrrriorjararruriotrj ,rnr.,ndn.trdrr.,r.j-,
ar:avarufi'luv,loi ttavar:10:loTvr:rvrnuvrudrflntorfi6fiau'r:oritrrldlunr:fiquuri6nr:
..-,..4-.-|4ZX,^.iwt
rr?J ruu tta u u?J rr?{u't r1J0! a ltun €iu 1 Lor utuflu

3. 16'rfi'zu u r rvr nTula d n r : rfi u rir ufi a r.J a r ar r u uu u urti u6 r rfi o n r : r..r ail ufi u ilil a r a: r u
\-_ .-_. d - "" i , qq ; g A ayLoual:JlsntnuSnurilruilotJara'rru'Lpr"'[u:vuvr:arfruruflu irfiol{r_i:vTurdalaolunr:r.lau
rfiulrJararrer



uufi 2

ro nd1 Tra y.r rui6'ufi' rfi ua{o r

^u .i -l v I u - u - &t0na1:[Lau{1u?auyrnu?t0{!:un0uFt?uyrdontil

f. ilararru
99

z. rirrfioilar
^ dd r s -io - o
3. rrlJFtyt r5ufl 0 L:nrfi-1 rlru Luila1

+. n r : rju rf o u ruu nr fi rE utu : u il'i 1 { n : u u ? u n 1 : Lrd rE u- urti ufi .r rir rdo d'u, 
-irh

1. daraaru

rJararruuflulardurfiottottvru nu16'vr-rtrjluuririr16'rn:vur virdu rlrd'n uau
..^:-?^t-.- .<,. , io- -_... u1 v!, a v d & -rulrl.J'r L?{ rilu!a'ryt Ruorur:.Lrivr"rfrr tta v#mi uriavroufru rf,oa'm{lr n n.irTrru rvs,o! fru
o1v1:uBt?turiuilo uonorndudmjaTa:ruu-rrtjularfirdu.rl6'zuadrf.rtun:vcyruravturio Tors

nuo::utr6roslararruos:rrtr'[uLLueitrhlran Tnuovrrrhluqqr.lu (arr]or, z523)
,aJ

tlararrufr f, oar#rp'ir striped catftsh fi oivr urrtran i po n go sia nodon
hypo phth o tm us fr nr:sir Lrunyxoun:lioruoi'ld

Phylum Vertebrata

C[ass Pisces

Subclass Teleostomi

Order Cyprinifformes (Ostariphysi)

Suborder Sil.uroidei (Nematogathi)

Famil.y Pangasiidae

Genus Pangasionodon

Species Pongasionodon hypophthalmus

t.t #nuruyfrrtrj

rJaratrut{lur-tarri,6odkifiinSn a'r6'rGururr a'nuruvrirurarirrioulilvrxdrunnr
fiv#trioudrtn:l airuu#'rarnatfirilrn r.Jrnnirrvi firaurneYul z ri fin:yTorrn6rya-r z 

^Br.;tilfrnrioffu rriuo'uva-trfinurn r{Juniuttriu (Adipose Fin) uonorndalfi6iuon 1 ri rlaru
y 4 d, u4d t v d dd 4 r y - , 

n
Y1':8111ttaut']1afltlurafl uatilduuut{il arilns!ilfrryfroleioudr.lrir (nrnfi t) rJararrufi
dnrgruvd:ufr'nndrurlartvTil uriumnsirrriulouhilru{lurniora-rrnnkiirul do larrvrTuov
-a---- o -,i 4 s :-.-- --+-^i v 4 ..4 v j:"llnnailolvltvuoLFluFtiul{ vt5ovttrrfrur5un'jr "y" 6fl{1{avyfiloo (6vlia1, 2529) lou
to6ulararruo'tu tfl ovfirirrafinzfrTanY:rriod'r,flutr.t eirun:uur.:{no.rnr-Jrnh]firrJaru
vlnl:vlJltu 3o-45 ttuBrrsr: usirrrsfinl:vluilara:rasurnlraqjJuru,rai.:riro::r1rfrfinru
ul? BB.5 utu6tlm: uavfrdrrarin:rrnfir g fiTanYilrflr, Aio,-turarrur{tufr'm{rirfi1r[udoiu
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I v i ,-a-.-._--.,, Y o v L lao q , .j a, !uilrrunoudl{il1ndoLfruln'rlarrir6orrirerriu dorpiutorr-Jartflorunnro rua?uyrrllu[uaau
Y 'de 4 , d u Z, o or^
LtJ il n 1 { Lry : n Luil o u l a r n u rfr u u Fr'.lfu f, r fr fi fl ut il rJ : v y r u l a r tfi o fi fiu o qjhi rio u (al n r :,
2s42)

n1v{fi 1 ilnrarra

t.2 uradrorfr'u

ilararrul-nov'jru:u.n-utr-lu{Ju{.:1orrr'uou"lurirf;n firfin:cuarlrlraariruryfui rol
:?rrndil?t'noq"[uillnfrr'1"'u{lfirh urju nrl16'ruvrzu-nrir ra6o16'nor.rne]ufl.r1 r-lararrurflur1arfi
! c i : "". '
6u srnlqir u rfr oa n:! n?uyBoq ndr dun:1 u (ona ri, 2532)

1.3 finuruyrlrt

anuruvtnfltolilara:rurYu fr'r(,firi'oruEuuhiuu fiufr'otu{.:nirfr'trfiu #nuruvtiol!ud' ' d d d< r J .-i_r--. o-3 { o y qytilatuu:u?{: LLFluLan ilaun{Oou tiloldiloilfrrjotumnrlr 1 ovfrurrtoarl?Luaoonil1[y
.-d--1ye? ! u d d^a,^-.-. -!- V 4ya d aL14utFllJ0l fi?un?Liluilanuruvflvloosa'ltnn.Lpitior6o uiurrueirufr'ololrr_Jl nailuuoonillrliu
1Y^-"!- X , da -+-.- s d, .dd 

t
La6lua rl1.Jvl0{1.ltl?tuuuiltl a'nuruvto.rtio.rrurtutJu:rJEfiuuron{rrluqjn.jrtolri'rfr
uo n ol nlsua5{!3 t? tuiio{ tvr qu'rfia-nuruvvro.r u-lrrJ:r nn rflufi rra{ rdil (uo n ar:rir ruuvrjr
n:1il:vut n:uyt:1{rnua:ttauaun:6ri, 2550)

z. rhrdarjar
^U- 4 , o.i ^*l^y.a.._. a uo & v s- yiq ,au1ttJoual:Jl]a?lLiJriuntvlouilruiloa'nirri{fi:ltJFo ritjr "fimu" (Semen) uayriljr

flar4' (vtitt) drldriunrhudototr.larlouLel\'ru Iorurjrudolarfioqiludruuvraiofiiooonrrlaq "l

ttauavoloovfifrtrrndrurirurL rrridurvflu:rravfinfrunrrd'n lnua'nuiluyn{n1un.]flro{
^i^4^_^_* v d o Y 3u'rrr,0n?ra-{rnerflufrva'.iarnlirnr:Sorirrfiooon:J1 lounr:d'rrnmf, nnurdldu lirrn:uav
=j ^.+_-, + f, 3 .? id dd , n, aa! d .a'ltdotJuoul frttittf,ofr6nr:frf;tr:duuavhinr'::frfr6u16or.Ju (t:nsr{, zsgs) doqarfiurril



9

4 "" & ! - -.s-y_ | ; " u -_i-g-.-s, 
uo d u u 6,dL:o{u'l[10U41! 3.iFl?'lildlnryourtEtrirv:nnr:6orn'ufizuurart:druldtu:-urfruYnrcret"rariji].J

r IY J
ilar'Liurlonr:tu1uiliudla1 tni'ruo{riil:vnouyn{rnfi ruavfrlf;ndro{flo.iLua?lurhrdelar
doufin:uunnril{riutlaun{uraBotfrorrorlar oirriunr:rsriu:rtirurfiu,rlrvarrirrjrrfio

t , qe _.^-e-e.3 i & yqv^ 
^ .lua1ttrlauna]la0{ 11,fi1:tnilvtmoavarEJilr uBotrar"[f6ooutfrorfr rulrval Lraudtulfun?:Qu

d s 6d ,,. \ 6r ,4 u -_-61 y X , yNA u v ett00aLila1nFt (Osmo[a[ity) Lnatdutn'rto{rya?"LudlLfroila1 fr'rfrrfioflotrYunr:n:v6'unr:
..- -4r--.t1 ---..+ 6lv a,d v qyu a,d , ddaLna0!!14'114:0n1:Luv{a{{'l11lJ0{et?atlJilnaonounr:fnur"[fiFt'rartJiunrrgrJ uavfifiimoei:oot

.j a u qy.-+^--- u d oi a, y 3Fla0 o L?alylrfluinBt Li rflo nr: rvlr ur ul uvt'uq ttav rfro rflul]oilafrugturfiutrytrat ryarlu
Y & t *uyd 

q ti

rjrrf,orJar dt16'finr:rraoxeirul:vnouro{a1:auilBtirrrrfrerti 6'.:uaprrlumr:1.ifi t (nquai,

2536)

Avu
a1:1{fr 1 n?1ilr{u{u (frn6niu/t0o fra66m:) ro{a1:AuyirilxodrslutLorryarlurirrdo

larlxrfror (nqua5, zsao)

a'lnrrl:1{fitostr1u'jrnrutdutjuto.rar:6uvr5titfrorrirrlfiintd'fiurruur-i:r]:.lual
LLauu1nuQU00lJ1ufl{a'lt14rtLel 0{L!n1rtlunrua'rn'ryu5orarirfrro{a1:ouyl:urya1uLuu1Ll,o

rJar61rjfiln:uonloirrrirYer ludm'Sif;utqnriruuuutlufivr:ruri'uo'.irar:6uvriti rtiu rlrnra
fr'rarijiuovhir{Jurrraritvra'ttru urilur.Jartririrovfinr:ldvrdrsruqrnuonrraeinruvrdrrfio

Qntiuoonalnirtnrutfionl:zuatrlTuif r?\TruQunflL6oor.ruavfiorqoqjtd'lriururfru t urfi
u A,d , id .i r ds 

-61 
_4.., - .l rr.t i t il _ ?,fl?atu:tlUaltfuur:Jn1:tnd0uLM?Fr{illonra-Ltrrrivla"ltrufrava:r'Lflurtaarvirriu 6'{fiu

ar: duvt5 uleru Lail 1u o d't{0trir nra naTna uavil:nIna nr ayfr'oulrftfiu n r:lciv{d'.i{1uiJo{
druvrvlarrvirrfu oeir.:1:6srtrn:na#nu'.rrfi.r,u,fiu:datrirnr:Fl?unilnrirndoulvrror
oirariJimiartil:rua1lJ1:no1u (ainding) riu6oourirrl niu unarfiur ulnfirfiuluav1nuyardur
rl?1:railqa?ol6oourirtl narirfirirurJorri'utrilrio'rautlilfinr:ur6outraroun.jlqvnn{uaon

,1 .'
rto ni'l{nl u rfr o nr:zualvl"'uri tnqr*a5, Zs:O)

dn rgru v a riJ il t o tr-l a r ri r t o r n d'm {fi n : v q n #ur,l dr d u l ru : r vhi fi ri r u o yTn :Tr l. z,!a.(Acrosome) vt-rflttlutn:rvltiilarfil:r1n:lnrifi,:r{luytr.irutorrdo6'r{a{uri: ovTnr:krdr

tfioilar
Fr ? r :r r{il {ufl o r a r : 6 uvri flu'u o r rua':1u rh rQio rJ a r (fr a 6 n il/ t oo fi a fr 6 n : )

nqTna il:nTgra fl:n1,fl:f) natflo:oa tutJu

Rainbow trout 2.4-22.2 0-0.8 4.4-93.7 u.5-5 3.4-37.3

Perch 0.6-1.5.7 0-t.2 1,6.8-46.6 r.0-6.3 55.8-148.8

Brown trout 0-25.7 0-0.6 5.0-25.0 0.4-4.4 27.1-82.5

Salmon 7.2-39.3 0-r.3 0.9-r2.8 0.6-2.7 28.6-40.7

Whitefish 0.7-2t.8 0-0.1 5.0-33.6 3.5-39.1

Burbot 1,.9-7.8 0.4-1.4 20.4-56.7 2.6-4.5 45.6-676
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I lo dt o * & - v11.r01[uua1u:1]!41 Lptutf,oa']l,ttotf arfreiruil:vnor:;irnr-ry 3 rirudo fi'r frnfiruavurl
(nrilyl 2)

1) v-r 6o ei:ur.rotflrrnn'ua firfiIo:luTmrurfiur 1 ro flruoduadfitclTF)fla1afiil
v r d < , r 6r u 'r4uodrfrutrrt 1 Inu:rJir{a-nuruvuavflu.roro{?i.ru#.:flrrgrnrjrrryutilrturflotorfar

2) frrrfit (Mid piece) r{lueirudod#narn6i?r:#?ravfi:rJirrrirr 1 rYu!.Jmr11flq
.)uta'ila'l d'nrcruvvl-elilil:vnol6:u ei':u'LlTn:vrun (Microtubule) fiq{Juufluna1{ro{6i?u1,1-}{

#o:r:oleirultTmnarafildlnrulufilu1vnournBu (Mitochondria) uavr6umiToa (Centriote)

3) rarr l:vnoupiru tlTn:r,lqafiGurnlurtjux:orr 6.1 ununal{ 1 d uayrBurrtlu
?.i:orrununarr6n e{ fi.r#nrgrusrtiudrorfil4ririairuurrau.,rrr.arirrlfr i;;;i;;
2s3t)

nrufi z rirartJitriara.:ru

s. uu nfi rB s ri aI: a vro rir 6'n;'lutJ a r
rJoefunr:u?'lrvrdutrJar r{Juorfivrud'nfiair.::rutd"lriflurnun:n:uayos]alyfl::]rnr:

eilaonorur:ufluodrcilrn ruri'lutix z-ailfirirurr rJi:rrunr:ailoona-n.5riruraeirflao,a.:
I d \ rv Jourtrriuld{or tflotornfinr:uvri:vr..rrntarI:ntu#sr'Srl"rryeird TorufiarrymurarnuunfiiEu

\ v s s s i- yyt y u -6lyy y i _ "yL?:a Lil:Lvl1,?ttau!:drlualutuo l:nfr:inuu16'tjourravafirrlryrar'[#ri'uri'rylryuf;u.:#n.5r]r

un6"rodrtrdu I:nrirElofra (Vibriosis) rfrnornnr:frordotoqulnfiriulun{liuiTo Uib1o)
uavl:nrditnTafra (Furunculosis) tfroornnr:frpr rilo Aeromonos sp. r{Ju6'u uunrfiriufirioT:^
"i^.:t--_"-3- r q ,4o u ,q ,o Aou"Lu#nidrriru'lraqjfifruoro-uodlurirfi"tdrnrvu6u.: 

6ulur-jornrrrf;'r* (lun:rfifirflunr:
uurvrf;ullu:-ia6u) uavitunfiGufirluuflourlralnuyairduririfilBlrrutrirrnrin ldu rJurfou
rrqrnraunfi:1u (Al.-Harbi,2oo3) Tnuulnrfi6urioT:erfifrfiuorfiuoefludrurav6uluilorn,rrdro

ilar 16'riri
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g. t uunfi rBtrn{uuuoI:Iu r Lild (Ae romonos spp.)

