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ABSTRACT

This present study examined the feasibility of cryopreservation of striped catfish,
Pangasinodon  hypophthalmus sperm. Two  studies were carried out: (1) the effects of
cryoprotectants and combination cryoprotectants on cryopreservation of P. hypophthalmus sperm
and (2} the exceitent treatments combination cryoprotectants from the study one, which showed high
fertilization rates and did not difference from the control on the cryopreservation of P
hypophthaimus were applied to cryopreserve P. larraudii sperm and investigate the effect of
freezing rates on cryopreservation of both species. A controlled freezer (CL 3300) and Cryogenesis,
version 4 was usced to regulate the rate of freezing. Sperm were frozen using French straw (250 LLL)
and stored for one week i oa liquid nitrogen container. They were then air thawed at room
temperature, and the effect of cryoprotectants and freezing rates on cryopreservation of P.
hypophthalmus and P. larnoudii sperm were assessed. The fertilization rates of striped catfish
sperm achieved with these three combination cryoprotectants {10% DMSO + 10% DMA, 10%
DMSO + 20% DMA or 20%DMA + 53%McOIl) were not significantly different from the control
(fresh sperm), (p=>0.05). These treatments were applied to cryopreserve 2. larnaudii and found that
fertitization rates among three treatments were not significantly different from the control {fresh
sperm), p>0.05, but fertilization rate lower than the control. Fertilization rates of P. hypophthainius,
resulting from $ and 10 °C min" were not significantly different from the coatrol (fresh spermy),
p>0.03. Similar result to the P. larnaudii, which showed that at'5 °Cmin” of freezing rate with the
combination cryoprotectants of 10% DMSO + 10% DMA yield similar fertilization rate to the
control. The results from this study indicated that combination cryoprotectants used can be
improved fertilization rates of Pangasiids fish. In addition, increasing freezing rate up to 40 °C min

resulted in decrease of fertilizing ability of both species.
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ABSTRACT

This present study examined the feasibility of cryopreservation of stniped catfish,
Pangasinodon  hypophthalmus sperm. Two studies were carried out: (1) the effects of
cryoprotectants and combination cryoprotectants on cryopreservation of P. hypophthalmus sperm
and (2) the excellent treatments combination cryoprotectants from the study one, which showed
high fertilization rates and did not difference from the control on the cryopreservation of P.
hypophthalmus were applied to cryopreserve P. larnaudii sperm and investigate the effect of
freezing rates on cryopreservation of both species. A controlled freezer (CL 3300) and
Cryogenesis, version 4 was used to regulate the rate of freezing. Sperm were frozen using French
straw (250 LiL) and stored for one weck in a liquid nitrogen container. They were then air thawed
at room temperature, and the effect of cryoprotectants and freezing rates on cryopreservation of P.
hypophthalmus and P. larnaudii sperm were assessed. The fertilization rates of siriped catfish
sperm achieved with these three combination cryoprotectants (10% DMSO + 10% DMA, 10%
DMSO + 20% DMA or 20%DMA + 5%MeOH) were not significantly different from the control
{fresh sperm), (p=>0.05). These treatments were applied to cryopreserve P. larnaudii and found
that fertilization rates among three treatments were no significant difference p>0.05, but the
fertilization rate was lower than the control. Fertilization rates of P. hypophthalmus, resulting
from 5 and 10 °C min were not significantly different from the control (fresh sperm), p>0.05.
Similar result to the P. larnaudii, which showed that at 5 °Cmin” of freezing rate with the
combination cryoprotectants of 10% DMSO + 10% DMA resulted in  higher fertilization rate
compared to the other freezing rates 10, 20 and 40 °C min’ (p<0.05). This result was not
significantly different from the centrol (p>0.05). The results from this study indicated that
combination cryoprotectants used can be improved fertilization rates of Pangasiids fish. In
addition, Increasing freezing rate up to 40 °C min" resulted in decrease of fertilizing ability of

both species.
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8¢ °C 30111 Straws 081910 Cryochamber 1d 2 v Tuda Tu Tnswiumarfgangf -196 °c i

o Pl s 3 X ¢ o o ~ a w A P
TreviIan l @'“IJQW’TﬂTﬂuu‘lﬂm}'ﬂéﬁﬂﬁJ\‘]Ul']J“i“]ﬂﬁE]‘lJWTﬂﬁﬁ']ﬂ131J{]ﬁUﬁ BATINILATDUN LD

MNMIiEInvosngas 1
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AN 4 UHUASNAR D IHAYDIFI Cryoprotectant LLABZHHA LAY combination cryoprotectants

ﬁﬁmmamsmmmgmmmﬂmmwfﬁﬁmﬁﬂmmm

Treatment @11 Extender @19 cryoprotectant
lﬂ- . 0.9%NaCl B 10%DMS0 *
2 0.9%NaCl 10%DMA
3 0.9%NaCl 5% MeOH
4 | 0.9%NaCl - 10%DMSO+10%DMA -
5 0.9%NaCl 10%DMSO+-5%MeOH
6 0.9%NaCl 10%DMA+ 59:MeOH
7 0.9%NaCl 10%DMSO+20%DMA #
3 0.9%NaCl 10%DMSO+10%MeOH
g {.9%NaCl 102 DMA+10%%McOH
10 ) O.Q%NaCI_—W 20%DMSO+10%DMA
11 0.9%NaCl 20%DMSO+5%MeOH

12 0.9%NaCl 20%DMA+5%MeOH

13 {Control)

=Y é =
M5 AATITHAANMIIana

1 o . . y
cl%umima“ﬂﬂE!ENLL“H‘UQ&J@T?JU‘J'EM CRD  (completely randomtized design} NOUMNIT

o

o o W Sl o o ¢ 4 A ™ 7 4 o
wnngianunlilion idoyadlesiduannlfaus nlasiruaniamdoun nazledidua

o ey

3
15 30EInv0egd Iunnaznaamud 11 ransformed Tas149% arcsine  transformation 919171
=t = ) 1 o
wSnmivukaveams Cryoprotectant 1102 combination cryoprotectants Tundnzvimuud lag
= o et 4 1 1 ' =
A AATIZHA ML SUT IMnY One way ANOVA immﬂif}ﬂl‘ﬁﬂﬂﬂr.]WltlmﬂﬁNigHQNFHLﬂﬁfJ

= o me = o v s w A 9
UBINTANUA 19T Duncan’ test NszAauNodAnh 0.05 Taoldlalsunsi Spss

mMInaassf 2. HavaWBATNMInngundl (Freezing rates) Nilpademafuinytiuie
dmanelasdFmisurud

IINMIATIVADULOAATTHUITAT INITANQUUNINLUANATIIN UL TIWBADOATINAG

a
y

'IJ{]’TL!‘E“U@il!ﬁﬂUﬁ HTJ%?%‘lJ'JUﬂ?SLﬂUiOHTHWL‘U'EHJQ’] L‘lﬁllﬁfi "’IN Gl‘lJﬂ’!?‘ﬂﬂﬁﬂ\Wl 24 %\‘1

Iz

Lm'g'ﬁﬂ‘nﬁjmﬂ‘ﬂ'm'ammmmmmmiaﬂqmwgﬁimﬁ one step freezing rate ﬁﬁzﬁ‘uqﬂmgﬁ

¥
o

A199) fudeil S, 10, 20 1ag 40 °C min ONIZMIBATIMSaAguN)IAvuzause 1 Tagang
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A = faig ¥ - ! W ! A v
donnisuuanldwamsinu ivanaiunauadigulunisvaaesil 1. daii [10% DMSO +