uol:lluruartluuunfrtisun:lar p-Jviou (nrnfi :) nr.ltri'ri'rtdufrrrrqfiau rdu rurjrjr
eirnaot rjrrfrEJ (nrflfi +) Torufiqruaurifiyrtfi.:rnfruanro-rmr:rrfi z uunfiGun{ldarlr:n
riol:rrlueru rtiu T:nr0or{larord'nrar T:nn:vrvrrvoryT :uavrirtfrrSndnuar 1:rrorrar:r{}urfru
..^ =_{e. -i_. a, y
LLAUnfl Lloytr,l?yu{ (fl 1v,{yl 5) rlunu

nrufi g d'nuruv rradros ur nfi Gu n{l uoT:Tl ruua

(a) nr:6orfi un:ilrosuuunfi rEundlruol:Tluua
(b) ;! irwrol urlnfi uBs ndr urol:Tl uua
(qlirufi n rra sr':nl r{, 2552)

(a)

nrvrfi + ruyeirfivrruunfr riuneilruoT:huua
(a) Lruu't
... Y ^(b) UlLAU

(qricufr rr uayl:vrrri, 2552)

(b)



1,2

n111{fi 2 zua fl r:voaowrl{fr ? rnfi fl o{uoT:Til urua (quirufr n iravi:vrrd, 2552)

14fl ilfrn3

L}.IlJfl

Lnt

ND 0ila

j_ ^ 3nrylfr 5 ornr:frqrf,oa1n A. hydrophito fiuBrrrufr.lyriq
(qricufr rr uavl:vrtr{, 2552)

d4
uur.lnfrriun{luoT:I:rrruaarrr:odol:niu#m'irjr rriu ilaruavnr r{Ju6'u Inurflofr

arur:ariol:rr"[u#n'i loirrri a. hydrophita, A. solmonicida, A. sobrio, A. covioe LLay

A. veronii(Noga, 2000; Soo et a1.., 2007)

n1:ilaaoL A. hydrophila A. cavioe A. sobrio

Cytochrome oxidase test + + +

D-gtucose fermentation test + + +

Arginine dihydro[ase test + +

Ornithine decarboxylase

test

Lysine decarboxylase test + +, weak

H2S from cysteine test + + ND

Gas from gtucose + + +

lndole production test + + I

Escul,in hydrotysis test + +

141.11Ut weak nn:u1
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3.1.1A. hydrophilo

A. hydrophilo t{iu ulnfi rioriol:nluilar nuuav#m{rduran6':truil ToEr uafl rv
--!- a , 3 o t j 

^ d d o ,u 
u

ourlEtlaTrir6n I:nfrrfrna1n$lnfr[iutf,ofi uiun'ir Motile aeromonad disease (MAD)
4 99Y. a 3q < .ja
fl {vl1 [141fl ool n15an t?J0 !unlu tt6td0nfl Funrr Moti[e aeromonad septicemia (MAS; Noga,

2000) rrlnfiGunaeirduvrin:vorutriri'r1r-f1ud.:ur':odoil$ayd'ar{luuunfiGuaruTonra a.}rr1:fl

rioT:nrtrir,rrnrJaro{luanravtrriunuauivLJ!Qfrq'lJri'ueiouiro utiu rrnar:0.r141: qruu4fiq.l
-q, u n X , il A y j j,-j jatnuL! 01Fluo-tJLuivulJtlllvtau.i[Luu141.J1ttuu i?r.rli'{nlitnAoudruornfrufrrrifrraftfial:J1t6t

vlr[ta!arnntf,aLottiun'u Notilonr:frnrf,olarovilornr:frnrf,olun:uua16oq 16oooonuilrru
.4a4aSu<d,d

tJ?vu{ vl0{u?1J a1Lilu uaontdonls1'trutulonrnnnl:hltvro.t firrarituEorn6oruaoraon (nrufr
dV u

6) eitzua'lrioiu'lvnrulu t6'uri viovnrt6uoryr: tm n#uudouavfirr lfrornr:6'nrarLLaunn
!

liraru (Lewbart, 2001)

n r :i fr o a'01: n MAD n : v r,irt6'ri oudr r u r n rfl o r o r n d': o d r lr.J a r rTn !u rf o u d'r s
dd 

^ 
Jrrunfrtiutf,ndu oiurvfituuvarrionr:rir:riflod'uT:n 6o lrr fitnr:ifiodud'ort.frnr:Lv,t.tu

4-:--.y. - -- 9t t ! a, s 4 o o yu d, uttJ0:xilnun1:a{tnFtoln'l:ta{il4rfrrtlu}:odttvd'r'lriYnrcrriJuhJodrlqnfr'oluasuiludr
, i^ 3 "!arvtnq t{o1u:v uv ut:nolaaumouauor rio nr::-nurpi: uurr.Jfrfiruv urav nr:urJHuuur.Ja.l
. v q X qv. 

' ; y tanlflr'lrla'ol"[unr:16ullor'Fr ri':rrBl6'unr:fnrsrnr:lciurr,lflflruvfifiqvrdYnurnirr (Broad

spectrum) rravlilnr:t.J;iout{uruurlfrfiruvfirurrvat lpirrri Enrofloxacin, Trimethoprin-
sutfamethoxazote ttav Amikacin lun:fifitiorvlrrrf;'utfirJarr{iuqiruruillnrfiolal[Lao.i
------+.!-.. e/ r--.+... il , -A .i .q,301n1:ru1a{aun?::UtLUn!a1vltlan{01n1:Uuo0natnUarn'rduufrorir'LrJ rdu.lnr:riitrtl

nr:flo.rriu1:n MAD ddfiar, 6o nr:uunyionr:rinriuuBraruuuvrirdo rEiu nr:rf;'ur
!ar Lut-toUarnr:tdulilarfrrtiul:nruunaln!alilnfrodrrriou t u6ou uonolnfiu-{a1il1:rl
U u \Yv t ,
flotnlu'Lorrirunr:inulFrrunrnrirl#6oduauo T0uril6uudroeirrriouioaav 25 ro.iilo

o u,.3unuorou nr:'LritdulrJalttuultu'tttilu nr:Ynulq6uunfrt#Luil1vailrravn1:rfrilo1nrflodt{CU

lfiutno (Lewbart, 2001)
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(a)

(c)(b)

nrl^rfi e d'nuruvuoqJarfi r{JuT:nr Hlno

(a) ornr:frotlrn
(b) 16ooroo nuB rl ruuato n uavfi .:ra#.1

(c) firyrirruavrndnyanoan

(qrirufr n ravi:vrsr{, 2s52)

3.7.2 A. salmonicido

A- solmonicido rilurrunfirEu[n:]rn! :ilviouduoufirnalrataE fin.:un{r.r
rotrraril:v:rrru t tlln:urn: un t.7 - z luTn:mi: rlrrarufi'uiiovfi:lirrnauyioi
.^1 ^.-..1 - : g ds <tttou05ryluarvr:tduttf,oovu-Inlafinail ?Ja!riuu lilairrarJof triair,runrjrartnu
t4, ! .l y a a a q, a qiq .jI t+ . 

u 
^.iH]taaOuvl Fl0.in1:0ofltuQuLunr:to5ry Lnaur:nuo5cylor"luanrrvfiuloon{rQu o[u14r]:Jyl

uvrrvarlunr:uoirydo 22-25 asqttatfiua ur-,nfiGurfro,finutti'vr-rh.tlud.ruro,aior.ruu*,i1,

ur-iefiGuriol:nlurjathdnuavtjaruvua lorur{luarruntorT:n Furuncu[osis firvrunr:rioT:.
rr{tu:nlur.larrvr:rpfluvrir-iuJ:dutl n.6. 1890 dorlnrrrru-,nlutir.:qqtutfizufrunvqotutrjir,r
nr:rioT:nrfroornurnfiGuzu6nar:frryfiriun.jr "Leucocidin,, (Etliott and shotts, 1980;

shotts and ralkington, 1980; popoff, 1984; Munn , 2oo4) lutirryrtr::rgfi tqao rfrornr:
:vurqtoll:o Furunculosis nYrlurllul:vrynanon*auri'rravuoir:ti drhfionarun::iln-r:

& , cu
rvrrvraufl.Jarru:rrrrioltJ:vaurYuflryrarnr:orsrofiJarn.jrSouay 50 (Munn,2004)
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rJarfirfluT:n Furuncutosis tvrfiordrToruraurvrfioornr:riorl:nquu:.rfiu rJarfi
:- {-- .:.--.--- ! 4 a Y " - <a y j Jrlrltlj0Qu:.115?lJnuttuuljit?6utou1Joilsoilrdr rirri'rfrfrrrilfiu rf,oo.ty.t: #rtJarfiornr:rafin
tvtrifruorrar: 01fl't:i'r1uuonflu'iruBr'r6uTnuniurravlulrnfifiuerr rfiorruzuarflouuEr?il
firvfitvtornfin nrTrlu fiornr:#ordonuasfr'owu ofuxunrulu uiu iflorEiottrTu ittri
-.-a!.-- *^^y^,-y^q-..- -r,. oY-- e e !, d,q u ut'Ju{n:ut1\1u0'lv'l: tu0vlL1ir Ioutavnarurloovilrdon :?r]vl"{olonuil'lu6'u ln firuuas

u 3 ^'- .--{-..4-r.. a d, ...s 6, u y .i - .y J "nallJtu0 Lla1vil01n15tluu5o5to'totfroufluunrdryrrlud'luavlm frlrfiorornufior6onndraru
rfior.Jareiouluoattvlirlrfrlfruvrid6uarulonrariol:n rdu urrrfiriurfrn6u rdo:r tyr:Tmd'.:
! u dt v I t1 t\ yu u o j
t?56 rlJu9]u uarLilLn:un1:5nu1xua1u1ufran (ttao,2528; wiklund and Datsgaard, 1998;
Lewbert, 2001)

3.2 uunfi Gu d\a Edwordsietta

ur-rnfi tBuana Edwordsiello rtluuunfi rBa rn:lra! ;r.ldrtviou nutri'ri'rtltu
Au,,X^-?_.e-a,ydt^...--dg,r"o,sooyac
a{u?n40il tuu tLl.lil'l ilrtdu tiludu itluriunfiu:'urioI:rrlurJarlpruovlir'LrirfrerT:n
Edwa rdsiel.l.osis ffi oilar fr n r{oo vfi or nr:6n rdotun :v ua rf; o no dr r:u u:r rfl ordr rfl o oryr:
.Fr-...- - .i u 4 d 6t a u s X o o,tuutL0iatU0uuit?tur,l?14il.iu5otnanuaqtuavu1u[a6orcioll:nfrovlirlrir]arfio'm:1fl.1:n1ua{il1n

(Lewbart, 2001) fi:rutru'ir r. turdo rfluaruaqfilirl#tJar Turbot (Scophthomus

maximus L.) rfrnT:n (Zhaolan et al., 2007) uau E rctolun ovlirt#r-Jarnn lar Green
knife fish (Eigenmannio virescens) uavlar Danios (Danio devario) rfluI:n (Lewbart,

2001; Kent and Lyons, t9B2; Blazer et a[., 1985) uonalfld E. turdo rjrrjoT:nluou
I o qsa 6 ue
leruliilvrfrnornr:rirl#o-nta!tuauoeal:sirrodr.::uu:.i (Vandepitte et al., 1983; Humphrey
et al., 1986)

a.g uunvr-rionq'u6u 1

uoflalnttlJF]fi 6urioT:nrn{l Aeromonas *av Edwardsiel{o uldr rjlvlurrunfi riu
tflerdufiriol:nr1u*'sr{dr un6'rodrt l,qtu pseudomonas sp. lLau Leucothrix sp. Tnru

Pseudomonos sp. (nrufi za) rflurur..rrrfiriaun:rar ;rJir.rviou rnfiouvilfi vrutfi'rfi'rlJlu
o Y a dt dda{LL?fla0ilLtas[unu tijuriunvrrEuo':ulonrarioT:nrteTtunru :?ill|fi{firuaufi-a{ (pelczar

et a[., 1 986) Torutailrvodtl0l Pseudo monos fluorescens rfl urrunfi Gufi l-nrio}irfr oT:nr6) , .j-?"[urJararutrilfirdu.:oqjlu4'r-lar 
ornr:rorr.Jarfifroufiordurdsrriu qyfrornr:n]nrdooruavr{Ju

uzunnueird'auuir,orr,Snn'ir ofulrnrulufiornr:mnr6aor mruu fi'o.ru.r:r eiru Leucothrix
utlurrurrfiriuvr'fi:rjirlr{lur#uaruuaqrd'rnrvlfi zo uonr.,ntiu Fbxibocter columnoris

dd 
' furlfrtEun'jr 1:er6'rrirlratoT:nnroa-rurBa r{JururnfiuEurioT:nfirirn'rgdnrfioyd,: r_tardrflu

L:nu0vltuzuartrltrrnucirni frldrrJeiouliuruoronarurtluuzuaf;nt6'rTnrfrorri'urjarfiuourir

ornnr:rirt6uwud.l'lucirlqqfioruunfiornrnrl6uurilaqqrnartlurs]tr ilarovfiornr:d'reirt
3- dr a J,t0ttJuunu n5utlJou niou n:vd'un:vriru [avnrurflusilu?ultln rravirul:nla1 (Fish

tubercutosis) rfluT:nrfiifrqx'lnLdo Mycobocteriurn sp. drnut6'ualoluilararurrur"nu,drd
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16u.roq'luq'n:sqn tdu rlarripr rJarturnr rfluoIu ilaroroovl:^iuaorornr:1#uriura6ofiornr:1#
d4Y--

urlu 6o rirrnrind'raoat tilfruo'rvr: rn6nyao fiurzua nr1r]u 'irurirfrorrjnfi uavfioorr:rfrodu
nr:lor-arsnrulu rfl u6'u 0rnrTu, zs+a)

nrnfi z (a) d'nuruv;rJixror pseudomonos spp.

(b) d'nr*ruv;firtuol Leucothrix spp.
(qrirufr- n ua vr':v'rrri', 2552)

urun fi rB u ri oT: nfin o vrju tfl oul r rirur 6ufi uil o ua votar :fildufi u r#n.5rlr LLa u
dd rtrilnfrlSuriol:oritaur:nr-lutflourrur.io1n1fl riu6o launornunfiiur.irur-jorvrrrr6'u.r

tiutot n-.:nr:finurtot A!Harbi Qoo3)vlu'iruunfiriufikYaTn6v{oilfin:.:qv!utr,ir,*,r,6oo

f arflaanzualuavurttauorvr:tollarfraanzual (Red til.apia; Oreochromis niloticus x
oreochromis oureus)luil:stvrntrq6or:vriufinr:luu{ou}.r'}Q1nilauflfi:rufiorrt'ulu
trBrrruor'.rndrr

g. nrflJur{ouuunfi rButurvra'itn:vu,,unr:utir6u-uqiu{.rrirr6fod'n{rlr
q i i 

^ 
q , d 6 td I d 4 auruv1141J{vl01QtnF}L1J5u14':rrtfrlttaattur-rrrtiu6uiuavutirr{q nronr:nicgtotrrtrnrfirEu

.i X. X ..^.{^ 
__- -J _ , { aq !Y01auutl-JOutt'tLu:vutt.:tiunounr::tu:rudrtf,o ouuflottrtrflnl:uuruouflo,ttLLtnilt:uvt

oq]uufirr,rr7trJar raioorofiuunfiriurJuoqjlrrl.rdo#ousiu:nrruvfirJaroqjlurir ra1o.ls
3s irr odo lnl uuo n rr-lriun r:fi'nrur rvrnlula 0 n r: rfirrir rdola r rurirEu ua, uniur6rd,: fio r

q qv dd a q , A"" ! 
",, t d t d yv 4dF]?lJFll.iLllL14ttunilt:uta:ryLu:vvrrtvtrirrilo'Lrinnrrtiuiluruavrurjrifi{ro'tL? Lv,,l:1y$LJoylLiuqvyt.t

6l Y a,d t d"lrincunrnattJiuaoratodx:':ort5: (Nimrat and Vuthiphandchai, 2008)Tnuri'rhttlnfiriu
! Yd6l id 4 d dLa:ryLoelLuanrrviiltaoor vSofrorrar:Ipruronrvriruriordalariliil (Seminal plasma) fitfi

6'lFlolv'lluarutfrnfittlnfiriutou lirl#irrnfiriuro3ryLi'6 rirusunr:finrc1fl-r:Fr.tuFt1fl.r:
toE rytol tilnfi l:'atruv uttir6u ua v ud u{rrjr rdo d'r u nr:ldar:rJfrfi?uuflf,fl rayrr..1u,durjrfi

_. d a, 
^ o d, -jy u s s dtultvau0'lttJuatsjrt{JufrFlotn'suu'ttvn1uIa0ntl{rYlnr:fi'elur protocots rpiufiuuravrrdru6r

rorrirrfiorla'la?'rrJ
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lnuri'rtrJnr:rJurf outoruunfirialudrriirzqor:'.l,dr#rr{rir:vy.ir.:nr:r6uinrgrurirEu
fizuarionrunrvlariJi:r nr:tn6oudvBonr:fifiimrrorariji:r ray:uuuL?arrfi!Ynrgr (ienkins

and Tiersch, 1997; Nimrat et al., 2005, Nimrat et at., zooo) dtr{Juflcgrarfivlulu:vu.jrc
-.^_..^!.g Y & u 6 t u y
nl:[tJtuuulL?,OflO{aa?unitunu (Shin et at., tggg;Jasko et al., 1993) uono1nflfi:lu.t1u
..-^^1 ^Y,^a--.^,--Y-.{- "r-l-?^-e-r..-.--a.c. r 3,--.-+-.-.e-6i ,u ,3 av q , I d'L[aa'i L14t14u? 1u1tu0 fin?u1?iil ttu avlt5ut]u rlloul=zualir"lrid'm:r nr:tJfr auBriulda o sir ar rfi o
oduur

urulzuarrLvrulJrIrJLfl (stoss and Refstie, r9B3 saad et a[., tgaa) driri'finl:dlrolfi.r:
lAd qu A , & dd y p e y

rJflf,ruvrirtritfioaonr:iluttjouflo{uunfrrBu raylirt#:vuyr':arnr:rffu:hrgrrhr,frzoorl..r,d,
!rdqv&,--l-4vt,ad^-._.-rAo,ddqy,:-u
vlt[utul.JLFlu'lutu au1{L:ae}1l.iuut':rar:!flil?uua1il1:nrirrflru5o*irur.lnfruEuld irsififinaln
^^-^"t-.^il-..- --l 4 -:- p, 4 ,adn15UUU{tLUFlvl[5utLFlnml.snuttuounltuottotar:lflfrruv trju penicitlin arlJl:nf,UrY{f-r.t:
LoiruflowunfirBu6'lunr:lirurirfir{Ju Cell wal.l. synthesis inhibitor luurucfi Oxytetrarycline
LLav Gentamycln lirrafirfirflu protein synthesis inhibitor uio enrof[oxacin dryfirfir{Ju
nucleic acid synthesis inhibitor r{]u6'u (wa[sh, 2000; Todar , ZoO3) fr',rriunr:1dar:rJfrfi.luv
f-----.---- Y dd q N & dd td qy
0 { a 1 il 1 : fl u u u { n 1 : La 5 {u tJ 0 { rru Fr yt r5 u Lu ilr ril o vr- r fr u urtj ru u'Lor'

_^_.4-, Y^.^3,^^=^-.---s i ur ryo ilq v d ,dn1: tflu:nu1u1tu0vl0ruunilrir Lotilnr:raao{u'{"h#rrrl:"ifrn:vonfr'uu6'l uavfin:vn n

auva{ rru ua1 drLor:rzuilrnr:Hnurvr'r"turJ:vryrtuayrir{il:uryfl una-.toEi1,irriu
ad 4 Y &udil Q527) unao{tioo'ltrirtfrorJarnutfiuufl'r? (Puntius gonionotus) Tnufinrsrtu

,r''.r0'.r to 6n: o'm:reirurirrfiodou'ruri{Ju t:a rfirlufirduoruunfi 5-10 o{fi1rs,arfiua rru
<ry.t',tu24,48LLav72 tJrlur zuanr:frnurvrr.jrrjrurafl:fi 16 frrrJ:vnorfrau KHCo3 t25 mM,

Sucrose 250 mM uau Reduced glutathione 9.75 mM 1#aradn.jrrhurqm:6u 1 dtfi
t 6d r J d , -ru0:r{ufln1:rnaO1.lvtrvtlnn 760/o,71.o/o aaav 670/o srucirnll tol:uuvt?a1nr:rfruynur

fim Q$il t6'uora ol rfi r.rinrcra riliuto{f a'rfl no u (C. m ocroce p h a tus) 6'r udr ur
qor:rirt1tu6'r6unrulolqruraQfr 0-6 orrtrrrarfiua r{Juural 6 i! udrrjrrlrm:roaouujoirfiud
^^_.^4_ i , 6 d d ,a Yn1:tnaOuvlttav[U0:t{!r]nl:UflffuE nual il'rulffa: 0.857o NaCl. uav Modified Cortland,s
# 1 a'rilr:n rfi uinrsrdl rdotd'fi

tr16fi rr raun ilv (2553) fi nrsr nr:rff ufnrcr#r rdolal0anrfl a (Lobeo rohito) rutu
tdsr

rrtirrtr loruuiltnr:uoao.ioonLtju 2 na:u 6o sroufi 1 finur:volunr:rerf;oufirolartjilrjar
danrvrn'luar:aua1u NaCl, KC[, CaC[2, G[ucose !!au Mannitol finrrlrrjl{u 25, 50, 75,
t00, t25, 1,50, 175, 200, 225, 250, 275 uav 300 mM luunar:avaru nu.irariji:rfi

r dd r ei j o 'rrjoitfrumnr:rnfroufial (10070) luar:avarufifinrrluil{um;r (0, 25 $ay 50 mM) ractu,'
a'):ava1Erfin?1ilt{il{uq{fiu autlilfiuJoirdur{nr:rn6oufiaoral rro!fi 2 lirnr:ufi!inrgr
-i-.&- ' ! r d s " N !u1t1,0!alE6ntvflLtuutttitt{q loudrdrufiolrr6oor{ar:acaru!-lirv,loi ca-F HBSS rrayar:
q lS t'Ln:-Loln:uuntLMu1,i 

6 tfrn 6o Dimethy[ sutfoxide (DMSO), Methanol, G[ycerol, Ethano[,
Propylene gl.ycol. tiav Ethylene gl.ycol. finrrlrrilrriuanfr'rEJ 5, 10, ].5, rLau 20 o/o frrunr:
1dd'm:rnr:aaqruu4fr 3 :v6'r 6o -3, -5 uav -10 o{Fr1r{arfiuasiorrfi vrr.jrnr:1tia1:ava.ru
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l-v'irv'loi Ca-F HBSS ,ifitl 15% DMSO fi6'n:rnr:anqrura4fr -10 o{Ftlr{arfiuariourfi fizuadr
6l Y qrd d r d d d ai d -i
Ly a r! :r.r rJ ru 0 : [ru r] n 1 : rn d 0 uyt 

fl { fr a o (7 B.g 0 t 1, . L o/o)

Hu[ata and Rothbard 0,g7g) rfir-rinrcrdlrdorJartu (Cyprinus corpio)tuanrvl
.!^.v^...-4qYxxrtliltuuaut0oo'l.i-[udlu1 on:rei':urjrrfloriorjrurr{Ju 5 rio a rfiuYnurlu4'r6uqrura4fr o-s
0{61tqatfiuff ulu 45 cirlil{ rfiodlillrrasiniutdan Nldr#rriiofirfiuYnrgrluanrvrrdrduuay
4 v ! , u- e v
rdoorrrirudlurlfio-st:r nr:zuail6ntri rumnrirror nrir ufi oan

stoss et at. (1987) ld'finurnr:rffrfnurriru;f,0larryr:rdaru{.r (Rainbow trout)
rudrSuTnuhiu6oorrfr?uar:avaruriv,lrv,loi vruirn.:rraot,ou,i..t,d.firfiutrin.::rfru s-o

d t 4 oi q y a,d q rdilaa Ha: rruc rfl urrrruurfr oluartJilln'fr ornrnriruruodrr rfi urvlo

Sadd et at. (1988) lirnr:unaolrfiuYnrgrariJiutolrJartu C. corpio) fiqruu4fr +

otrtrtqatfiua x'1flfl't:ilnaocilu'ird'm:rnr:unf;oufirorartlilruavd'sr:rnr:rJfrauBri'ultiivqr

tuTufr 1' LLav 2 flo{nlirqao{ $aueuaaarriou 1 ourfluqutiradlqrnrffuYnrgrtiuru 6-8 iu
'l*ridoifilarrJfrfiruv 6a Streptomycin zua:rrYu Penicittin fifinrr:rrd:rciu so tlTn:nYlrrio

fr aFan: artr.llu4n:rirorlutrar B iuror nr:rfi lfnrcr vwdrartlilficfi nr:rnr6oufi tooyo
aia

tilorfruinrgrurufr't 16 iu ariJiuu-qfiriloirfiud'nr:r-lflauBlrnn.jt BOo/o uravfiuloirfiuoinr:
ro6oufirJ:v11il BOyo

DiLauro et at. (1994) finrErnr:ufiufnr*rrhrdolar Atlantic sturgeon rrtir6uloulri
t6oortar:avaruriv{rv{oi liuuuvru6r uavl#oon0rauarurlniu*r.j..1 ,ildoar:5:orffr"rtri
rflu:vuvrrar sfuTnudqrunrvrrocartJirtriuJfiuuuilar 

I

Satterfield and Flickinger (1995) tri'ritrl'rr;for]ar Wat.leye riruru B mt ur16oo.r.l
6ruar:avarurilirvlofluon:rdru ,hr'f,, 

' 
ar:avarufv,[v,loi t:z nrutundoruruia (ptastic

Rubbermaid sandwich container) tula 11.4 x to.B rru6iln: u#ad.rrfiurudr6ulu6'r6ufi
qruuqfr 4 otrtrttaufiua ili0ilfr'.id'qoonfrrouaryrLvlniu rJ:rnX.jrriridorutiuEufir6ut{r..1u s
iu aur:n|frauBtdilarifr6 fid'n:rnr:r.lfrauBrvirri'unr:idrjrrdoanfiEooonrrlrari 

1
Vuthiphandchai et at. (2009) finryrnr:rfiuinrgrrjrrfi'or_tarnniiuurutirEurfiort:roaou

.i , q

nr:urJauuutJa{fl0{Flrufl'lntordriflorJaronouludrrqnnrarrtld uavnr:r,i'ruurrj:ySvrBnrvl
tunr:rfirfnrluru,,".i,5ro.u#l,,flr{;;i 4 orrrrrrarfiua Torudrnr:finur :yu.jrr16ou
tlur^uufitu6ouilqflAn'lu1.J Fr.11. 2006 ToeJv,ru'irnaoo:vuyrrarnr:6nurrjrnrur{Jun:n-rix

Y &u,o ..jtolurtrloLttttnr:i!duuutlat uasornnr:finu1,ia?Jo{fl1:tril-virv,loi Catcium-Free Hank,s
Ba[anced Salt Sol.ution tunr:rfilfnrgrdrrilotuo'm:rdrutatrjrrdoaorriotiv,lrv,loirvirriu t:t,
t :2 uio 1 :4 vruj r au r : n rfi u inurrh rfi'rld'r.rufr qn ( 1 0 iu) In u n r : rfi u in rgr dl rdo l a r n n o u
utut-ttttltUuvitraraoqiufrn?1:rarsrr:olunr:rJfrauBrtlkjtri'odr.ifil:vfru6nrmfiao 

fr'.:fi
rfiororn:vuv narnr:6'orfirfizuasiod'rr:..tn..lr,^f;orfiuuavnr:ilflauBrordr rQiolarEnqEr
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n1:tfiuirtlelautli:rfi rfiurtiotri'un'r:iluuf ouror urnfi lBu 16'finr:finrsrvrsrlul:v rrn-x$aua1{u:utytFlfi{u

qrjrufr-n raua6uu (2551.) finurnr:ifilynt*r#rudarJarqno-v,lBn-u (Clorios
goriepinus) ur:lrrtitEu Tnurfi!Ynrcrrirrtfloiuu''rsr Extende, dtrirAruavrfiuurr..lfrfiruv
Penicillin-streptomycin nrrutdtdu 0t.!, r ttaa 2o/o uavrfiludr6ut{fiqrura4fi o-l ,0a.,
utatfiua TorufinrgrnT:rndoufitotartJilvw'jr rhr;fofihiuGlurrlfrfrruvl'd'sr:rnr:rndouda.r
! a i^ ., -- u
fran :otawr6ofiu6lurr.lfrfiruv 0.1 uav 1% Inunr:rnfioufiraqnlu{ud z uayrirudofirfilur
f fr fi ruv 2 o/o n.:rr,f; oufi rqniutufi 6 uavlirnr:fi nurrj3ur ruLrau?,f, rl?o{ rrrnfi rionril

r s ,Y e , i-
uavtvtol:Iv:r.Jfr'tviln (Total heterotrophic bacteria) l{iuparoslrrri{uvr' o-z nurrlnrfiGulu
ndu Boci{{us *av Moroxello urethratis l{luairulraqj

qlirufrm $nvnruu (2553) finrgrfi.:zuaro{ffl:aiynrf,ufinrrlrdl{u 0.1, 0.5 tuay 2.5
mg/ml iravurrJflfi'luv Peniciltin-streptomycin nrrttrrjldu 17o rionr:rndoufirravr1ilrru
rrlnfirEuneiutavrrvol:Tvr:lrf.:raloiurirrdorJarqno-v,lBriufiufi!inrcrururutiu6ufiQ6uy0fi 

4
,ur',,*u,fi * r{Ju rraruru 1 0 iu zuanr:vnao.:mu.itir rdorjnr n n;**#;; 

".}rrtqtqn (17'78t3.80 o/o) lutornr:voao$16lurrJfrfiruv penicit.t'in-streptomycin nrurdldn
-. i a

1% {lilnrruutnnrirtodrtfiriurirfrryvrrtafi6 (p<0.05) rirrrrnr:yoraorfirfrrar:arirrrdu uav3 ^i ^-..-y-.? & a oqeu i 
"il!?141:anotluvtnrtuttlduatiluilzualir"[t,to'rt:rnr:unfroufiuorautjilaorar d.:unr:6nrgr

la dd l- Lz1J:1.11il[tlJFlvlt:uf]qiltailtvtot:lvt:ilv'.lulnvlu'jr ylnflflnt:ytFtao.lfirJBlrru4unrfiuiuneiu

tavtvol:Iv:ilti'tulorapratodrtfiriurirn'ryvrrrafrfr (p<0.05) lorurqnr:ilpraorfirfr,ur
rJfrfrrw. eeniciU.in-streptomycin nrtrr{udu 1Yo 61r.r'}r6raouuunrfiriundluavrryoT:Iy:r.j
v Uv