10% DMA, 10% DMSO + 20% DMA Uas 20% DMA + 5% MeOll] IANHIRIHAUBITATING

'
<1 e et 1

ﬂﬂqmwQm‘nmamamﬁa%ﬁ'ﬂynf‘wﬁmlmﬁ'awsﬁ@eﬁ%frﬁwﬁuia Faituaoumsnaassds
1) ﬂwﬂngaﬁﬂﬁmumm3';nﬁauﬂmﬂ']Wif‘lL%@nu%’mwﬁ'aUm3 Extenders (6.9%
NaCl) Wuasidrunindoandoms Exender 1FY 13 wdsomuidiuas
Cryoprotectant (DMA, DMSO 110 MeOH) fissduanmumdududis o daununis
nanpuuduayal (CrRD) luasadi s
2) gamsazaiotiieluda 1103195 230 ul Tanaen French sraw Tnol#lasil

nlaudtlavnon Tauld Heated hemostat

a 1 =y =) Q:lw == G dy
3) 17 Straws 1da 111 Cryochamber Yarh iRongavpiindeansfnuiail

U

+

¥
.- a el =
3,10, 20 30 40 °C min ' 21714 Run program VUOUHAUN Freezer control 01 -80

[

°C 34191 Straws 881910 Cryochamber 1321 iy lugaluTasoumasfguwgi -196
°C mmfuﬂufwﬁawﬁﬁa‘laJwﬂﬁaumﬁmnmaﬂﬁﬁu%’ farnsnfoui uazdnmsd
FIayp 070 hi
AT S UHUMSIARDIHANEABATINTARMNAT (5, 10, 20 uaz 40 °C min”) MiiHases
Ausnumiidelatee T 0.9% Nact fuens Extender $2ufums19ans

| 3§ ] T o 1 .:;
cryoprotectants ‘ﬁclﬁ Nﬁllhimf‘i@}\iﬂﬂﬂfj‘llﬂ?UQiﬁﬂﬂﬂ"lleﬂﬁENV\ I

Treatment Freczing rate (°C min ) combination cryoprotectants
i 5 10%DMSO + 100/;;DMA
2 10%DMSO + 20%DMA
3 20%DMA + 5%MeOH
4 10 ¢ 10%DMSO + IO%DMXW
3 10%DMSQO + 20%DMA
6 209%DMA + 5% MeOQH
7 : B 20 10%DMSO + 10%DMA
8 10%DMS0 + 20%DMA
9 20%DMA + 5%Me O
i0 40 10%DMSO + 10% DM A
11 10%DMSO + 209 DM A

12 20%DMA + 3%MeOI

13 (Control)
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2 d )
MIIATIZHHAN1IaDH
o o a o e 1 g o .;v r_‘? E
WATIEHHAYDISRsINTannM il ndrasemnAuT Ny i ureUaenlagisununs
[l = o
naad UL Ysal (Completely Randomized Design, CRD) Twsiziniunlsilsaunay

! =3 1 1 ' P 4 ey
One way ANOVA tazia/$uinilena nuiana 195e i undouo ansulua 19895 Duncan' test

' '
f= o a (=3

nszdindinh 0.05 Teeldlilsunin Spss

Yaunlyw

2 . R oo . =]
NEANHINAUDY Cryoprotectant 1A% combination cryoprotectants iralumsiuiny

=

@ 3
< a ) ' 3w
tdoilanlaun n (Pangasivs larnaudii) NazHATBITATIMTARGUVATANHAAD NI TN UTAK
ay A’l’. :j e os 3 o =Y g w oy d’{} 9/ =
duretlaun wiiu A330 185 zgnaiaunatiamanuinymingedaanonld Tandenna
= ] = @ g Y ow = an | o a1
MIAAY IR BNIuA Al¥dasinisd faus luusaasiunquiliodn (Control)  310ATS
NARBIN 1. [10% DMSO + 10% DMA, 10% DMSO + 20% DMA uaz 20% DMA + 5% MeOl]
4 o g 4 7 ¥ o . o
yoamsnuinydetaansulszynalafduan s Taoismiinaassesndly 2 ns
v '
NAADIAIN
4.8 ; o et ' Y ToA
MINANDITE 3. ANHINAUDY Combination cryoprotectants NHHNARIMUAVINHIH UV
Yaunlw
A o A
UTUABUNITNANB A1
¥ ¥ 1 kY »
D dnivdeaafiniumins2ageunun W 01m0119970 0.9% NaCl u
¥ & ¥
Sasanindoanfeas Extenders (Vi1 1:3 WAIINTHIANAIT combination cryoprotectants
~ o = I 1 o 1 = < ai 3 A:} . a’
AiransAny liuananadunguatugulumsneaesii 1. (msausnunbidelaia g A
wrumavaeedluas19i 6
¥ a
° = ! oo | Y
2) gamisazaeidedTinag 230 W avasanruia Tasld lylas e uds
= [~
UanaesusidaIng 1% Heated hemostat
o 2 ¥ Yo i
3) U1 Straws Taaslu Cryochamber B89 Run program Taalddnsimisan
] I ]
NN 10 °C min" 91MIUsD YU AIIN Freezer control H3 -80 °C 3011 Straws 89AIN
o o o i © :; y - o
Cryochamber 1151 1inuludalulasnumar nntuihiudeusuialunagaumndasing

Ufeud dasimsinaoui uazdaimiisinvosagine 11
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' ' } v oo
M15199 6 HHUAITNAADY combination cryoprotectants NiHAADNTIALS YT IFoYaun In sy

it 0.9% NaCl ﬁjuﬁﬁ extender

Treatment Combination cryoprotectants

] 10%DMSO + 104DMA

2 10%DMSO + 20%DMA

3 20%DMA + 5%MeOH
77(C0ntrol) o

MR HRaNIaaa

et =

= o 1 = o
FAT139HA Combination cryoprotectants Widasniamud Tao 1475 Inedna

u1)5U5 911U One way ANOVA 1azitffoufaua 1 uiand NIz 1 1A IR AEUBIMI AR LA

o W

3% Duncan' test Hszauiladieh 0.05 TaoldTa5uns1 SPSS

m3nAaeadi 4. HaYB NI IMIAAQIUHYH (Freezing rates) Hilnanemsiushyringe

daunin

v

= = ar Qci ' d w :’ dxi’ q‘j Al 3
NITFANHINIHAYDIDNG TR IUNNY Waﬂ@fnimﬂ3ﬂU1uu%‘@ﬂﬁ“‘VﬂW1uﬂﬁiullﬂ

¥4 ad e
sz ﬂﬂi‘ﬁmﬂu'ﬂﬂﬁLﬂ‘lJiﬂ‘HWﬁ”lL‘h‘@ﬂﬁWﬁﬂE} 1]"!1 Gmmumﬂuuammummﬂaaamﬁ

b ¥
1) ﬁwﬁwaawmumsmnaauammwﬁwﬁﬂm@imwﬁaﬂmi Extenders (0.9%
# 3/ b4
NaCi) Tué’mmmuﬁu%ammma Extender 1181 1:3 Ma991nIMIANT1T Cryoprotectant
(DMA, DMSO 118y MeOH) 71 LAUAILANT AT 9 AUNUNTINAAD 5L uuauﬁu‘usm (CRD)

Tumisiait 7
3} o = ! [ 3
2y aamsaymodiielude 1. 45inas 230 pl Tdnasauruie Taeld ulastlule uds
ey (-1 9/ & o IS a8 w =
Yaviaoauyuys laoly Heated hemostat WM A a1 1NNIAVET Cryoprotectant 9LITUIUIAIDUA