Yl':TtiflLqA{AO
t- to

qUrufrn !!aun6uu (2554r) finrgrfiratanr:16lurr.Jfrfi.luv penici[in_streptomycin

n: u tdr{u 0. 1, 1.0 *av 2.oo/o riodm:rnr :rnr 6 oufi r ora rilfllurir rsf,oilar nvnrnm (Lote s
d.acolcorifer):rilfi.rilslrruLtavtfiato.luurrfirBuvrrtvrrrafiriuufoulurirrdorlarnvyrrurrfirfiu

Ynrgrttl.uuqiuSu ru qruraqfr 4 x 2 ornrrrarfiua rfluurar 9 iu ornnr:finurnu.jrrnnr:i^ r

roa0{vlts}3JU1Ufl1J?uu Penicillin-streptomycin nlrurdldu 0.! o/o uflutonr:unaotfi
uulrvalfianlunr:rfil:hrgrrirufiorlarflvv!.rlJ1?rrlJriridr6u rfiosornfiolsr:rnr:rrldoufiror
artlilrvirri'utnn?uqil (15.00 t 10.000/o)Tpratprnr:uqaorfirfilarrjflfrruv penicittin-

streptomycin nr u triutiu t.o *aa 2.oo/o drt#o'n :r nr : inrfioufi rora lilil uvir riu 0.00 t
0.00o/o ,i',fiurn.rrflaorfirfrilurr-lfrfiruv peniciu.in-streptomycin n.:ur{lrdu 0.1olo eis

41il1:rln?uFllt]ilrruttunfitEuvrtvrvral#aoaluaf;o 1.00 t 0.63x102 CFUlml drfint,r
' durernfl'r{nuourril{ueirn'ryilf iafrfr (p<0.05) niuqonruql (2.00 + 1.00x102 CFU/mt) uav

aur:oriro-ot Escherichio odecorboxyloto, Bocillus firmus, Bocitlus ticheniform6, Bocillus
polymyxo, stophylococcus oureus LLav Micrococcus vorions 16':rorrirn.ittnnrrnn
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qriruvrn LLavn6uv (2554,u) lunr:finrsrFrirdrflunr:finurfirruatiolnr:utir6uuasnr:
rfruuTJflfiruv Penicil[in-streptomycin (PS) nrrurftrdu o.t uav 1.0olo rionr:fifiin rJitrru
utavtlfrnto'ttrr.LnfrrBun{ltavtvoT:Iu:lri'.:ralolurjrrdalarnvvwtm (Lotes cotcorifei fitfiu
:huruuutttir6urflutrar 9 iu ornnr:finurnu'irutJflfl'luv ps nrruu{1rju 0.1olo rtJurpr
nr:vnaotfiuulrvalfraorlunr:rffu:hurdrurioilarnr*0r,. rflorqrnfinr:fifrisruo{firtio
,.i

ua1nvil{lr1?a{Lan 37.1'7 x 2.04 o/o) uaviunnrirlodrrfiriurirdrgvrrrafifr (p<0.05) ri'u
lqn?!n:rrav?JnnlsrnaotfirfiuartJfrfirus PS 1.0% urnr',nd*yo*llserrruulnfiGuoei,
raurvroT:Ivi:rJfirirrvirriu z.sz t 0.04 x 103 CFU/mL firrrtrn.jrrornruqldfiri,iu
3.90 t 0.03 x 103 cFU/mL odrtfrriueirdcyvnrafifi (p<0.05) uavarrr:oriurYtruunfir5u

^ i, X, a f; v
vrntflnfirJurfJouludrrfialarnvvrttrr untiu Bocillus mycoide.s kinruluiufi z ro{fl'ri
ilfla0.i

ar-l-rufrn Lraynruu (2554il finurfirzuaro{a1:arintuilvfl:F} 3 n:r:rr{ldu (0.1, 0.5
ttav.2.5 mg/mL) rionr:tn6oufitorartlirLuavlslrruuur,firiund:.ruayrvroT:Tu:lrfo^u,tu

dr rdoriarono-v'lBriufi r6u:hur uuu rd l6u rtiu rra ruru 1 0 iu u.l6uurfi uu fiuro nr:y oa orfi
rfilarlfrflluv Penicill.in-streptomycin n:rurdldu t-ozo lrrufiqnn?uqil 6o tnfih"jrfiuar:
arinhlvn;oruavotJfrfiruu o'rnrianr:ynaorluiuaorfr'rurornr:finurur-r.jrrjrrdorJarorn
-,.U ; l
0il5t1uvti6lur!flfrruv Penicil.[in-streptomycin nrur{1du 1olo finr:rn6oufiaranrvirri,
1,7.78 t 3.BOo/o firfirrruumnsjr{odr{fifiudrn'ryvrxafrA (p<0.05) rittqnr:yoturofi,fruo.,,
-_u_61. ia- tr j
ann"Luvn:nfrfrd'm:rnr:tnrfioufrrvirrYr 0.00 t 0.00o/o lur4nn:urdl{u uonorn#urr}nl:, t -"; " "'"' r -.-,. 

1

vrpraotfrtfruurrJfrfiruvfinr:rnrf;oufiqrn'jrqornrlnw (13.33 t 2.3to/o)urifijfiqrurumnrix
oeirrfiriurirrr'ryvrrrafr6 (p>0.05) ,irrrJBr.,*uunfiGuneiuravrrvroT:Tvr:r.Jrf;;,fird';;;;.,,
ltnao.:vrujrtqnl:vflaorfirfruurtJfrflruv peniciU.in-streptomr.,n 

^r*,,fu,f, 
,;; il;r,.

dd
aouunfrt5unduravrvroT:1vr:rJri'tr,tlntri4ran (0.02 x 0.00 x103 CFU/mL) :ola.:lrdo rrr

! o' ", " 
t''.:'"- ^av \ 

i
nr:uotaotfrufrlar:arYrrorntulvn:nfinaur{rdu 0.5 mg/mL firJ3:rrruulnfiGundlrovrrvro-
I f ,il a v v 'r'-''-"-"'
1:-fvr:rJri'rrarorrvirfi'r 0.26 t 0.09 x103cFU/mL 6'r#urrnnr:finr*rtun{tfiaptd'.jr1rrnr:
--^--i-jqduYZvoaotvttraltvalfraor[unr:rfilinrgrrjrufiorJarqnd'v,lirTuuuuutirEu 16'uri qofirfi1urrJflfiruv
Penicil.l.in-streptomycin nnurriudu 1yo rfiorornfio-n:rnr:ln;ioufiu.,ntiq; ;,;r;.;1;;;,

ddrJBlrru{unfiriun{luovruvroT:Iu:lu''.:rarorrrnfiaqrfiouJEu!rfiur-rriurqnr:yoao.idu.l

ourl'L:frnuufrolornfinrril6'ocnr:lunr:fi'zuurar:an-ora4u1vr:rfioilorururJ1ilfrfrtuu 6*ir1ri'
lun r:finrvr riotrjosfinr:r{rtfrunr:d'ruu1n:u!?unr:afln LLayFr?rl udlriufi uaulyailro{ff1:
arinlu:rvn:n rfiorfilinrgrri, rdolarqnd'v{iri'uulrutir6utri'oeirtfirl:vBvr6nruriotr1

Jenkins and Tiersch Ogg; t6'lirnr:finr*rnr:rfilinurart]i:rrorrJar Channet.
catfish louiB[dr6ufioruranfrrJ:vtJlru 4 o.:rrrirnrdua pi'rodrtari]ilqnrfiutflur:,u.q*
Hgss rrur-rfinirunr:eirr{oufrr (steril.e) uavtuam: ness vr"tilt6'r.irunr:ei.riflo e.rflfl.r:y}nao.i

' a,d o 3vru'irarililludruran: HBSS fiiil16'r'irunr:*irudo trirnfioufirfrourarr.iruh] zz ri'rh.r ri:u
a riJiuluqm: HBSS fir.irunr:eir rdo udr a riJirr,r&rrauneu?1un fl1: rFrd oufinr utu rrar
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10 iu Tprufinr:rrrfioufiovanarmrilnr:urlusirururosuunfiGu {i,ruunfiriufirjurfloulu
Y & . uv

u1L?J0ua1 Lnun Pseudomonos, Streptococcus, Bocillus, pontoeo, Aeromonos LLav,

Klebsiello

Christensen and Tiersch (t996lirnr:mpraorrfilfnurarijiutjar Channet Catfish
! ^ -.s- -. l qv ? ^ .jdilqcuilnil 4 0{rllttatdBa lotu-Ldan:druriln6*asan:frfrnr:u6lutJfrfiruv Antibiotic/

antimycotic (A/AC) dtfieiruzualto{ Peniciltin 10,000 uflrr, Streptomycin tO fraf;niu rrav

Amphotericin 2s hrln:nYlriofiafrfim: luar:ava'lu 0.9y0 Nact Tnal{urilfrfiruv 2 a?1}r

rd:rdutunr:ilelao{ 6o 0.17o [as 1olo a1nn1:ilnaolylu'iram:n:truil{u toZo fiu.Joirfiurl
nr : tn 6 oufi t ota ttii:ur n n'j'r Trr uluiufi 6 r or n r : rff l;nr*rfi rl: uutat 2oo/o lur ruvdnru
r{lciu 0. 1 o/o a rililuq o nr: rrr 6 oufiluiufi' 5 roc n r : rfi u Ynur



Uilfi 3
Ad o q aV
?fio1tuu{t1u?au

t. viar&'urfrJald?1u

lararrurvrn{alq:criuvrnfirffu:ru:ruornilrirrnrvyl"'utilardr6n drrnaufiafinl
unv dr monruvror d'rrairrtauB

z. iaqqdn:aiuayrniorfi o
I

2.1 qrutnrvrilo

2.2 rrvrfiur$oanoaod

2.3 uaooilr{rlro 0.25 fraFfrn:

z.+ nriorTr,'ll

z.s tlTn:tJu.Jm

z.o atariuav uilutlnalari

z.z n#orlavr::rrri

2.8 6l6u
2.9 n::tn:attrturaa

2. 1 0 nolfi r rmoSuavrov,lfi u:irit,rilnr:ud ur6r

z. t t luTn: rouruar uavn-.: rff uluTm:rquryar

2.12 eirrnruqlqrura4fr

2. 1 3 uriofirn':rld'ulo (Autoct ave)

3. ar:tnfi

3. 1 al:aualutn:ToTn:rvrnumud toiurri clycerol, DMSo, propylene glyco1 uav
Sucrose

:.2 rirurfv,[v'loi t6'rrri Catcium-free Hank's baLanced satt solution (Ca-F HBSS)

uav Extender 7

g.g fidailariJil16'uri Eosin - nigrosin
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iBnr:rirrfiunr:i{g
1. n'r::?u:?ur,iori'urirJaraaru

:rl:rlilovlYuiirJararrulur-io6utrnrirrruo"rrnonriafrnaL uavdrrnovr.ruyto.i
y u 4 t i -. . X d y ,u

z[ t vi n t a u5 ( n r u vt B ) u a v dr u r rd u r"[ritj Yr 0''r riu a n r n u: q #o lluil ri a u ri l dr n r : u n a o r
tj:vlrru s iu ru nrnitrrritnrani nruvivurnrani lrarivrurfi'su:wr (nrnfi g) ornuvu

f;naoillun:v6'unr:fi'ruurtotattJirluord'ruqrrv Terut{soiI!u Luteinzinq Hormone
Releasing Hormone anatogue (LHRHa) fifloyrrnr:6r'jl "suprefect,,tud'n:r20
Ll Ln: nfl/fr lanfu i':ln'u Dom peridone (fr oyrrnr:6r'jr Moti l.i u m) luo'n:rdru s fi afr niu/
frIani:r va-lorndnaoiTrul:v:rrru t0-12 rj':Iur rirurdqrirrarin l-nnrrrurr rioufrovnnEer
X&i.r , t

dr rf, o oo nt r tfi or-l:v rfr unrunrurordr riio Liuri nr:rn6oufr tora riiil (sperm motility)
r iaa^ ,.,.. ri d d aa1u?uaLU:uylltrl?Ft (Sperm viabiIity) Iourfrnuroanoooau3t:rua'r6'.lrollararru trnr?uEo

rirr{or-Jara'l1ua'iluorutv,rrvrdofirl:rrrr',n,do (nrvrfi to) Touipiodrr:v:io:virrfioflo,:flu
----,-..{- 4 u----..+.Y q Y & .i - , y X u " Z !nl:uuLLJ0uu0{ta0n !aa1?u14:0Ur atLuilrutoilrouilzuarioqrunrvldlrf,o urdrrjrrjrrf,or_jar

oia qvY ", .r I

arrufrSnleiri'rvilail'r:?lriu (pooted mitt sampl.es) rfioannrriltul:l:.]urroqrrn..r*r1..lrd,
(lndividual variation) ri'rrdofifiqrunrvrdivirriufiovondrurldlunr:r,{rritdorudru{.: Tnu6'or
a, Y 3 ;--

ttludrrfrofifrdnuruvtr'lduiravhifirfionvio16oprr.lu uavovrlorfiurloir6urinr:rn6oufirar
artli:rrtavrloir6usiarijilfififiinar (rrnnir ao uJoir6up{l rvirriu rfi01fi':iulo.irrcuvri:r
n'',rrru.,,i.rilor-larfrqrunrnfi6 il0fi'urififirIl,drdfin*nrvrd ajruyd'nrnru"fifirrrt{on

Y & .i " r r.:-.U_ { , d * ' l- {-4 ' d \y y a 
---ej

:?u5'll.iu'l t?,0 [v'{0u'l L!vl1U1t{o tttt[t{ lquur rfrofr:?!t?llleurln rfrr:lilurir u{rodrwr n

tilrfru go urfi 1u:sra'j.,orYrrrrn-,rr,irrirrdouduu{t 
!

nrvlfi a (a) nr:6'lrniofi'u{r.Jararru

(b) vr'0fi'u{r-lara?1u
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nlvrvl' 9 n 1 :l i! an1 il rrr n dolrniofi'udt]a r arr u ru nr rritmrBrrrr a n iI

nruviy urnrani lrarivrura'uu:v{r
t

nrufi t o nr:iodr uiior^ior,t'uiir.Jaram u

2. nr:il:y 6unrrn.*tL rdorJararrerI

2. 1 n 1rd:u rfi udn:r nr : un f, ouvr"r o.rrh r;f,0

z. t . t n r :rJ :v ffi u dim : r n r : rn f, o ufi sr o r rh rdo o r n d'a o ei r r #r rdo a o
(Vuthiphandchai et a1.., 2009)

1{16l rfi ufi av or o rfi ufi ufl oaerfi rmiuiltriql nfl r:rfl a o.r unvaruuatari yunur
! v qv a,d cj j-,

tvl o n: v nu"[fia ttlil rnd oufitjorrir u ririun:v o ntjo alari iurirl r ornr: unf;oufinr uklndor
a! o - 

{
aa?15;aufrrira''cturu 10 x 40 tvir nru'lunarh"iriu 20 iurfi (drnr:ynao{ 3 'dxt) Ioreruilra, - -Zu 5u tuut1J1.t:u F11Jfi{U

a,d J ;
atUiiltFta0u:r| I00o/o

a,d ! .j
at!:lttnaOuYt 800/o

A'd .j .j
aLU:iltnaau14 600/o



AId J J
fiL1J5LttnA0UY 400/o

a,d 4i i
6LlJil.ltnAOUl/. 20o/o

a,d q r dj j
at!:uLutflao\"A 0o/o

2.2.2 n1t)lvffi udm:rnr:rn6oufi gotrir rdoornfraoeir.rrh rdo utiufi r
tdi6l rfi ufi avoror rfi urlr r{oluvao orilrtraio Cryotube fi rff r ruti u{rlurn nr:

q

flnao{ri1{ 6'l tJltrrtua{!uatar.i ,uru"'.rrfirnrv6'ulriartji:rur6oufitjo6'rauaiun:sontjqataFi
-9^-.^-----4ei!!a,dadu1tl1nn1:tFlaouvl LnUUlul:Ju,{anl:LFrdouyt?0{Ar{iSlF]uronlito.i Vuthiphandchai et al..

(2009) nrlfindm:ludr

2.2 nr:d:v rfi ud'm:rnr:fi fiisrtouh rdo

z. 2. t n r :d :v ffi u 6'm :r nr : fi fi i m r o.r rh rdo o r n 6'a o ei.'' o t1,, rd, a,
(Vuthiphandchai et al., 2009)

'lrir6urfiurunv#'.ttdruruurualari rauorfiriol Eosin 1 uua LLau Nigrosin 1 1,1uor
Y v qvv u --r_-__ d oi q uqqy o,r oiv<ao rd daa{01utj'l.l,.JfilJL1,1tfl'lfluou'l{:?nt51 tliotJotrluLu[uar[jilfrrjlilfrTnodrduilTmuav smear u.t{ 6l

d q v a q v- o u o, 
t

rrlo"[vrr]uldcyotou riratari'lrjn.irurilartv{l#ru#r :yi.:odrlfiourfiulil rr:roriu'lfr'n#or
r-i o -lav::fl{firita-ltutu 10 xt00 tvir Torsn:voru{rril rfioriruaruyrriloirffuriartti:rdfrflirr

j 
-,r i<<o Ll ra 4, t o,r ! a dy < |

r{ar!:!v11.J1J?nAvhlAnAUOerUrtaur-l5ufrnruosdndeioldrirr (lirnr:unao.:: cir)

2.2.2 nfi1Jls6u6'm:rnr:fi frinso.rtIr rdoornd'aoeir.rrlr r{audurfi .r

(Vuthiphandchai et a|.., 2009)

1{16:r rfl u rrntri'.r udoluraaoorv,lrtuio Cryotube fi urrBu116'orfln1:ilnao.l
td".&ut

rrdri{fiirrfroa{uuatari rauorf;#ol Eosin 1 liuor uav Nigrosin 1 usor arpirudxzuall#r{rriu
t d J ., u ,o-?., Sr ; <jv <a< r d d6 A q y a u v_0u'l{l?oL:1tv!0nuLilLuat!StJvtUtiltrnourfruilTstttav smear ux 1 ufio1#rfiut6'r-qrou

drataritlniru u.lattvilriur#t :virodr}ifourfrulr-l n:roriulolndo{oau5:6dfirird'rruru
10 xt00 tvir Torun:vqru{rrir-rrfiorirurcuvtiloirfiuoiartJirLqlfiam 6sartJilfififiinovtrifio
4y_- , arr j a d, s q , y 

" 
,

a u oil Lrna r!:lvtnr u nndlx loru [uuriau ni{lit n1:yna o{ 3 ci1

3. nr:6nursfi q uavn?1ut{udusorar:tn:IoTvr:runuvrurifi srauryautunr:ufi u
--- _Z & , , d
: nu1u1 [r,oua1d ?'t u ttuu rrrirr{.1

q Y Xau , < A y
Ludunouililimql:vatn ufr oriornr:u:rlrfi n [avF]1'ru rduqiurorar:ln:ToTvr: rvrnuyuli

-4... i o q-r9-rs 
" Y ! r d f , a d.vltvlJluailn0uvlQuulLU[tLunli?irilrtilouu.Llurtirr{r lnunr:il:vufrunrurtlufru (Toxicity

test) to.lar:tn:lo1n:runuvrufi'fifirionr:rn6oufiflo{6riJiil!ara?1u n.rivrnao{LBila.rndl
99od

rirrfror.Jararlufi:?u:uJlrluil (rreshl.y collected mitt) :rr16oorrluar:avaruflv{rv{oid
t1,1lr 1s 4il"lu n r:tfiu:-nur rir rQioilararr ufit6'q r n n 1: finu1nr: rfir Ynrgr rLUU ud rEuro{
f qv <,i .t a[n:lnr:To'uijfr t rTu6o Extender z loufiar:auarufv,lLv{oin-.rndrrovtrifizuan:v6'u1ri
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a,d d .i ;..-r_ I ro 3 J1- ! ard u 4 q r ,jatlJ:lliln1:tna0!vlLLqau L!td0a1{ilrtilolflufraLtJilrilnrfrnrrunrvlhirr_Jf;uuutjat lu
duus

fl ru u Lfr u? flua r :1n :IoTu : tvro uiluf tfl n ri rr 1'fi o o nqrdfl l u uo n rra dra un.r u'lu rradoc n n
d3'r!yavaygjo,

Lrt: uil?ulJl Lou Ltal:aval uu?'ltrloifr [u:J1uailrdt.lri'u ru6'rflwlaurrir riurir ufiafinn 16oorll{
u 3 A qr4v v yriouvrirfl rfrolri"loi:v6'tFr?1ut?i]rduqnfr'rutorar:tn:ToTvr:runrivrulinr:rfi6'o{n1i n1:rdoar.i

Y&,,d
ilr til o n r u ar ia u a l u frl tv'l o i ua v a r :tn :ToTvr : uvr n ruy udrfl n ri r r l lu uri a v r n n l i il fl a o {
- .g- .7 d d s deu , Y &Quvl'l 6 c,'l ilOruyttl.l 25 O{fllLtatdua Lflu1do'fl:rei?t,lfl0{d1rfro : filifivdlufy,lryloi : ar:
r i r ' l;4 , u'Ln:}0lu:tuntLvluvifrtAoorq 

rvirnlu t:t:1 nrulu Tissue culture fl.ask turn 25 cm3 !!as
.l- .4 cJ d --.arJ-.4.-. d ^,t J -i d y elJ:uLilun1:tFla0uY?a{aL!:uvtt?a'trt1{ 1 n'uoun:rvr'taitlilyaorn6oufrufion:vfiudtu O.+Vo

NaCl

ar:ln:loTvl:tvnrrulifilffLunr:6nur1un:s{d triuri crycerot (G), Dimethyt
su[foxide (DMSO), Propylene glycot. (pG) uav Sucrose (S) drar:tn:ToTil:rv]a[rud
,.-,,^._.-a-- q X j--=!-_4 v v, , r.ittnautuFlt{ailLuu1tljovtflnta001.to?ualtauatu!*v{rdoifruyurvfiu (Extender 7) rfielrifi
a?l:.Jtd}.J{uqofrru (Final concentration) rorar:ln:lolvl:rynuyudrflu 3o/o, 60/o, 9o/o, !2o/o

uav t57o nr:rJ:vmuo'mi1nl:tnf;o!firarautjillunr:roao{davfirlu:vrlvr?a1fii1{ "l riu
ra#torn"ldar:1n:Tolm:rvrnuivrudartdluurrdofiqnrdorrr d.:rurinar 0, 30, 60, 90 rau 120

urfi nr:il:vtfrun'lut{Jufrutorar:'Ln:Tolvr:rvrnuvrudfifirioartlildovdrnr:ilnao{ 6 r3.r
.j -e , tyi06uyftr]140{ (r-J:vlrru 25 orrtrttn tBua)

- 6l il-..--. !. qv , _I--l I d a q y yfl'r:rna0{ LutuF)0uUvll Ltau:ruirar:'Lo:10-Lu:ryrrruvruvirfrn"to rraun11il r?ixl?iuri?.ito
!d, 4 4 oqy a,d
frtiJutluuSor,fr"[ria rt]flrrru lir"lrXarlr:nfror:rur16onLal\']ua1:tn:ToTn:uynuyuildr{lufirc
v 6t151 | d i^.{_-., -1., oi 4 o6t-y- < u d f a,a .ju0ul.J'r [1J Lunl: ttijLLfl{ul ttiono Lil uu6olir'Lr,ty:'tuil{d'fl:']n'ti rnAoufrrora rtjilfi:yav rrar
rirt l riurioufiovdrnr:rtdu6r'jrar:ln:Ioh:rynuvrudtfrertn$nun?rilLdilriulnfin:truflu

o d ' .i y ,,!ilufloilrtiloUala?1u frtrio:iauradrfiarur:odtrrt{rJ:vnodunl: Design protocol :uu.j1.i
nr:utiurfilriohJ

4. nrtfi nurErata{da:''ln1:aooruunfi (Freezing rate) uavnr:aua1u (Thawing
-.da, i 

t

rate) friisionl:tnAaufitoqlrr{orjaraarufinirunr:urtiu6.rd'aBnr:l{radorfroaoaruunfi
_-, 3 Y & r_- r a < , y j s
n1:24nu1tl,0!a1a?1uttul-JttlJtLu{ t5ila1nn1:d1d'trfror.iararrulr 16oorrluar:aua1u

, di
Uv{tv'ioifrrvlrvfit (Extender z) tud'm:rai?! 1:1 ud':6rzuarar:'lnr:lolvr:rynruvrufi teirrri
Gtycerol (G), Dimethyl sulfoxide (DMSO), Propytene gl.ycot (pG) uas Sucrose (S) lu
:vrYunrrut{lriuqoni'rufiurnnrirrfi'u ldttn 3o/o, 60/o,9o/o, l2o/o LLaa i.so/o rrdrleiootfl#oej
lunrrsailqa (Equi[ibration period) uru t0 u1fi fiqruranfrrior rioufioynn:?u:xillfl;
vaoav{'l'l (Straw) tu'ln 0.25 fra66rr: (nrmfi t1) ornriulirnr:uriu6td'rurnEorfioan
qtuu{fr (Controll.ed-rate programmabte freezer) d'rnrnfi t2 pirunr:aoo6uy4fr66!!

Two-step freezing alnoruunfrfi'o{ (25 o{fi1rc,arfiua) hjouflr 0 o,lrrrrrarfiua lrauarfl
0 orrrrrrarflua tloufitqruu4fr -40 o{fl'rrflaLfiua Tpruldo-m:rnr:afloruunfi 3:v6'u
teiuri -4, -5 uav -10 o{Frlrc,arfruariourfi ornrfurir6'rodrurrfiulr,iulrtrr,rurua?r{Ju
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iuuur?ar z iu rjrvarrrrrlr:.rtd.urdrnr:avarEi"[uejrriliuqcuraqfi (water bath) fi
qeuraqfr a:vrll6o 40,60 urav B0 orotrarfiua r{Jurrur,ru-,t s iurfi (nrlqfi t:) ufrr

- d ; 
^,d ^du'1il1U:ur:iufl't:rPraol]vlflotanJilnulonr:tol vuthiphandchai et al.. (200g)

nrvrfi t 1 nr:oro6'rodrttiru;f,olara:rudrfrrar:to:ToIu:rrnuuyrurir::oatluyaoov,lrt

nrvlvr'tz nr:drvaonuh.:fiu::lrirrdoulrjur{reiturn6otfioaproruranfr (controtled-rate

programmaure rreezer) 
c '{-



aoLO

(b)(a)

nrwfi t: ( a ) n r : r fi u n-'l o ei x ua o o v,l r o u r t o rjr rd. rni ur6 r nfi o r r a v a r u
o4,td(b) n'r:ayaluu't rlj0ualart uut*1.1

5. n r :fi'erur ru nTuTa 6 n r : uci u6 { rlr rdo rJ a r a a r s a ei r r d r s fr a s n ei a olv{ u

5. t nr : 6 nur : v 6'u n r r u 6 o rta r a r :rlr m fi ru u r c a ulu n r : rff u fnutlr rdo ruti ufi .lUU

il ararr u oEir r ri r u fra s n d a rTl^lu

nr:finur:v on Fr?1:ra{ tLaua n:r^1rurfi iyrLrvarlunr: urd u{rdr rdot.lararr uoeirr
I v , s i 

" Y X ..1-_!,- t v 6, 4 o
'i luFl'l una 0{ Ll'\il.J u:rL0 t nnt:urul tilonrunryldfr:rl:':llror nilofiudr]ararrulr u6oortlu
ar:avarufll',lrv,loi z tflo fifitl:vfruBnrulunr:ufiufnurdrrdoQi,:td'ornnr:6nurnr:
ud-X
u"ruurnr:uflu:-nrsrdrtfiolararruurr.lrurirEuluflfi r fir.irulr leiuri ca-r HBSS uav
Extender z 'luo-m:reirutorrirrdoriorirurr{Ju 1:4 "[u Tissue culture ftask rrdrulr 1lri
^?^4^ - Z- d, 3 d u e dilr rilo tuavdr urzual ttjutilo td ur nu udrirzuarar:lnr:loTn:ryrn uyufifi ryrry ailfitoiqrn nr:
- ,aY 3It'zuurnr:uduuf,triruf,or]ara,lrupirunr:ldrnio.:fioaooruunfr 6o o,raso lrifinrrlrdl{u

qofi'rutvirA-u t0olo DMSo urd:leiaulflri'oqjlunrrvarLqaiequit'iuration period) ulu 10
a i a,urfr frorura4frrio.rrioufiau0fl:?1J:'lrllituvaonv,lrs (Straw) rLuror 0.25 fra66n: ilnuaoor

r 9 Y q e d d Ll r y 
" , !o Y j q q { s f1"1r{[vauvlFl']uFl:L.114uuauLv,l qrnuuilrvaoov,{r.lfrildrriloltou'lulotor'[uIn:iouuvrarfru::o

lunrjodvhtulrl 17 x32x 20 tclu6uLrfl: fi:vd'rrr':r:rarryfiofrruuluTsr:rquruar:vd'rrir.r 
1

riu 6o 2, 4 LLau 6 tqluFmn: tt]urrar 10 uav ts urfi Inurrtyaonilrrt{ruarnmrdrufi
air':f,ulrfipitou'luneiollv,lufiu::1luTn:Laurlra'r Inulrir,raonv,lrra1lo.laloluTn:rx1-Jrua?nrlJU9