@ o ] : kY =
Asumanausudalanalu Cryochamber T4an) 2w 10 wiR
o ! £ =l o 3 = as c!lJI
3) 11 Straws 107311 Cryochamber Harh 1@onauvinanan1sfnyIail (5, 10, 20
LAz 40 °C min) 901U Run program mJQﬂmgﬁ‘ﬂ Freezer controt 014 -80 °C 34111 Straws 000

o 4

o @ @ i = c:: e o A 1
110 Cryochamber 1A2 libAuSayluddluTasmumadfigungd -196 °C smnainivgaus

<o ar P oo e T Uil
niiahlnageumdanmslfous sanmsniaui nagdanmsidiavsagideld
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A1199 7. LRUMTNARDINDYDITATINIAAURAH (5, 10, 20 118 40 °C min ) NIHAABMS
& w ey ; = . 1 w ¥
Bnunindedann In 3 0.9%NaCl ilua1s Extender $31010715 19

cryoprotectants 1 THHA IUANANALNGHAIUAIINMINATDN |

Freezing rate

Treatment N 017 Cryoprotectant
{°C min )
5
1 L0%DMSO + 10%DMA
2 L0%DMSO + 20%DMA
3 209%DMA + 5%MeOH
- |
4 10%DMSO 1 10%DMA
5 10%DMSO + 20%DMA
6 20%DMA + 5%MeOH
20
7 10%DMSO + 10%DMA
8 10%DMSO + 20%DMA
9 20%DMA + 5%McOH
40
10 LO%DMSO + 10%DMA
11 10%DMSO + 20%DMA
12 20%DMA + $%Me O

13 Control

= ¢ aa
AT URTIZHHNATNITDA

'
el 1

~ y o 4 o o &
WnTIzRavedanIMsangangiiinanomsinusarningelaun Tulasldumms

| o o a
NAAD LGN T0l (Completely Randomized design, CRD) HATHA I U T 9U4UD One
. = =) 1 ' v = = o st =
way ANOVA Uazi/Fouiouaand 95en19f undoyoanisiuud 1ng35 Duncan' test

1
ar o as IS

seautindnayh 0.05 Taald Tdsunsy spss



o
UNN 3

HANTIANH

3.1 WaWDIAS Cryoprotectant 42 combination cryoprotectants Nilwanam sy
WiretmanelasIEmsuruds
g w 1 et Cod 3

NNMInaasudviny i ugsdaranelasiinisuruils laldars Cryoprotectant
FIAA0 (10% DMSO, 10% DMA uaz 5% McOH) M3014 combination cryoprotectants
3 0.9% NaCl 1Hum3 Extender uazl¥8asimanaguuniia 10 °C min" wiiuileld
combination cryoprotectants 531319 10% DMSO + 20% DMA , 10% DMSO + 10% DMA

A qy Y s d o o e e A

n7019 20% DMA + 5% MeoH Tvn)esidudmsdfaut iuanduduiniean (p=>0.05,
A1519% 8) 1Ay combination cryoprotectants 5E1I9 10% DMSO + 20% DMA 1 dn31m3

bS i
= = o 2 1 F=1 =
URAUTFITAA 58.89 + 3.32%(99% Vol nFoda) F9genn15 1413 aryoprotectant (Roa9iia

a1

[

1 1 ¥ o
Wy wanilald 5% Meor IHSnsmsdgausimaamidy 25.85+ 2.28% (43% voariude

o
M ow o

é 1 ' L e s oy .' 4 =y
a9) Fnna190d 19 Ay anAR U WA (p<0.05; N1313% 8) lienaaaun1TiFIa

s ey

wudifold combination cryoprotectants 10% DMSO + 20% DMA li8asimsidingarga
3 F1
1AL 30.01 =+ 2.74% (34% 0 9idioam) uaywun1s 19815 Cryoprotectant LAAZWIIA M50
¥ ] v ¥
M3 14 combination cryoprotectants Wi ¥ ars1msi#IadnIinquaiugy o e, p<0.0s

o P 4 A - = A o]
AR50 D ilonadeumanioufivesogd wui el 10% pMSo Huats eryoprotectant

'
4 =

1 3 v ‘
fidpsnmandouigaaaniing 50.00 + 3.54% (50% veniuFeda) uaziield 5% McOH I
Qs 4 = 1; v oy { A :
SnmsadsuNAIgaiiy 3.02 £5.00% Q%  vosunieae) Fanudinis ldms

3 3 1 [
cryoprotectant UADZWUA wioiald combination cryoprotectants WU THdasimnatouna,

ATNGUAIIAY (p<0.05; 715131 §)

o ] a

i = r's o e a y G s c?j ] s dal
deanizianduiug (Correlation) iﬁa@mma’amu“ﬁﬁxmwmuﬂmum 2 ®7UY

A r

at ar o 1 ar = = o 4 B ar
Tdfeanududussznihdasimsufaubuazdasininaioudt wieszuiiedniing

SR

Ufaufuazdnsinsiidin viaszhedannandeuil uazdasnaiiie TnsioResen
91103 1H¥a15 Cryoprotectant LAASTIIA shuwuifioedas msndeuiuas s e
winfuﬁ'ﬁmmﬁ’uﬁufﬁuiwﬂ'mJﬁuﬁuﬁag}“luﬁzﬁuﬂmfmN (053 p<0.01) neiiold
combination cryoprotectants Funusr fasmsadeuituag Sasmaiida niesasing
ﬂﬁﬁu%ﬁ’v'é”m‘ﬂﬂ1'5ﬁ%ﬁmﬁuﬁmmﬁuﬁuﬁﬁiﬂmzﬁuﬂmmmu (r=0.51 1Az r=0.50, p<0.01)
o

0w 1 @ 1 ar “ = o ) | 5 as as
audal aaunNuFuiuT st ngas il fruiuaronsinismdsuitiuiin nu duius

AuluszAudY (r=0.26; p<0.05)
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{WaiRI189 Contrast Wianlituifieunavesns1d Cryoprotectant udayaiia (DMSO,
Y ¥
@ 0 . o o
DMA lay MeOH) Aun3 19 combination cryoprolectants Tumsnuinsniwdedaeiouti
o 3 1 5 a = o 1
NALASTUNY N7 14 combination cryoprotectants slﬁ’wammamwmsﬁlgﬁuﬁqammﬁ%’f

Cryoprotectant ¥HaRa73 (p<0.05) 1A LiTHaA 8 P TIH IR 8R 3 1IN 1R AaUA (p>0.05)
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= 1 a . < g e - = Y A = oy df
#ITWN 8. ANRRY (Mean + SE) Lﬂ@ﬁ&“ﬁuﬂﬂ’]'ﬁﬂaﬁUﬁ ATIHYIA LUASDIIFADUNUVSIUUYS
e . hypophthalmus) 143 Extender (0.9% NaCl) 579011815 Cryoprotectant

' P - . R . Y = el Lo
UADZFUA 170 combination cryoprotectants hﬂﬁlﬂfam]m‘iaﬂqﬂm UN 10 °C min

@15 Cryoprotectant maUfaus (%) M3HEIN (%) MSIEAUR (%)

;o% DMSO ﬁ 41.18 £3.04" 25.88 2.42‘;°W o __50.0(& 3.54"”“ W
(69.06) (28.92) (50.00)

10% DMA 36.42 +3.44" 20.41 +2.30% 38.46 + 795"
(61.08) (22.81) (3846)

5% MeOH 25854228 16.40 = 1.96° 3.02: 5.00°
(43.35) (18.33) (3.02)

10% DMSO + 10% DMA

45.61 +2.93"

25.29 4 297"

35.67 £7.55°

(76.48) (28.26) (35.67)
10% DMSO + 5% MeOH 35,72 £3.20" 21.45+3.19" 30.10 +4.86"
(59.90) (23.97) (30.19)

10% DMA + 5% MeOI{

37.08 + 2.74%

20,47 + 1.61%

20.15 £ 5.46™

(62.18) (22.87) (20.15)
10% DMSO + 20% DMA 58.8041332° 30.01 +2.74 32.90 £ 707"
{98.76) (33.54) (32.90)

16% DMSO + 10% McOH

39.06+3.31"

21.64 276

25.00 £5.00"

(65.50) (24.18) (25.00)
10% DMA + 10% MeOH 33.19 4 3.66 16.78 4 3.40° 1170 £ 7.07"
(55.67) (18.75) (11.70)
20% DMSO + 10% DMA 4280229 23.56 £ 322" 22.52 +7.26™
(71.78) (26.33) (22.52)
20% DMSO + 5% McOH 39.454 278" 2324 £ 272 25.00 £ 6.12%
(66.16) (25.97) (25.00)
20% DMA 1 5% MeOl 48.2042.13" 26.57£2.16" 25.00 +6.61°
(80.84) (29.69) (25.00)
Control 59.63+2.03" 89.49+0.89° 100 £0,00"

o e e 1 as ' v 7 1 4 d: @ o a e
HUTIHR: ﬁ?ﬁ]ﬂ‘l&li‘ﬂllﬁﬂ@ﬂQﬂuiuuﬁa?ﬁﬂﬂﬁuuuﬁﬂ\‘]ﬂ'ﬂiJLLﬂﬂﬂN‘E}UN‘JJUUﬁ'?ﬂf‘g‘ﬂﬁﬁﬂﬂ

o & s d f A e ~ v o &
(P<0.05) dnavlurvaune nlesudibonlSsumsnnui Ao (% of Control)
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o oy C;ﬂl ! 123 o :’ & <y ed
3.2 HOUIIAINITANgAHAT (Freezing rates) Ailwadamsiu oy niyodmanulagisms
T o
vt
MINAFANHIATIIMINE TUYDINTTAAGRNYTRIZATAI4 (5, 10, 20 uaz 40 °C min')
1 b Ed
Wuhmsanguugiii 5 uag 10°C min' Isasnsdfaut liuanaeduaguaiuny ainde
d' 1 A 9 ar qd' - S 3w oy c\é [T
a9 p<0.05 N7 6) Ao lddainisaaamugila 40 °C min IWEATIMIUUTa ANy
¥ ¥ 1
4132 % 3.33% dazusnanfuiuteas (P<0.05) devadoudaiiniiiin uazdnsnis
' ] 1 !
AADUAWLI MTARgUMAITTEALAI9 (5, 10,20 UAz 40 °C min ) W0 IHERTNINT I way
T o b 3 r -
FATIMSAROUNAT uazuRAM AL IF DA (p<0.05; NIWH 7 1A 8 MINTIAL)
1 ] L4
HiogHAVEIMTAAgUUYIATEATANE (5, 10, 20 1Az 40 °C min) HunuNERT 1IN

a

a al 1A a v da w of o ' @ w o Qs
dfaus lulinnuduiusiudas ina s e wawuanuduwus lseduldunaia (=0.65, p<

!
1 w = a ) a o o o [ l;
0.01) 5EMINOATIATUIINLALINTINTIAAOUA vIsanuduWUTAUIUTZAUA (r=0.23; p<

0.05) szrMedaNsl fausdudasininndoun

10%DMSO + 10%DMA B 10%DMSO + 20%DMA B20%DMA + 5%MeOH

100 -
a ab y a
90 = i b d
abed abe abe
80 - ode bed cde =

de

70

60

50

Fertilization (%)

40

30

20

1 2 3 4 5
Freezing Rate

i= 5°C min‘l, 2=10°C min'|, 3=20°C min'i, 4=40°Cmint, 5=
[l S 14 1
AR 6. 051 5UTeuT (Mean + SE) voudwdolartanu (P. hypophthalmus) Nszdnnisan

aunNIRIee (5, 10, 20 1Az 40 °C min’)



(3 10%DMSO + 10%4DMA B 0oMsO - 20%DMA (] 20%DMA -~ 5%MeOH
100

90

80

40

Viability (%}

30 _ he
be be be be he bhe  he

i fuh ek

) 2 3 4

wn

Freezing Rate

N
1= 5°Cmin ,

N i ot
2=10°Cmin , 3=20°Cmin, 4 40°Cmin , 5=control
ANA 7. 89310130%30 (Mean + ST weaduFeodmano (2. hpophthalmus) NIZAUMTEA

QUNNITA N (5, 10, 20 1@z 40 °C min )

0 1090Ms0 - 10%DMA B 10%DMSO - 2000MA [ 20%DMA - 50McOI
100 '——‘
9 -
80
70
60 |

50

Motility (%)

he he bc be be be

be be

he

U L
0 - '

Freezing Rate 4

hn

. o L -l

1= 5°C min L, 2::10°Cmin , 3+ 20°Cwmin , 4: 40°C min , 5= conuel
4 . L4 - , S W

AT 8. FRTIATIATOUN (Mean £ SE) vaqinFolmenn (P, hypophthalings) NICAVUNTHRN

AUNAIAT9 (5, 10, 20 1AL 40 °C min’)
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{ R

3.3 HaUB3 Combination cryoprotectants NiwanemstAusnwinwodaunlv (2. larnaudii)

Toslszgnalfmaiiamsifuinynihwedmanslagizmsuruds

a g oy et =4 4w 3 ,j’ P a

nnmsilszgadlFmatineaz SEmsdnyimanusnyidelaaie mdnmany
ar : ¢¥ -~ = o g Yo = = 3 @ ¥ ny d”
fnpniuroraunTn Tasnindonninuua Alidanmal fauslisanadungunindesa

<4 aw uy 1 A [ X X ¢ s
103 iy ny i utetarane 441418 Combination cryoprotectants sHa1%l (10% DMSO +
10% DMA, 10% DMSO + 20% DMA 1ag 20% DMA + 5% McOH) Taalddasinisanguugiin

.-l =Y = < 1 L & ' 1 & [
10 °C min” wyhndanmlfauslunaazninmudeylurisenitn 50-57% dalutians
[ ¥ 2 .
UANFANIEDR (P>0.05) 1ATAT 031 fauFaana auand 1a9mingena (P<0.05) (91519
#19) pnanaudn IMliie uazdasimunisui wundarnsifiauasdninsniouh
' 3 3/ '
Aumneaegaldedidgnatad i ureas (p<0.05) (15199 9)
] 1 ) r ¥ ¥
M1 9. AR AY (Mean + SE) dasimaUfaus miidia wazmnatouivesiudotaunin
(. /arnaua’z’f) Taal% combination cryoproiectants LAaLYUA (DMSO, DMA LAY

= =1 o ol .
MeOH) uagil 0.9% NaCl1Tua3 Extender Iaul¥dn31n15angamain 10 °C min'

Combination W 7 A 1y 4 4

msUfeaus (%) MUV IN (%) NSAADUN (%)
cryoprotectants

5745+271° 8.98 +0.58" 3.02 +10.00°
10% DMSO + 10% DMA

(66.25) (14.00) (3.02)

54.18 +2.86" 0.65 +2.41°¢ 3.02+10.00°
10% DMSO + 20% DMA

(62.48) (1.01) (3.02)

5013 +3.04" 1.49 +3.77° 3.02 +10.00°
20% DMA + 5% MeOH

(57.81) (2.33) (3.02)
Control 86.71+ 1.48° 64.18+ 338" 100.00 + 0,00

L

) o P ar ' « L4 * 1 = ar oy
W09 'E]ﬂﬂSWGINﬂNOLHLW]ﬁ$ﬂ'E]ﬁNutLﬁﬂﬂﬂ’ﬂNLLﬂﬂﬂNE)EJH%J‘L&EJ MMYNNTNH (P<0.05)

as oA o o i3 ar uy d:l
mmﬂu’Nmmmﬂ@ﬂmmmmmmu'@u (HuwDHa)