:vd'rnrrrarfrrirvuot{ dn:rnr:aoqruranfrtruvlirnr:utju{rovyr:rrt6'Tounr:ld
6 a dA

rlroilrrfrrnoifraur:oiorqruranfrsirn'jrtorr0onu6r (Thermocouple probe) d,iriotiluaro
rrrrir ulu:vnlur,'l r:ranfil6'ndrrur ufrr ufior-o q ruuqfr ryflo:y d'rfr.:u oqluTn: rqu ruarfi rra r
Fl1{ I nu tiloFt'lu?ruosl:1nt:aFroilutril rfroer:lr':arfrriruuprrfluraaaorv,lrlatlu
lu1n:toutua'lulu 5 urfi arnriud.rrorrr,t'.tor',rfir-r:-nurti"lui-rtu1sr:uquuyax (-196 o{fl1
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. .{ -s v 4 - J ! ^,< ^.L1]aLlIua) ulu 1 lJ?Ltt{ tt6:{ttJ:vtiluo'n:rnr:rrrdoufruorartjiurtrile6nl:ror Vuthiphandchai

et al'. (2009)

s. z n r : rfi u in r*T rlr rdor,J a r a a r tr uri ud r o d r s.i r u da u n ei a r1d u

or nnr:fi nur:v6'lnrru4t uav6n :rir orfi rulryautunr: u.ri ufi lrjr rdorJararr uUU
odrt{rurir u neiosTv,lillirl#v:rrfit:vn-r.rnrruarfipmrrcailfiao"lunr:rirlrldlunr:rfiufnur
Y & r q , lr o,4 4 a y6u cu1L1JOUa1a?1uLuna0{Lill ilunto 6 ttufruim: uyfrofrtyirfirlulrr:rouuyar n-.lfiunr:6nur

q Y' 3* ___-___ I , d Y..4., .i a 4 a sLuturl01.Juo{00ntLUUn1:uaao{LauttttttfltdrtilorJala?1ufr:uriu 6 rruFrlm: rr,rflofrtyrir
fr rtu1n:routvar rrdtrirur riri"rfi tiuflrtuinirauLua'rrfl u:yuvirar o u6ou rfi otj:vrfr u
u 5 u a vl fi n 1 il fl 0 { ? 5 n 1 : tn u 5 n ur rir u{ oU a r a r r u ud ur{ t o d r r i r u pr'r u n d o rlyi:r ln ufr iB n r :

r d - j t v v t o --r- c "o & , ^j -ilna0{tuutau?fluv}na'l?:J1t'r'iFr1J LLgruluaoov,lt{fru::nd1rilolara.:ruilraooruranfrfr:vd'r_t

6 lc,ufruiln: rrafiofrrvrirfrrtuln:rounrar r{Ju:vuvrxal 15 urfi ornriu,frurur^r{..lou,i,
luTm:toutraal!'tu s urfi ufrrdrraaoprilrurrrfil:hrcrlflu#rtuTn:rouruar (-196 o{Ft1

rc,ar{ua) rv\0utuLlJ1J0n:1nr:unaouvruasd'm:rnr:frf,imrorauTJitnrli6nr:tor
Vuthiphandchai et at. (2009) yn 30 iu u{ju:vuvnar 6 u6ou

6. nr:irn:rvrivrrrafi6
zuanlsvoaottraott{Jurirradu t nirn:rrnarnrn6ou rraviun:rvvirirvrxafr66'ru

Sr
t!:Ltn:Livll{fi6lFt The statistical program for the social sciences (SPSS) version 19.0

rrJEuurfiuurfrsdoueirui6 Duncan's multipl.e range test Torsirn:rvr,{nrruumnrir,:vlt.iafrA
i-
fr :vnniudrd'ryvrrrafr fi rvirfi'u p = 0.05



Uilfi 4

,{an1Tiloao{

o'l n n'l :fi n B1 tf, q ra v Fr ? r t udlduu o q a r :tn :loTvl : ry n uuyufi a n :si rl 1 filfflu n r:
ttrl ulrltilr tf,oUara':ru drt:rnr:aorqcuunfrfr rulrvaflunr:ud ru{lrjrrfiotJala?tu Lravn.li
ud-YY"
{s!urnr:tfrlfnurrirlfiolara:ruurururiu6t6'euuvrnrfinodrrdruluneiotTv,ll rianl:roao{

- , " ,3
rtan{n{na LUU

1. n?1ilrfl ufi uso{d1:ln:TaTvr:runuuuddfi riorlrrdotJarams
nl:ilnaolnrrur{Jurirstolar:tn:lo1u:rvrnuvrur,idr + rfio 6o Gtycerot, DMSO,

Propylene gl.ycol. LLav Sucrose fi S :v6'urrrr:ldrirju 6o 3o/o, 60/o, 9oh, !2o/o Ltdv !5o/o
q Y s o - J d a,r u A uLuu1u1 Extender 7 [nuli1n1:il:v tfruo'n:1nr:rn6oufrrorariliuya-rat n 16:Ja']itFriTo-

In:rvrouvur,{artdurhrdofiqlnr6oorroTrurinar 0, 30, 60, 90 uav 120 urfi vru.jrar:tn:To-
iddd.

Lr,l i Lyr Fr rryruyrl n': u rUurirgsi o a ltj il urn n ri rl ;u Acd

1.1 DMSO

01 nti a nl:vlpr a ouuu'jr ua-t t6r DMSO a rtlturh rdofi q n ui a o rrvr-ufi (o ur fi )
-Ji
o*m:r nr: tndoufrtlosa ltJiil!a1ax1uuo{vlnn?1il rdldutrJursrnrirtriuodrlfiriui{ro'ryvrxafr6
(P > 0.05) urriffia:vustrarairutrJ ,ro u'.th vruirnrrur{uriutorar:avaru DMSo 3o/o,60/o,

9o/o LLIY tzo/o fir,tfl#o-m:rnr:uer6oufitorartJi:r'Lrjrumnsjr{fiu uriumnsir.iodrlfiriueirdryvrrr

4fr6 (P < 0.05) ril DMSo 15 %o rrnr.lanr:finurnrrurtiufrBro{a1: DMSO dfirioarilil
ilara:ruaur:nrirtilr{Juulurvr{vli$rurnr:uduufir6o ar:ir:o16onld ouso nrurdu{u
oitrrri gyo dt t2o/o uvuriutd' lerutildrl#dn:rnr:rer6oufirarauflilrunnrirrriu pr'rmr:rrfi g

j
tLaufl']1\yt 14

1.2 Gtycerot

Glycerol. n'lrrrt{ucju 370 d1ilr:offlurd'm:rnr:rna'oufirorartlirLrjararrulrfrfi

?.lq:T'lj,rcerol 
n?'r]rLd:rdu 6yo, 9o/o, !2o/o LLau t5% odr.:frriu;irdryvrrsafrfr (p < 0.05)

rirurnril6unr:vnaoroufirua'rnr:r6u Glycerol rtju:vuvr:ar 120 urfi (n.r:rrfi 3 uavnryr
d r+l d'triunr:finrcr"LuoY.ri*rarrrt#ufiu'jrar:rr:n16onld G[ycero[ nrrul{udu 3yo r{Juar:
1er:ToTvl:lvrnituuvl"Lunr:tfiu:-nurrirrflolara':ruuuuutiu{r rfio,rornaur:afnulo'm:rnr:
rFraouvtlJ0{fl 1lJ:}.J Lna{ nl1nru rn:rnuoua urrilfsa'ro'cyurrafr fr ( p < 0.05)

1.3 Propytene gtycol

ornnr:finurnrtrr{Jufrrsto{ Propytene gl.ycol. n'lr:rrdlriusirl 1 oioauili:rr.lar

arrunu'ir Propylene gl.ycot vnenurdr{ufrtrifinur1un*,d (aozo, 60/o,9o/o, !2o/o tLdy !5o/o)
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da , a,d d J .r !ilrlurioartJilsir tflotqrnattlilrJararruu-rnrfid'm:rnr:rn6oufiar (100o/o) d.:uriG16'unr:
U

vrrao{qufirud'rnr:rfil Propylene glycol r{iu:vuvnnr t2o utfi or:rtfi g uavnrmfi t+)
qv d t d - Y & d o$4fl{114t14u11n1:1fllJ:fllgrurutOUararruuwtitiittlaur:adr Propytene gl.ycot nrr:r

YYvd,vce

ur rtu nr un 3- 1. 5o/o I r fizuur rtluar :10:ToTt : ril n ttvtu1i16'

1.4 Sucrose

x1nnl:finurvludr Sucrose n't'rut{tr{u 3o/o, 60/o LLaa 9o/o finrrrut{Jufirsertrsio

a rtJiltiararlurlaofl :s u u r't a1 1 20 ulfi Toufi 6'n :r nr : rnf; oufi tola rtlilqltndrfi urfiu uay
trj unnrjrr osirrfi riurirdryyl{afr A (p > 0.05) fr.ro-n:rnr: rnf; oufi rorarfl ilrnd'rnr:16l
Sucrose t{Ju:vuvtrar 120 urfi vlu'ir Sucrose nrrlrdlriu 3o/o,60/o wav 9o/o firi.rarn.ir

U

sucrose nmlrtudu 12o/o tLdv 15Yo oeirrfiriurirn'ryursafrfi (p < 0.05) d'rnr:rrfi 3 uavnrmfi
lq ttaotl#rriu'irnrruu{]ufiutor sucrose dfirioautjirrja'ra?1u aur:nrirtr]rfluuuryrr
u r d 4 y qv 

- d, unzuurnr:uduflq6o dr"[{ Sucrose rtjuar:ln:Tolyr:rynuuurililnr:kirfiunr:urdldu 9olo
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41nfl 1:uoaocqv rfi utri'jrar:tn:1olvl:rvn uvrudfi + rfr o t6'uri ctycerot, DMSo,

Propylene gl.ycol. L[av Sucrose fi s :sfr'urnurd:rtju 6a 3o/o, 60/o, 9o/o, l2o/o Ltaa !5o/o
aY'[urjrur Extender z finr':rlrflufiudoariJiililararrutts]nrirtriu Tnu Gtycerot, DMSO,

Propytene glycot lLav Sucrose nrrutdldu 3o/o, 3-!2o/o,3-1,5o/o *av 3-9o/o tulryallu
dvXXtd.i.dtvodd,

n1:tnu:flulu1tu0!a1a?'tEJ LLUULLittIJ{ Brsir rfluFiottirurfrnrgrf :vfryEnrvlro{ntlilrtjuarI
1n:loTr:rvrnttvuddonr:rfirfnurrlrrdotJararruriotrl Torunr:finurd'm:1n1:aororuunfr
(Freezing rate) fifi rio nr: rrrf;oufit o.:rjr rdor.Ja rarr ufir.irunr: uriu6ofifr 

^u 
n.rrm u, u

-,U,3
fi.iFr0 LlJu

2. nr:finurzuato{dar1n1:aoqruu{fi (Freezing rate) uasnrtayalu (Thawing rate) vt'
_o_'__-_._+ A i..!._-r-_-_. j, _.._;4 v qv A d ailn0n15[aa0uvtlJo{u'rr$oua']6t?lrJfrairunr:u{ru{r6rsnr: [{rn3o{fioaqqrura4fi

a1nnl:finuro-m:rnr:tnf;oufitorartjirtjara':rufiufrl DMSo nrrurdrltu 3o/o, 60/o,

9o/o, 1.2o/o &av t5o/o lurjrur Extender z lnuhio-m:1n1:ano[u144fi 3 :vd'u tfrrrri -E, -s

ruav -10 orrrrrrarfisariourfi orndurirpr-rodrqrrrfidufirtrTrr,rr,rurr{lu:vusrrar 7 iu
nu'jrnr:16l DMSO nlrlrrildu 9olo rLfluffoQrur,r4fr6'rudn:-1 -3 o{fl.trrarfluadoutfi
a r u r : n :-n u r n r : un 6 o u fi t o l a riJ il rJ a r a u utoio^ fi q a 6 oo/o) ua v fi n'l r l * n n si r r fiu o d r.i fi
u-ueirfrrpvrrtafr6 (p < 0.05) rirnr:rfrl DMSO nrrlrdurjud, uon..,nrfrejrvrr.l.jrufiod'n:r

^i'dfl1:aqocu14tlfr4tf,uutlu -5 $au -10 o{fl1r{arfiuariourfi fizualirlridm:rnr:rnf;oufiror
ari.lillararluana.ioEil.itrn pirmr:rrfi 4 uasnrvrfi ts dn#rornnr:finuroruranfrfi

uranfr qo .uar,*u,fioo
d I d-j q - ! ! 

^rd 
, o-'o -l.llJiuauonlY,|nvlanLunl:inurdm:rnr:rrrdoufruo,lartJi:rodrlfrfiurirdryvrrrafifr (p < 0.05)

-!radu
rilorr.Jiur-rrfruufiunliauarufioruunfr 60 rrav 80 o{Ftrr{aufiera rflu:vuu[.]a1 s iurfi
(nr:rrfi 4 ttaun1ilfi 15) 

I !

druiunr:rfil Propylene gtycol rfluar:tn:Tolm:rvinrrvrudufianr:rfiuin*,rj..lrdt
lararruvttt'ir on:rnr:tnrf;oufirorariliurjararrufirirrioun.irnl:r6il DMSO lorunr:16l
Propy[ene gl.ycol. nrrlrd:rdu t5% uavdn:rnr:anqruunfi -3 o.irl-]t{a[fisariourfi
rl!:vdvonrvl[unr:inuro"rt:rnr:in6oufrtorartJi:rtriqln'jr propylene gtycot n.:ruujl{u
4 -- ^! - .; 'ouuavon:rnr:aooruunfrdu d'cmr:r{fi 4 rravnrufi 16

lutruvfi nr:tfr I Glycerol uav sucrose "[unr:rfi uYnurrjrrdorJararrunujr o-n:r
J i A,d

n1: tnd01:fr 1 ota ttjiuaoatodrtrr noutrifi n: rlarlT :nlunr: rna'oufiluy nnrril u{lciuuav
u n d'n:r n r :a n q ruraQfi d"trTlu n r : fi nurlur,rifl ( r..l r', ofi 4 ua vn r vrfi r z- t a)
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80

G70
;60
i?

s40-!5

=10
20

El0
0

80:
s 70-l:l.* 60l
0:
6 )U1

F 40i'!F lE :to-l
'!G i

E loi4i: ro_l
IL0i

80

870
=60
E50
S40.IF
al0

,1G
c)n
E to

0

DMSO (on:1nr: aoqtuu4u' -: .crurfi )

EtN
8 6o/o

BgN

W ny,

ffi rsx

oMso t6'n:rnr:anquvnfi -5 .crurfi)

Zlv"
EeN

BgN

ffinN

ffi rsx

DMso (d'n:tnt:aoqav4fi -r0 "C/urfr)

B lolo

8 6o/o

Bgyo

W lzo/o

ffi rsx

60

- ^;o 
eo

iselu00tfi grJyl t.i, lunl: aualu (.c)

__-.4 .-- J j , , do X ,

,t't$tvt 1 5 0n:1n'lsrnaouvrrorar{lSuilararru lrd*{l lurirurart: EKender 7 fi rfi :r DMSo

n?lilldrJ{u 3o/o,60/o,9o/o, r2o/o ttas 150/0 ff1{dm:rnr:ano{uuflfi a :vo'u ldruri

-3, -5 rtav -10 o{filLflaLduasiourfi uavavarufio*r4fi +0, 60 y6o 80 ornrrrarfiaa
?ul'luLl4Fl: n-rd'nrg:fioruunfinr:acarut6a:fiuu6nlnmrLurrnrirlodrlfiriurir6'ryvn,:afifi

(P<0.05)

','':tatlutrrnr:uoraolt6rrriuttaFi.io?uruF]nsirrotjrrfifia;ir6'ryvrr.:afifr 
(p<0.05)
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80

s/u
;60
d50
S+o-!F

830'!G
G'N

Ero
0

80

-
.F 60
Qe
cJU
6F40'!F
d:o_!G

9rn
c l0

0

80

8 '70

"F 60
ie
G)U
F40-!F

6ro_!G
g-20
c l0

0

propylene glycol (dn:tnt:aeqat4fi -3 .C/urfi)

propylene glycol (dn: rn r:aorqru x 4 u^ -s "clu rfi )

propylene glycol (dor:rnr:ao oflr il 
Q 

il^ - t O .CUu rfi )

dzN

E aN

frgN

ffi r2o/o

ffi tsx

f,Jlv"

frev,

ffiqx

ffi oy"

EE rsx

" i*L&*!-

iI
jl$fil ' liiiiiiiii:l

", l,,i,ii,,liiiriiiirl" .,dliililiii.k 
.