A = .\ , v o s o ar
LHOWDITIHAUDY  Combination  eryoprotectants A ITUAUWUI IS HIII9AT1NT

sy =) r
o
d

ifausuazdasimantoun wiasznindanmslaufuazdanmaitia nToTsniedan

@

0
& i PEpCt o’: 1 e s o
mﬁmaaummgamwmimmiuﬂmmiwuuwwm umamauwumuimzmnqa {r=0.78,

=086 148 r=0.91; p<0.01) MUAIAY
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3.4 WAL IOAINIAAUHYTINTZNUA1IY (5, 10, 20 UAz 40 °C min) RWaAIMIHITIH

v g 5 am o
vinyetawnin (P, larnaudii) 10835mMsuanda

1
=

B . I~ 7 03; ﬂ T oyt v > 619)9/ . ; I
vamsneasunuinuminsedannIunlasisnisusude Taaladniinisaagusgii
TEAVAI (S, 10, 20 uaz 40 °C min ) wuiudaly 10% DMSO 1 10% DMA AdAS191509
: L

E 2 1
QUNATA 5 °C min H8asmafaudgegaiiiy 78.52 = 2.23% (91% vauiuiaun) Fali

¥ b4 1 1
uaneanaaanuns liigeas (p>0.05) uaia 1R 1IN RAgMERIN 40 °C min ' THdRI
] @ Fd 1
s faudigamiiy 34.82 £ 2.40% v30 40% veaiwroa WeNAToURIY 20% DMA + 5%

aé c; ’ 1 = o o ow = q : H.i{J al -
MeOH 4@ Lana 19neaidofaamaananms [5uda e (p<0.05) (19nWh 9)
o - O 1600Ms0 + 10%0MA I 10%DMS0 1 20%DMA Ll 20%DMA - 5%MeOH

a a

==

90 -

80

be

70 - bed be

be
cdef

Fertilization (%)

1 2 3 4
Freezing Rate

LA

1= 5°C min’l, 2100 minrl, 3=20°C minl], 4=40°C min_t, 3 == conirol
: ¢ 3 ) = ) el r o _
WA 9. nledidEunmsrus (Mean + SE) NIZAUMIDARMHANAT9 (5, 10,20 1Az 40 °C

o de I o o
min) AHagen ALY I 8 1 N (P, larnaudii) Tea35A1TuaL4

FanaaoumsiFin wuduifald 10% DMSO + 10% DMA figns1msanganaii 20 °C
min' MIUFIAGIGAYIINU 11.49 = 3.38% Faluandramaada (p>0.05) ANENTINITAN
@amﬂﬁﬁ 5082 10°C min’ wa_mé’mmﬁaﬂmmqmwgﬁﬁagﬁumm (5.10, 20 uag 40 °C
min’) fufigna1ns S5 aaduand ol “aﬁwﬁtymmﬁ%?ﬂmmﬁ“l%”ﬁfu%faa'@ (p<0.05) (A3
M54 10) HAZHUNBATINTT AN ﬁﬁ‘*wﬁwhm (5,10, 20 @z 40 °C min’) ulitnade

@ E
msadouRveniuFeilaunln (p>0.05) BNNITNTINITARVDIGUNALI 4 3¥AUFINA1INOAT
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. r ¥ ¥ 1 b ¥
msinaoutvenhiwesuazuandwensiidedidyneadasumsliinioda (p<0.05) @139

1 10)

=

4 i -] 1 ~ .- rlca ] =4
{ingraramInaguunINszAum1e (5, 10, 20 uay 40°C min') NinadennAy
o s & 4
ST TRINRIC BT

= o4

3 [ 1 a4 clcten ot al o] o o @
a1n In uuwaJ’Jmmwm'ﬁmaauﬂumémi1m§wmumnmnwuﬁﬂuiuszm,lqa
as @ 7 a a 1 ar
(r=0.80; p<0.01)w?awummamwuﬁﬂﬂmmmhuﬂaN(1‘:{).61; p<0.01) SEWINOATINNG
w

Ufautuazdanmaiyia daudasimsidauiuazdasimuadeuiniuiianuduiuiduly

FEALAT (r=0.35; p<0.05)
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- oA . 2 d f aan 4 g ¢ & o o4
#13790 10. AUR[e (Mean £ SE) wWesmudn s vay e Tiuamuedounveainaelan

WM IW P, lamaudii) HOR510158080MHIUTZAVA19 (5, 10, 20 UAY 40 °C min’)

DATINITAA e P
- 13 Cryoprotectant MINYIN (%) MIAADUN (%)
HEUHNU
. 9.96 +3.86° 11.70 % 10.00°
5°C min 10%DMSO+10%DMA
(15.52) (11.70)
241+£2.11% 3.021£10.00°
10%DMSO+ 20%DMA :
(3.75) (3.02)
1,01 =3.33" 3.02 4 10.00°
20%DMA + 5%McOH
(1.57) (3.02)
: 8.98 + 0.58" 3.02 £ 10.00°
16 °C min 10%DMSO+ 10%DMA
' (14.00) (3.02)
0.65+2.41"° 3.02 = 10.00”
10%DMSO+ 20%DMA
(1.01) (3.02)
1.49+3.77¢ 302+ 10.00°
20%DMA + 5% McOH
(2.33) (3.02)
! 1149 £3.38° 17.86 = 13.23"
20 °C min 10%DMSO+ 10%DMA
(17.90) (17.86)
442+ 212" 3.02+10.00"
10%DMSO + 20%DMA
(6.88) (3.02)
0.65+2.41° 3.02+10.00°
20%DMA + 5%MeOH
(1.01) (3.02)
., 130 +3.42" 3.02410.00°
40 °C min 10%DMSO+ 10%DMA
(2.03) (3.02)
_ 045+1.91" 3.02 4 10.00"
10%DMSO+ 20%DMA
(0.69) (3.02)
176+3.91° 11.70 = 10.00"
20%DMA + 5%McOH
(2.75) (11.70)

Control

64.18 + 3.38°

100.00 + 0.00°

oo o

HUNUKG: A0 ITN

a

]
el

a d & oo o A = cl o o & )
duavlunudvie wWesmuaanSsuisud i wraaa (% of control)

1 a v “_n; o 1 1 a o o o
G}Nﬂu‘lutéﬂﬁzﬂ@ﬂhu!tﬁﬂ@ﬂﬂhtlﬁﬂﬁ?ﬂ@ﬂ1&%1«!&@1?‘!@‘“1&6%!@] (P<0.05)
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andsoma oy wazdemuouiz

4.1 40994913 Cryoprotectant 182 combination cryoprotectants NamaneMInuInH
M 1 ey g
wuvemanelagIsniuyuds
MINNANITFAEINUINETE 1% combination eryoprotectants  T2H319 10%DMSO+20%
& 3 o o 4 = =Y 1
DMA, 10%DMSO+10%DMA 13014 20%DMA+5%MeOH  Tilosimuanisal fjous 1y
¥ 3 i 1 .
uanemetuns Iin¥oan (p>0.05) Bnawuinifeldans cryoprotectant #pa¥iiagIuf 1
0’!‘ 2 o o - = & 1
(10%DM$0+20%  DMA)  vuldiledifuanisifaus (59%)  dsgeadnmsides
o 4 s o
cryoprotectant (HEI¥IAREY (10%DMSO, 10%DMA 1Ay 5%MeOH) dalfdosidudnas
~ = oo o w 4 4
gausihe 41, 36 war 26 Mud e wae1viteunnnidols combination crvoprotectants
:,‘ '3 y o 3’ ot = 3 . t
UUAITNAAIUIUMTAANENI LTS BNNI0IANITANE AU IWYIT 1 External
cryoprotectant (Proteins, sugars, egg yolk H5o Phospholipids) TR Internal cryoprotectant
14 v
WUANNIOEANITQNRIAYBIAF LI TH HO191AA11970 cold shock W38 osmotic stress
F 3
uen INIWY N5 19815  cryoprotectant @oanguilsanduatuisatlesfuninia lipid
peroxidation, loss of membrane fluidity, hipip phase transitions, loss of membrane compounds
& o ' o
W39 stabilization of membrane proteins FIHANMTANYIN IAoARdaIfUHANMTHNY VS
Babiak et al. (2001) i 1A13ane11utlan Rainbow trout (Oncorhynchus mykiss) lazwuiniio
[ [ o) g/ s & e
19 10%DMA 39U1TY 10%egg yolk (1415 Cryoprotectant 1HAYB38a5 1370 81% Fawah
3 1 i o : g ~ 4w as [ = [ .
T8 liuandwandansuguaiidiaga) (p=0.05) Fadasmsfindsnaiimganidasinisila
A a T , A oo
ANRAINAT 1Y DMSO, DMA, Glycerol, EG, Propanediol W38 Metharol miuais
Cryoprotectant WEA¥TAIAEY (WRBITUAITIWIMNUEL Cabrita et al. (2001) nnwilutlan
Rambow trout (Oncorhynchus mykiss) w014 combination cryoprofectants (7% DMSO
3
1 ar o o ar ) o '
591 soybean protein complex) a5 Cryoprotectant WnIinasasinsfauiganiims

14 7%DMSO 1iluens Cryoprotectant IRBIF AR (P<0.05) uog Linhart et al. (2005) a4

]

o = 2] ow r&y . . [ 1 af

FIMIANE I TR 1T 0Ua) Buropean  catfish (Silwrus glanis) WUDMFIAS w1 e 14

combination eryoprotectants 521114 6% DMS0+6%propandiole N30 4%DMSO 4%
. g ar 1 1 @ wr o dﬂ 1 A

propandiole 1o 1msflngaliuanaiedudaniugu (p>0.05) uagdasimsfiniiganiuile

wl3uRouinns 141 Cryoprotectant 1N TIaie7 (10 1B 12% 15U DMSO Hie s,
a ot . . o g a uy ?

7.5 8% 10% 1451 MeOID) uazmifAnEIUD9 Mansour et al. (2006) A¥IMsAUTny 11 14D

a1 Arctic char (Salvelinus alpinus 1..) WU Uiel% combination cryoprotectants {7%egg volk
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[ = a 4 ' -
r10%DMA I Haveadasimsilfaus 8%  Fegean asld pMA  Ailluans
Cryoprotectant NIRE AL (33%) UA combination cryoprotectants SEATRN! T%egg yolk

Yo = < 4 1 ] as 3 =) =) =]
+10%MeOH Wenainistfaus (70%) saliunnaradumsld 10%MeOH Wisssiia@o)
(59%) (P=>0.05)

£ Aoy U r=}

TudgveimsnaaausaMsiaia wuduiield 10%DMSO 1 20% DMA wusas)

©

oy ’ =y ot 1

M UFIAGIGAUMIAY 30.78 + 4.24% Taodnsin13iiFanaenard hisianuuanmannganis
o a 9/ = ) L] E=) & o
naaoeNlmIlFa15 Cryoprotectant iHtiARE 195 WIFRBIRUADHANTANY YD Cabrita et
=i . . ' W o
al. (2001) fiFtnu1111)a1 Rainbow trout (Oncorhynchus mykiss) WUIINS M 7%DMSO 1y
@15 Cryoprotectant  1H83¥UAALY I RAVD I8R5 1MIUTIA% luana19910ms 14
combination cryoprotectants FE1I19 T%DMSO U0 soybean protein complex (P>0.05)
VinmsnageUnIdasmanieuiveeyd wuduidaly 10%DMso fimsiadau
1] Qs oL l& 1 Cﬂl L | r
gAY 50.00 £ 5.89% a4 19 llinuuan# 19917015 19 combination cryoprotectants
1 as ) & o ar H o d o ;’ Y
FAAU IO FelnudiTuRan1SANEIY0Y Mansour of al. (2006) AIAMTIATAumbNAD
1181 Arctic char (Salvelinus alpinus 1..) wirindio 1% McOH Faud T%egg yolk i motility
) . P
score (2.5) ﬂquﬂmmﬂ% McOH 1ifums Cryoprotectant tHUI¥THAIAD2991) motility score
1 i I ar =] '
2.0 (P<0.05) 86714 150A 11113 1% DMSO 39180 7%egg yolk Wiilnane motility score #3019
fadt -4 Y| T p=1 Y
DMSO 11Uty Cryoprotectant |WUITUALAL D PR EIFTUHANIIAN YYD Lahnsteiner et al,
= o = d w : éli; v 3 R .
(2002) HMNMMTANEINITINUTNHMUTOURT Burbot, Lo lota WUIMWLUB1Y combination
cryoprotectants (10%MeOT %30 10%DMSO) T4 1.5%¢glucose + 7%egg volk Idasing
:& =t 1 1 as s :’ -; 9 gt A :i J 9/
Lﬂﬁﬂiéﬂqﬂllﬂﬂﬂ’]\‘lﬂﬂﬁ'Jﬂ’lﬂﬂll (Unyoaa, P>0.05) LLaﬂﬁamm'lﬁLﬂﬁauV}’qemwmﬂ%
=1 = oA aly
MeOH 1luas Cryoprotectant JWERFUARYT WOND1AU Cabrita et al. (2001) anaaaunis
4 P = a (- 1
IAROUAYDOTINENA11NMTUBUL Tuifar Rainbow trout (Oncorhynchus mykiss) Wiy
Y 1 o 9/ A A 1 3 o
N13 1% 10%egg yolk 320AU 7%DMSO TWransmdoungendins 14 7%DMSO 1hums
Cryoprotectant Meariia@e (P<0.05)
= 5 ; A a 4 a A 4 = = 8
%?ﬂﬁaﬂ"l'iﬁﬂﬂ’iiuﬂiﬂulﬂ@?iﬂinﬂ Contrast LWHLWULW@HJ‘JUUL‘HUUHﬁ'ﬂﬂQﬂWﬁﬁl‘H
Cryoprotectant uaAnz Fia (DMSO, DMA Udg McOH) AUAI5 19 combination cryoprotectants
' ar t 4 = : aar c;y A o
FouiuaInnMrierianu Inoluaniteii 1y combination cryoprotectants Ay permeable
1 W o= 4 d o oy Y (-1 3 '
cryoprotectant Sjuﬂuﬁ@ﬂ%uﬂLﬁ@ﬁﬂHWﬂﬁLﬂUiﬂH']uWL%@ﬁﬁWﬁ/JWULiUULLGD'LL“UQHH WUIING

Y . . 8/ qs = = ' k% =
14 combination cryoprotectants “iﬁwa'umamwmsﬂlgﬁuﬁqamwms% Cryoprotectant YU

=) 1 LE=1 T [ Aogn @ d‘ dl ol
B (p<0.05) wa AR R T INMTlFIRLAZ AT INITIR RN {p=0.05) uazﬁnfmmwﬁgﬂ

€e

| W oo & 03.' g =1
vmindtedeamunuiouniuiolaranolagld Meoil iflums cryoprotectant iiuA I3
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91 LY ¥ oa =) = 1 1 @l oy z; é 3 [

T459ui1 200 DMa wnzlddasimsdfaus bivandeduihidean Gareandoiy
o oar d'. 1 4:':’ r oadq 9 . . 1 G i d} o