ZtN
Eev,

Hsrz

ffirzrz

ffi rsx

:vduqunqfi fi 1d1u nlra ynru (.c)

nTvrfi to o-n:rnr:rna'oufito.:artlirt]ararruurrirr{.rtufruran: Extender z firfru
P ropyle ne g Lycot nr.lx.l rsjudu 3o/o, 60/o, 9o/o, 1.2o/o tta u 1 5 yo fftddn: r n r :a pr

qrura4fr 3 :s6'u tfrud -g, -5 rrac -10 o{Frlrflarfiuariourfi uavavarufi
qrura4fr 40, 60 yio B0 o{fl1r1,arfiua

14il'luluq: 6":dnrg:fioruvnfrnr:avarurdurrYuuan,:nrrruurmnsitoejxfiriu;irdrgvrxafim

(P < 0.0s)
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glycerot (dor: rnlraeofl t.r QU^ 
-3 .c/u tfi )

e
i?
G
@

AF

G-!G
c

C

80

70

;60qso
E
@40

.IF

=ln_!G

920
ct0

0

80

'70

;60
qs0
G
6qo

't=
: -10
@

ndE20
Ero

0

80

10

60

50

40

.10

20

t0

0

EzN

E 6o/o

ffi9o/o

ffi rzy,

ffi rsx

gtycerol 1dn:rnr:anqun4l^ -s .clulfi I

[]zN
E 6o/o

B go/o

ffi l2o/o

ffi rsz

-_ 
___r____.-,- l

glycerol ldnrrnr:aoqun4i -t o .C/utfi )

Z 3o/o

EaN

Wgvo

W l2o/o

ffi rsx
1-.----.'--

60

:vd'lq arrqru^fi 1dlil n1: a sa 1u (.c)

nTilfi 17 dn:rnr:to6oufitorartliuilara':ruutirr6flurSrurqm: Extender z drol Gtycerol
Fr?1XJr{il{U 30/o, 60/o, go/o, L20/o LLAI L50/o fftrjd'n:rnr:anqfuuqfi a :y6',r tdruri

-3, -5 uav -10 o{fllt{alfiuasiourfi ttauaualufio*r4fi +0, 60 ra6o 80 olnrrrarfiua
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a
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p
@'!G
G

C

80

70

60

50

40

30

20

t0

0

80

'70

60

50

40

30

20

sucrose(d'n:1n'l:afl qiufl ail^ -3 "c/ulfi )

Elv"

B 6o/o

flgo/o

W r2o/o

ffi rsx

sucrose(dq51fl 'l:anoaru4n^ -s .clurfi 
)

[JtN

BeN

Hgy,

W r2o/n

E3v"

EeN

Esx

W tzN

ffi rsx
'--t--'

60

- ^iou:u91Uotufifluyt [i, tunlSagalu (.c)

s;
o'e
G
@

-!s
=@_tG
c

C ol a a a a a ffirsz
0l .-I- +

sucrose (dnrtnt:anqarnqfi -t o "clurfi )

e

G
@
P'!F
;J
@'!G
c

E

80

10

60

50

40

30

20

l0

0

n'rl'1fi t8 dsr:rnr:tn6oufito.lartJiur.lara?lurLri${{"[urlruran: Extender z fiufiu Sucrose!

n'lruniu{u 3o/o,60/o,9o/o, !2o/o uav 15yo fftcidn:rnr:anqruunfi g :sa'll 16'ttri

-3, -5 uav -10 o{fllr{alfiuariourfi uavavarufiorura4fi +0, 60 raio g0 arorrrarfiua
UJ

14il1r.rr14st: a?dnuiiloiulnnilnr:avarurdarnnuaoxnrtuurrtnrirtoejrlfiriueirdq,ilrlafrfi
(P < 0.0s)
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arnnl:finuriBnr:fiuvurvaulunr:rfiuYnururrdolaralruuututiu6rur-r'ir i6nr:
,dY&,o

uniir{rrirrfror.Jara:ruluuaoov{l{tu1ot 0.25 fra6f;n: fifirJ:yfrviBn1ila{fiaa 6o nr:ldU9

ar:asarulhrv'loi rxtender 7 fi16r DMSO nrrrtruiuciuanfr'rurvirril 9olo rtjuar:tnr:loIn:-
uvnuvrufi Tnsldo'm:rnr:aorqrura4frrvirril -g ,ua'.t,ru,firariourfi uuu Two-step freezing

^u 
u

ornoruvnfr#al (25 otrtrttaifiua) trloufir 0 orrtrurarfiua uaunrfl o orrrrrraufiua trJ

oufirqrur,rnfr -40 orRtruraufiua druorur,rflfifiuatrvallunr:avaruuvirril 40 orrrlrarfiuaqui!

3. n1:fi'ruu1 rvrnTuTaEnr:udufi ,rrlrrdoilaraarsodr.r{ruriasneio.rlv^lu

3. 1 : v 6'u n a 1 !J 6! { ua u d a :rlr u r fi rfi u r y a ulu n r : rfi u inur rlr rdo rJ a r a r r u ud u6.!gU

o cir s dr er dr u neiotlv,lu

or n nr:fi nur:solunruasfi :v 6'u 2, 4 LLav 6 rtufr m rt: rrafl o fr rrarirtuTn: rou ryarlu
fllianorulrlfrufiorrdu6lrjrrdoilararruotjrr{ru6"lunriorTv,h lnuhirhur Catcium-freeqU

Hank's ba[anced salt solution (Ca-F HBSS) uav Extender 7 vlu'irfi:vpir-rnruallunr:
U

a4avt
aorqruuliluvilofrrrair'LuTn:raurua? 6 rrufirrn: rflu:suvr':ar 15 urfi fio-n:rnr:rof;oufi

a'd d.j
tota rtjil 6fr ano drrfr rTuiirn'ryvrxafi fr (P<0.05) fiu:vpt'urrualdu 6o 46.67 o/o ua v 48.899 e u - _-

7o slrurireYL lutruvfinrretattuflofirurirtuTn:rqurva1 Z uav 4 rrufrmn: u{Ju:vuyrrar
d {,d q ^Y & , , a 4 du .j ;15 ulvl tilu1J:vavtfifl'ry{Lunr:afloruunnutto!ararruuttt{l ruorornilo*rt:rnr:tndouvr
Ard v t A - t dutolatiJiruoun'jrfr:vor'u 6 rflu6rurr: oeirrfiriu;irn'rgyrrafrfr (p<0.05) uonrrnfiuu-wll'jr

:vustrarlunr:anqrura4frfizuariodrt:rnT:uo6oufiuoqariiilr.Jararru Tnu:yuyr'ta1n't:aFrc!

qruu4fiuvirf,i 1s urfi finiro'n:rnr:rnfioufirorarili:ratn'jr 10 urfi oeirrrTorrou n-,:mr:rrluu-'

vr 5
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enrl{fi 5 o-n:rnr:rnfioufitosartjirrJararrur,td'tnr:udru{rlrarrrirul ca-F HBSS uav
U

Extender 7 finnuarrvflofrrvfirlulmrrturua? 2,4 LLav 6 rrufitum: Toulti
:vuvrrarlunr:aqoruunfi 10 ttau 15 urfiqU

u1ulaFr5

4a
Fl',t18JA{tUU0r.,l',l

luTn:rrurvra': (cm)

:uuvr'la'laqqruunfr (urfi)

10 15

Extender 7

2 20.00 t 0.00 
u

33.33 x 3.33b

4 0.00 t 0.00' 0.00 t 0.00'

6 13.33 x 3.33b 48.89 t 5.87 "

Ca-F HBSS

2 2.22 t 2.22' 6.67 r 3.33'
4 0.00 t 0.00' 2.22 x 2.22'

6 t3.33 x.3.33b 46.67 x.3.33^

vr.rlurvrr : 6":dnrg:tuuux6'{Lran{nruumnsirroejrrfiriueirdruvrrrafrfr (p < 0.05)

g.z nr: rff ufnuth rdorJaraar Eruriu6rot.ir.x'rEJdauneiorlv,lu

ornnr:6nBrriour,rrirdrraor'rlriurxu'irnr:utiru{rfrriloriruriraram: Extender 7 LLav

Ca-F HBSS fitfrlar:asarutn:ToTvr:runuyrur,Inrrurriuriuanfr'tu tOo/o orrrso fi:v6'unruar
ruafiofrrvrjrluTm:rquruar 6 rrufrmrr: r{Ju:vuvr?ar ,, ,rfi fril:vfrvrBnrndfiqo n..lran*.,
SotdYltd,
u x { vl1 fl 1 5 !: u t:.Ju U: u a v 6 n r u t o I r o n r : *t uu{ r dr tt o ! a r a': r u Fta u ry n f, n or*'l n d r r ttju
:uus!?ar o u6ou vlu'ir:vuvt':arlunr:ufiuYnur#rrdoutiu{rrrolr-iararrufizuadrt#dmilnr:

J -l a,d u dd6 a,d -i d v q uu s
Lfl a 0uvltr 0 {a LU:l.r tLauita:r nr:uti mtoqa utiinfr rfrlfnuilufi'.r1u]fltrauLya'l G1,96 o{fl.1

rtarfiua) apratadrcfrflEreirfiryvrrrafrA (P<0.05) ufiourJiuurfiuurir-rtirsrilfrunr:rutiu{q
sYi'aAa
lprurirrf,orutiur{tfrrffuYnrsrlu#tlu1m:rouruax (-196 orrrrrrnrfiua)turirurqm: Extender 7
a_u--_-__ 4i ; ard u dda a,d , Xil0r}:1n1:LFlaoulllj0{at!:uuasdm:tnr:ttf,lntoraruitarn'irrilulArt: Ca-F HgSS odrlfi
riudrdryr,rrlafr6 (p<o.os) d'rnr:rtfr 6 uau 7 uriodr.rl:fimrlnr:finur1ur,{rdarlr:nrfir
fr'lodr.:uhrdorJara:rutd'ufiur + 16ourvirrYu rirriudrnr:frnr:nieuurn:vrrunr:rfiuYnu.r
YX, td

rjrufroilara'lrsu'rjrr{todrt.dru6'rundorlv{:rriotl rvl'0fi'ruurrynTuTadtunr:ud116rodrr.dru 1q Y d, V a yw'[lartlu{oqa"[#fr'r.l:v nornr:uvrrvfi'udlaraur:otthir rortfruorlorutrirlort{rn6orfioaororuranfrv u i - -- s !
(Control.l.ed-rate programmable freezer) fifi:rnruvltrravaa'ud'u{ouirlonrraraso,.lnlunt
-r3uaqrp 3 ; - j a a, , s d,
tJflUfr Ld Lutruvto5l d.losfr rt]uil:vlutririonr:r.J:s unoi"lduaynr:airra3lnr:rfi'suur rvrnTuTaE

td""&
nr:urju{lur rf, orJarodrl.dru 1 ruri{aulo
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-_- e - - .i j a,d t d a XFl1:1{vl 6 0Fl:1fl15tFlaOuvllJ0{Attl:u!a1a?1uya'tnr:ut*flr-Ludruran: Extender 7 uay

Ca-F HBSS fi:vpiunrttral 6 t.uufimn: urafiofrrrarirluTm:rourya? u'ru 15 ulfiU

r{Jurrar 6 rdau

,d'j
uilrutvlq: Ftltaau + FllFt?'lilnalntnaou

6'r o-n u:lu uu: o{r ua pr s Fr.r r il rn n si 1 { o d 1.: fi fiu iir ficyvr 1 { a A A ( p < 0. 0 5 )

n-r ra rlu uur ! o u tta o { a ? r m n si r r o d r.: fi riu dr d'q1vr 1 { a fr fr ( p < 0.0 5 )

b,1

._f_ ,I c,1
I I l-i?
I li'- 'T'o"'" cd'1
I ['" 1 I l-r". 

r 
T-r ?,1 d,1 c,l d,l c,iI l"i I i I r H--r

1- A^ a i- a ! a J_ q J_lnoum z Loaum 3 rnouvi 4 naufr 5 Fiouyi 6

r?41

Ll Extender T [I ca-F HBSS

tnn

BO
\o

-TF

@6n-v(G

G

-C
F4a
6)6

)\)

n1v!fi 19 dn:rnr:rnr6oufirorariiir.Jilala?luya-{nr:rutiu6r1uri..tu.,qm Extender 7 iuav

Ca-F HBSS fi:vd'r-rnrrrL4.r 6 uc,ufrriln: rvflofrrrafirluTn:uourua? ulll t5 1.Jrfi

:uuuL?al (u6ou) Extender-7 Ca-F HBSS
v t d ols

ua{tLttLL].1 1 1J?LX.J{ 51.11 t 3.51.''l 37.78 x 2.22"'2

1 46.67 * 3.33u'' 31.11 t 3.51u'2

I 26.67 x.333br 11.11 t 3.51"b'2

3 t3.33 x 3.33''1 6.67 x 3.33"'"
4 6.61 t 3.33'o'' 2.22 t 2.22''1

5 0.00 t 0.00 
d'1

0.00 t 0.00 ''1

6 0.00 r 0.00 
o''

0.00 t 0.00 '''

a;2

tftau'vr 1
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m1:1{fi z d'n:rnr:fiflinrotarijitlararruyf,rnr:utiru{l lufruram: Extender 7 [au Ca-F$

HBSS fi:vd'urt2rila{ 6 tc,u6Hrn: u,rflofierarirtuTm:iouryar u1u 15 urfi l{jurrar
6 r6ou

,d,tr
1.111'lUlurl: n1tflAU + nln?tilFtAfOtndOU

fi'r o-nu:lu uu: 6'r ua nr nru un n rirr o dr,:fr ria e{r frri1vr1 { a fi fr ( p < 0. 05)

6'r rarlu uur uau rL6,{ Fr? 1r un n rix o ei xfl rlu dr d6uyr x a fr fr (p < 0.05 )

a,1 .r

::lJ

1::l

r.Il'"^ -
;,, 1ll';

i00

90

5U

G 'to

;60
dc!
np
7= <n
C
CF40

\="(d 30

?0

10

0

5'l Iri{v'l 1

d,1.;-'

I I a,r
1l-lt*itt."tll,.l

:

toEul1 4

;1

r-tI le,zt,-
r I .l

tFrouy] 5

I Exerdu. ? illl Ca-F IIBSS

nrvlfi zo o'rt:rnr:fifiinto.rauilirr.Jararruva-rnr:udurfit 1u#rurar,: Extender 7 ray ca-F
HBSS fi:yfr'un?13rq{ 6 lru6mm: ryfiofi:rarirluTsr:rruuiar uru ls urfi

:vuuL?a1 (16ou) Extender-7 Ca-F HBSS
v t d -sua{|L'dLLfl.i 1 ?J?[:"]{ 94.96 x 1.40 

u'1
9t.78 x !.78u'1

1 94.56 x !.1.6u'1 94.00 t 1.15 
u''

2 86.03 t 3.1.1.b'1 51.40 t 4.48b'2

3 51.37 * 3.25''1 33.74 x 1..05''2

4 27 .00 x 1.55 
d'1

18.03 t 1.26d'2

5 13.56 x.1.10 "'1 3.85 t O.4l''2
6 8.74 x 0.92''1 3.18 t 0.69 "''



Uflfi 5

aqrJuavafi il:raruant:iloaa{

a:ilruanr:unaa.t
q

1. o r n n r : fi'ruur n r : r ff u fn ul #, rdo rl a r a': r u uri 16 { 6'r Er rni o r fi o a or o ruu n fr
(contro[led-rate programmable freezer) v,ru'jrnr:rffrYnurdrrdor.lo..to..,ulrrurrrl.1u
tl.J'lo 0.25 frafr6or: lorul{ar:avaru Extender z r{Jurirurriv,luv{oiuayaliffualu DMSO

9yrt
n:utrjlriuanfr'ruuvirriu 970 l{Juar:to:lo1vr:runuryrul4 filfio-n:rn1:anoruli4frrvirrYl
-3 orrtrttatfiuariourfi ulu Two-step freezing ornqruranfiri'ot (25 otnrrrarfiua)tloufi,l
0 oqflrt'uat6ua tLasQln 0 o.rrtrttatfiua hJoufirqruraqfi -40 o{fl1r{ardua finrrilLu:J1uail
6r u Y X , , d , ^j[un1::nuluru{o!ararruuuuutru{r aruoruynfrfrrylrvat"[unr:asarerrvirriu +0 olrrr
tflarc,ufl

2. nr:t&'zuurnr:ufiufnururrrdorJararruuururdu{roEir{irurirunriolTv,l:r vrl.ir
nr:ldrirur Extender 7 urav 100/o DMSO lunr:rfilin,r,*,d, iunirnr:anoruynfifi:v6'r

c!