QUITYNEIULIFIWUNNTU T3gNA 19 Combination cryoprotectants $I0AULINANHTA¥IA
¥

o [ o a 1 ar
uu"lm'lﬁ]m_lumswmuﬂmmqw permeable cryoprotectant N1 non-permeable cryoprotectant

P -~ { ] 9 a 9 = o W o = E
W38AlUNGY permeable cryoprotectant A8AWBAMLHAN IHdasmifaut dasnisHn

o oL ey o A e &y ¥
ORTINNTUL IR LLASDAIINMIRNAD NN EEGUUH”],W

! o 0. A
4.2 HOYDIBNTINI3ANGUNNH (Freezing rates) MHanem sthuFnyninyordatanalay
FEmsuyud
o o =1 ar : dy - u’}’ 1 yd?’ b oG ey
audievesnisinuiny niudadlaruuusud i iduedduyiaves

9 w4 oy dy ! oy W ¢ o !
msazatedmiudonalude (dsextender) winwrsniloatwyadgniiatelusznig

[ ' 3 o ¥ [ o
YLINNTUFLTQ (@15 eryoprotectant) 1M HUATIIUDEAUNTaRgRng Tz an Ty
szuhavtnumsusid vinaegurniind1ei (0.1 89 -0.5°C min ') Wuaing IdiAainia
Hudanmelusad tashorundoonanmadineza Wl augavsssfuooa Tuin iad
a oS o § Y g o , =4 o ¥ < 'Y g
wansgapdoiasi I iigadife) (Dehydration)  F3919vI 1Higadas]d wanoinilis

1Y a2 o 1 ' 4 o 9 =) - Y o o
wunmdasinmsaagunaililu ldedasmguh I luiinanawene Idwadd Suanin

Pre-fReze [reezing Thawing pesi=thny

D killed hu

)
hiig dehydration
A O

cooling rate, low
wrarming
rale ;
o\

[partiat vitrification)

mgn
cell \ OCC)DO o o _ kilied by inira

~cellular ice

moderaie

very
figh

low O
Dlarge ice crgslui\ high -
;smell fce crystal D S ) F o

> g:;;zuc‘l:;lrr: of water {totaf uitriticetion)

o

as 3 L4 =y ar p
Falumadninfa Cold shock Tasauaaaluning 10

MU 10, Cryopreservation model with different cooling rates (low, moderate, high and rapid

freezing rates) SETRE Leung (1991)
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¥ ¥
a o 1 ar a '

diumsane luaidlinundnsimsaagamginseaveian (5, 10, 20 uag 40 °C

1 i

min Hoanmnlfaus liuanausunguaiugy

b
r=1

) WhnTangam i 5 uag 10 °C min
0 1 : e e o .- 2 <
IEea; p>0.05) HABINlBNINNITARQUUYINTEAL 5 tay 10°C min' Wiy

adl o 6 Y e d & 4 o I ' o3 4 = Ay Y
auuginteatu Ll iRandaindduead lusenhaunsesuds dmanisdnyi la

U

Y -~ L. A o 4 o O { 1o
FOANADINUHANITANY VDY Viveiros et al. {(Z000) PN IA1HALTAY 1141L‘I§@ilﬂutl"ﬁimQl%ﬂja'l
African catfish (Clarias gariepinus) Tﬂflﬁﬁﬂﬁﬁﬂi}mﬁﬂ“ﬁ‘ﬁ 3 58A1 A (2,518% 10 °C mil{l)

1 § o o | a . .- 1 Yo a EU
WU NI 1FERIINITAAGUNYIN S °C min' 1Ay 10 °C min ' dawa Midasmsdlnd lu
] 3 :’ :_‘2; & ar 5 P~ Voo - a4 a
HANAIINNMT I UFo A (P>0.05) Fa8031N15HPAINA1INAIIN I NITHNTIRAD1N
Yo ol - ' of = g civ A A W
ﬂl‘ii‘ﬁ@@i’]ﬂ’]ﬁﬁﬂ@ﬂlﬁfq}ﬂ'ﬂ 2°C min ?]EJ'NuliﬂG]’l'JJ‘U’mﬂ"lﬁﬁﬂ?ﬂcluﬂS\iu‘i“ﬂ.l'}nhaﬁ"lﬁ]ﬂﬂﬁ?

1 4 e ar = = o ( o :‘ 5
msangungliflu 40 °C min’ i lWdaTMsfausaadiaseazuendeduindoan
3 c:y Al o = oo U d = ) 1o = ° &
(P<0.05) Mo rtinaundanimsangavgiidnd 1y duiu ) Sainm ldsame syl
2 oa L& e o q s o s o 4 d A 4
HIFHHIUDDNITNIHA T MNﬁﬂﬁﬁﬂTUil‘IL“ﬁﬁﬁlﬂﬁﬂﬁﬂu?LLﬁlﬂﬁlu’!ﬂiWiUuﬂfu "'JNL']JNET']L‘H?]@T%

o 9 ¢ [ 4w ot =
‘Vi'liﬁlcﬁ'ﬁﬁﬁ']ﬂvlﬂ AHDINNWBHUEDTOUNTRNEA {Leung, 1991)

=3 1

dionamoudn I 1NTIFIn HazdnIIMaAdoURKLI N1sanguUgInTzauR1aY

¥ Il .
(5, 10, 20 4% 40 °C min) WU LiTHAA AT INNTHIFIN HALOMTINTIAADUN LAHAAINATD

.
o

1 &4 R,
Fu@zLAnA M UTD AR (p<0.05) FIAOARADINUNANITANEI1YDY Thirumala et al. (2006)

{ o =Y uy f , ' o ar |
AMimanuineius oo Stiped bass (Morone saxatilis) WUI1N1TARGUNTNIZAVANC)

a

| a) o d:l a 4 1 w P 3
(4,16 uaz 40°C min") lnadaiinisiadoud luuanaiaiy {(p>0.05) FWRNATITINHA
= ) . 5 2 o L ¢
A13ANYIUDS Christensen and Tiersech (2005) 1dvmsdns 1M s UTAY i uYe1a1 Channel

Catfish  (Jctalurus  punctatus) WU msaﬂqmwaﬁaﬂw%mﬁ 3°C min WMHABATING

at

4 Y £ ' 1 o = & o oA
AAoUT 83% FIgINTIALIANAIID1AN1G 1505 1aAUN) UL 14T 97 45 °C min' NTHAT

¥ 3

4 i~ | :f o =4 o
m’a‘mﬁ@u‘ﬁtwm 33% MU (P =0.001) 110 Sansone et al. {2002) mmsﬁﬂmmamumﬁa
1

/@1 Sea bass (Dicentrarchus labrax 1..) Wi_lfjllﬁﬂi%ﬁﬂﬂm‘iﬁ@ﬂmﬂQﬁﬁ 15°C min’ WA

=Y

YpINIAABUN AT UANA1991ANS 1FRTIMTaRgUUALN 10, 12482 24°C  min’

¢
]

(P<0.01) TH¥ueANAN1TANYIY0T Huang et al. (2004a) N1 TANBIINYRY Platyfish

T 4 9 ar o el - L. ar
(Xiphophorus couchianus) Wil 14da51m3angumniin 25 °C min' Wraussdnsins

U

4 d - 4 . o sl :
nAoufiu10gd 68% FageniinmilFensinisaagmngii 45 °C min” (39%) (P = 0.014)
LT 5°C min” (43%) (P = 0.008) #9111 Huang et al. (2004b) 1 19 6n 5 1n15aagunpiifeaiu