Ftl1ila{ 6 tcJufrt:Jrt: uafiafrrrarirlulo:rouruar rflu:vusrrar 15 urfi fir]:v?vrBnryltunr:
fnurdrr:r nr: un6aufitota utiil uavd'fl:rnr:fifii Frrora rtJil Toruaur:n rfir:-nurrir,fio
rJara:rut6'uru 4 tfiou uriodrrt:ffsrr:rrrr:frnr:fi2u1fl:y1J'runr:ufirYnurt,lrrdor.iararru

' d y I r r , q , .i o c l^__.4- e!- 7 N & dt e q yttlj ttu.10 u1{{1ufl'l u na 0{ Lt"lltsto Ltl tvr olir Lvnr:tnlfnurilr tiloumuruflu utas rtlurloua"lra
u4,-l-,!tpi!:vnolnr:rurrvr,i'uiirJaratrr:ntrJl4rl6'uo,rIn ulri6'orldrniorflaaorqruu4frfifi:1Fn ur,,i{ rau

aalld'udoulfionruavnrnlunr:rJflrifrlfludufioir firrvfirtlurJ:vTurlririanr:rJ:sunpllduay
n r :dr rair n r :r,i'erur ry oTu1a 0 n r : urti ur6 lrjr utlor-ln r o dr ri r u l urri {aulo

ofitJ:rsalanliiloao{l
1. nr:ri'zuurnr:rfi uinurt1rudotjaramuuqiurfi rdasrn6orfi oaooruunfi
o r n n r : 6nu1 o ?'r lu{J ufi ur o r a r :tn :loTn : rv n ruvr udfi : r au. r, r,dldu ri r r 1

4drdq46
tv'to t{Ju un ruqn"[unr: 16 ontf,o utas:v prlu errrer rriu{ur orar:tn:lo1n: ryn rryruliuav:s a v

Equil.ibration time rrfiotfflurYumouurdu6wuir Gtycerol. u{Jufrrgsioartjillara.trufi:vril
vvY,

n:ut{tt{u6'trr,ri o-lsyo nrutu:ct;vtrar 30 urfi drlrierr:dr Glycerol lrhTtunr:uriu{l
Y & 4 qri) u y v i,rirrfro v5onr:[rTlu:vorlun:urdudum'r 1 uavLfrfi Equitibration time ufiulrirs#u 1 1-2 urfi
4 14 rd

tt5oLttiltau dru Propylene gtycol, DMSO LLav sucrose r{iufruriortaiirjosn.jr Gtycerol
4 d ^ d u - 4, i ^,d & , y e

Fl1ila1ou n0 n'luLu 30 ulvt ulvllon:rnr:rndoufrrLorartJilrilrrri 77-97o/o nr:uqaornYrfl
.4. dr 4 u u d t t d , y !L?\0ruufl'l:1J0{nu0uet:'lufluarr-l5l:vyirln:ylrunr:udtr{r ayorrnqionr:u::lrjr16oal

, u r * uu r rYr n o ulu n r : a o q ru uq fi fi rlo r n r : a o q rura 4 fr r a ml n : s d'rl er r u ud:r du vr io u n-ulu
d r .i*

n:r':tdursiorafitTrl:rrn:l 6.:rirrauolrifi Equilibration time fi 1O urfi fitrirqsrtlurrarfiar:
t1 _.i-l t t v t . y ALa:LaLfl:tvlFrttvtuvttlvlitttrdttaau6r uavrrfrot6'nn'luuu]:il:ruornrJoo-uiurLortf,nuay
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Ft?']iltliil{ltotar:tn:loTvr:rvnuuudfifizuarioqrun',*oruri.,d, 6o,irnr:ynaouriuar:ln:10-
s d& ^ 

t e
ln : ru n uuuyni'r q rfr n fi u n :v d'l nr r u rdldulutium ou nr :a no ruunfr

< 6) Y, X' q y d , 
t u

nr:6nur [unirruarxlfi ir]u'irar:auaru DMSo fi nru rurrvarlunr:rff rynur
rirrdor.Jararruttutttttiu{r tfiortrnnr:16r DMSo nrtrr{l{u 9% uavanoruynfi6':ud'n:r
-3 o{fl1t%atfisariourfi arilr:nfnrsrnr:rnf;oufitalautJilrJaratrut6'6fiq, (uooo) uu,
ttnnrirtodrcfifiurirfrryurtafrfi (p < 0.05) rilnr:16l DMSO nrrrlrri:rrjuduLLayal:ayaru
^,:^1^. s--^ --r- 

ou 
< , v Nau1io0u {laoon6orn'tnr:Hnurriouyrirf,fr:rsrru'irar:avaru DMSO lfluar:ln:ToTn:

uvin rrvrudfifrulrirurtfflunr: ufiufnrcrrir uiYoriaruudufir uuavhi'zuanr:ufflinrgrriruiior-lar ruriru{r

dfiaor (u6fi, zszz; itm,2539; Mongkonpunya et a|.., 2000) Toru:y6'unrurdldufi
t1i1].r1ua3.rF11:oqjludx B-107o (rtffi,2539) TnurJnFuu#rrf,pruav:spYlnerlud:rdurio{a1i

tn:ToTn:rvnuuuduav:vuv Equil.ibration time fizuarioautJiurJarurriavrfrorrunnrirtriu r,riu,dYx
nr:utlurrrilrtflolarnntvA (Clarios goriepinus) nujrufiold Gtycerot fi:vrriunrrruurjldu sozo

:vav Equi[ibration time utu 60 urfi artjirnruualnr:ayarufidn:rnr:rnfioufiraf; u 4Oo/o
c ! av'[utruvfrnr:"1{ 

Gl.ycerol. :vrYlnruududu 110lo LTavTUUU Equilibration time 20 urfi artJirL

nruua-tnr:avarufio'm:rnr:tXn 51.2olo fir6rn'jrnr:'[d omso uav Methanol u{Juar:1n:10-
Tu:tvrnrtrvrur,{ (Steyn et al., 1985; Steyn anO Vuren, 1987) d'lunr:finuruoq Linhart et al.
(1'99, nujrnr:l{ Glycerol :vrriuo'rurrir{u 10yo :vuv Equilibration time r;1u 20 ulfiq ,aY !
t!n1:uuL[1{u'lL?JOUa'] European catfish (Silurus glonis L.) vluo-n:rnr:undoufitolartJirL
tfiat t57o ,.nrln,f, Mongkonpunya et at. (2000) 16'r6orlorhdr,.lu..lfrn(pangosionodon
grgos Chevey)'Lurjrur Calcium-free Hank's Bal.anced Sal.t Solution frfi OHaSO u6o
Methanol fi:vo'l 57o r,16o 14olo vluirfi 5olo DMSo arilillarfinfiopr:rnr:rnr6oufi:lnn.ir
viorvirriu 50olo tpiuru zz ri'rT:rs rruvfi 5olo Methanot finr:rnfioufiaprarr5rn.j.urn do
du 4i f,ilo'ot:rnr:tn6auvrlrnn'irraiorvirriu 50% teiuru +a flrTu{ drufi:vrir r4o/o frt DMSO

tua v Methan o|. h^iut nr : rnfioufi rola rtjiln r ulu 20 urfi
o r n n r : fi n ur o-n : r n r : a n q ru r,r4 filu n r : ud ru{ r rjr rdo il n r a r r a vr uj r n r : r fr r DMS3

n':'uuduriu 9%o tLffvfirt0ruvnfi6'tudn:r -3 o{flrr{aufiuariourfi aur:oYnurnr:un6oufi
ard , qyal r du o utosatlJillaraeru'Ldfrfraerodrtfiriar{rrYryvrrafr6 (p < 0.05) ruavtilriol#rfinnr:rlfiuuuilar

vil{nlun1v!tlruvdcnr:asu,urj,td, lutruvfinr:rfrl Sucrose ynrr:urdldurrav propytene
Yv^-: 'uvglycof nruudlriu 3o/o LLdv 6 7o finr:rildsuulatvirrn',unl*or.lrirrdonruyd'rn-]iauaru

s 3 3 o-
lerorirrf,ofidnuiluLtunt{Ju 2 eiru 1 rafiru{Jurirla 6neirurafirduiufiur aoornfrorriu
Mongkonpunya et al.. (2000) fi:rulru.irrfiold sozo propylene gtycot rfluar:tn:To1vl:uvrn

dq"Y!e
ttt'tuvt"lunr:lirdrrfrolarneil Pangasiidae nl'jtnrsy#lnr:arnrsrjrrdo fra-nuruvu{Juiu
(-lell.ed semen) i{lufirirfr'.:rnn'jrlunr:vrnao.rnirfirfiold propy[ene gtycot. firrr-r.rru

v Y u , o d y! u

utirrluqt l hir,4rlrhirrfioudru{rnruvd'rnr:avarufid'nrsruvrflu{urvrfioufin.:rlrduduoir 
1

n r : rr.J d u u ttl a t 6't n d r r u-rtri vr : r ui r r fi no r n a ly nln fi r n r : o vt6'fi n rcr uli u rfr il ri otil
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2. nr:fisuurnr:rft uinrgtlr rdouaramuuuu rrriudsoeirtdrsdran6ioqTv{u
4va5iaX-X

s1nn1:Anulo'm:rnr:anoruuflfr Ltavfim:rirurfi ru:rvailunr:rffufnurrhrdoutiu{.:
rjararruodT s{ru6'rern6iotTr,,tl luriru i 2 qffi 6o ca-F HBSS uav Extender 7 fiufrlar:ayaru

ru

ln :ToIu : rvr n uvu dnr u uilduq or fr'r u 1 0olo DMSo vlu'j r n r :a o q ruun fr fi : v rrn nx lil a.i lufl a

frrvrirtuTn:teutua? 6 ttufrurn: u'ru 15 urfi td'zuadfiaerodxfiriueirdrpvrxafrfr (p < 0.05)

luqm:uretr Extender z aaondarfiunr:yoao':totJfrrXcgr Qs4g)fil4rnr:unaorurdru6l
3C, <

rirtilar.jarmctfruutr? (Puntius gonionotus) odr{druToruaorqcuyerfrfi:yd'unrrlalrufla
!!u

lafirrafirluTm:rautua? 6 rtufrtum: vru'irartjirr.Jarrrvrfiuurrrfid'n:rnr:rn6oufidfiaer
rvirriu gs.soolo uonolnusudcgtd tzs+s) 16'frnurnr:u.riu{rdrrdor.lararru 1r,u1,ilan:thur

U

Extender 7 ttauat:avarutn:ToTvr:rvnuuu{ 9olo DMSO fio-n:rnr:aooruranfr 5 o{Fl,)iU
drd

ttaufruariourfr uav 10 o{Fllrtarfiuasiourfi nu'iraur:nrfiuYnurrirrdotduru 9 r6ou
s olq, aoqy l, uo d dlo uflr'1il n r:a oo ruvrnfrr,{r'[fi't or rvta rfl1uuo n [ra cirrJf; u ua nruv rtludr rrfi r ua vfirol ryar9U

urtdruuvldoonuonttaeilfiolYualqa urndm:raororuranfrdrrfrulilovlirhiuraeirjiu6'ruruq q u --_

rfrutr.J aitzual#rtaeifinr:qryrf;ufruavnrruuir{uro.:ar:avarunruturraiiq.:ufruhJ rrrfr',
- oq9a a uo d 6l toqy dlyu v t q d0')4il'lLutno tnanul L[fl.itl1u Lutta6li1ltattaa Lorilo'urt:r u odrr'L:frrtun1:aaotuunfrodrr

d a q , o q e a a Y 6 q e.4 d, o , 
t u

:':nt5rtnuL!ovlir[utilntndnurtt{rnrulurradf,lrtiu6'un:ruriouraeirtiuriu (Denniston

et at.,2000) riaersl#lliufirn':rud'uu'ud:vv'irqnr:anoruunfrrrayiyuurlal :ufirnrr:r9V

tdlriutoqar:ln:ToTvr:rvrrruvrupifiov6'orfinrurvrnrralriorir rdoduovlirlrfrnr: ruriu{rrir rilo
rJ:vauorudrrSo
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:-nur uru uti ufi rlululm: rrr,ru'rq *r4fr - 19 o orrr r rra rfi ua fi fi nr: rfi utuTn:rou rua.:o drtqv

ailr talo o sa r lr: o tff uYnurtfld'n a oertil rfia r o r n u{Ju o ruranfr ilillirhfirraiia uili:r lfr er
!^tqr

oum:ruqtnnr:tlduuutr.Jattrotqrur,t4fi anrvrurrflrunfiltavnrunril Tprunr:l4rrrutolttadl!

fid'n:rrfluquti (wotr and Bryant, 2000) dwirlrXrhr;fofirfirLiflulu1rr:!e!rua? (-196 orrrr
rtarfiua) fiqrunrud

< 6l H 3a, u s s d d u "o N , .j oosnr:6nul LuFl:.tuttjunr:vlruur tun LutaUnr: ufrlinurrir rf,olararr ufidrl#rnurlin:
ar:rr:nrjrtrJl{ri:slstrildlerutrio'r r{Ju6'0.:fi'o rnio.raorqrur,r4fro'mTu#6d.:fi:rn1LL}r{}.nn uas

uvyddX-l-J,
aa'uq'u{ou utavfrnrr:ravonnlunr:r.Jflrifiifludufio3.: fr.:rvfiriJurl:yTuc,dFionr:r-l:yunoi'td

uuavnr:cirraBrnr:vTzuurrvnTula6nr:utiu{uhr;forlarodxjra l urririaulo 
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