3
1 5.25unz 45°C min” Yinsinu 1ualat Swordtail (Xiphopharus helleri) WUNHANTANEN

< o o =t ar ! 9 o _ .- w
Alahdlud e sderiuisie1ddasnisaaguuaii 25 °C min' Wravesdniinig

o
r

Y a o & ¢ 3 o oy - -
inABURUDIDYT 71% Faganiims 1eRTIMITangaNiiN 45 °C min ' (49%) e 5 °C min”

k'l
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= o o s Y E

(49%) (P<0.004) Minwanisanslunislinazninnisasmaeuenmsnineadesagl @i
qz:;s) Ay =1 P2y 3 9/ 1 i : dy o ; = 3

managuvgingwsos uiu hhiudwdwaldgunmasaivdodlarfiadr sniinsan

' [d b3
garnpiimmnzmniutudeagnivyiavenladnde

4.3 HaYD Combination cryoprotectants HiipnaomMufuInunihwwelaunln (2. larnaudin
TaoszgndlfmafiamnduFrsnihyedmanalnedimsuvuds
o 3 = an = d S 4 PERY

ninmsUszgndlfmatiauaziinsfnwinsinusauiingelarenonidasns

= = T [} [ r cy 4 d @ :J ¥ . g 1

Ufaut liwanarsdunguindeaa masyinisiiuinunindetaym Tudu wui
. . ' o o :;J 1 1 < o o I ~

Combination cryoprotectants  1ub@aznsnug dulilinasenlodidudnisufaus uay
o o o A - :} é’ ' & @ ' 5 i : d?lf

nlodiudmaniouivsuindoUaun n udwanisAniainaldiuazuand 199IMi o as

1 ' o 7 o a a a | a o o ' ¥ i {
(P<0.05) unodelsnatulefiduansdfjaud lunaazniamuanina11og lugieiyning
& oy N o S a - . =t g 1 '

50-57% Gan Wuana i aaneiinleiitudanisdjaus luuanzniansuaagiug s 46-

3/ Py g ey o a e rﬂy & = o1 =4

59% frmaimidszynaldasmsnuinuniniataransinineiinlse Tvsldeninny

as : ‘gf 9 24 o o dy o ¥ ar < :’ g A A o

Sauniudetaunlnate nioeradhdsmsiilidszgnalsiunanuiufelasiadun 9
' = s o = Y oy Y = o as :‘ 4’1}

agluanameaiu d9i Kwantong and Bart (2006) 1a1)szganlémaianisifuinuningeailar

a8 w oy § =) = =
anouupusasiuFelannInlaolda1s cryoprotectant 1o yaAe 2 (10%DMSO,

4 o =S - @ o
10%DMA H395%MeOH) dan T nansfne 1 luiamafordusulara iy

4.4 WOUDITNINIOAQAUN AT (Freezing rates) Niiwanemsushuiuyoaunin @,
o] L {
larnaudii) 10eIFN T UAT

g 5/t =y v = o ot :’ r—‘i} -5
1My ﬂ?’]lﬁfl“ﬂﬂHﬂl!ﬁz‘)‘ﬁﬂ']'iﬁﬂﬂ’]ﬂTﬁiﬂ“]_l'iﬂ?aﬂuuﬁlf@i]a"lﬁ']'lﬂ ANYIHA

=h. ee
b o0

a 1

Y9IN1TAAGUNYI] Aamsii fnuniideaimin Tagldensnmsangmn giifissduain
(5, 10, 20 4ag 40 °C min ) tFumINAlaaN wnd}mmﬂqmmﬁﬁ 5 9C min' Tngil 10%
DMSO+ 10% DMA 11J1ue15 Cryoprotectant 1¥wavaadnsinsifaudgand uasuanaia
odnhToddnnnmsaagung Tiseduaun (10,20 1oz 40 °C min) Tud1uunedasnisd

%30 115 19 10% DMSO+ 10% DMA 11115 Cryoprotectant Taviifas1n1saagungiif s, 10

'
= i 1 =Y

waz 20 °C min' Waad hiuand iy naznudinisangumgifiszdusien liinadedag
nsnfaeui Jwad 1dTaauaeandosuNanITANEIV0 Viveiros ot al. (2001) 14
Wn3dnw iy Clarias gariepiaus Tasld Ginzburg tish Ringer + 2.47M MeOH Wv’hﬁ'é’@ﬂ
n15angaMglin 10 °C min” Iwavesdnrimsilngeiian 86.2 « 5.7% Fanaveedanmsiln

@ ' vt ' @ = e . g Y
Aana17 LNAIANA19910A15 19T NS ARgUM NN 5°C min' (84.8 & 3.8%) s 11K
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ypadamsinfusndvedadfod dguinnnifsannisaagugii 2°C min’ (56.7+
18.2%) (P < 0.05) UALATINLISAATIDINNANTTANEIMDY Tiersch et al, (2004) 10151815717
1{%"1??]%@@ Colorado pikeminnow (Ptychocheilus lucius) Iﬂﬂi%ﬁmmﬁﬁﬂ@mwgﬁﬁ 4 °C min
"ling 40 °C min* nuhmsaagungiin 40 °C min” WHam e deuiigand (56%) Tuumsd

as s | ¥ & A e A 3/
ARIINTTNAYUH NN 4 °C min T¥namamdouftios 14% iald 5% MeOH + HBSS 92

ks
1

o E & [ : dy 3 e =] 1 =
L'riL!llﬂ nmiaﬂqmﬁgmmmaimflumU’Jumiwﬁmamma“leuuvlmwmumuagmmuﬂ

s d%} X t o o =) ¥
we91)a1 HAUIUHBYNUET Cryoprotectant HAZ T 19 extender Mdunimsanuaae

b
aqu azdatruanis
ay
¥ . . ' w ' A o =Y
1. M5 19% combination cryoprotectants TINAUNINNITHHITUR Turaunsinusny
:I ¥ F 4 :f -~ o = = ' 1
iiretlatenouvusadaivansomudasmsUgausligannnis 19 Cryoprotectant
tHosrHaan
& w s & o Y
2. manuinyiudedaranionunusudanis 1% 10% DMSO + 20% DMA |, 10%
4 v s o/
DMSO + 10% DMA 13919 20% DMA + 5% MeOH (115 cryoprotectant $0A USR5
aAnMHLN 5 W38 10°C min |
4 o T & . 3/
3. manuinyniuvedatm Twuvuurud 19514 10% DMSO = 10% DMA 1ues
cryoprotectant f?ﬂﬁﬂﬁmﬁﬂﬁﬂﬂgﬂmgﬁﬁ 5°C min
LY o w :‘ dij (= d.y o 9w
4o matamunuinuidigedaansuuuriall ausadszgnd laduldannIn
] o ' W = 4 { z = s
uaztheziyhiiszgnaldnuilasiiadueg fegluanadoailed
UYotarHoLuy
= 2w :} d‘.“ [B= 4 z:y Yy Y a
Lowmadananuiauidwdedargnouwvuruasil asalglddudain Inleeh
Y = = é 1 a & Y as Iy Al{ cﬂl 1
Whdanmadfeuiilszna so% Fuhenihliblszgndlddulaiadusg Negluana
= o Y as
RGN AT
o oa 9 o [ ay :ff 9 o3
2. wininedesmsiiusneiuredataane Taels McOH dluas cryoprotectant

¥ o Ed
1unas 195wy 20% DMA w1z I oanmsdgaut liuanasfniiyeda



ONEI501999

o g a 3 HV o =y -~ P
ngual waailyan. (2536, munuinyniudelawuugds MeInImnmaaing

Py ~ o o
?1&13]%61ﬁ1ﬁ§3]‘35 BUYINENALUNHATAITRT 128 Hﬁ"i.

o @ = ey 1 - = e a [ = I'd dy
druinnuadiudand. (2539). ayaadanillsameing 2539 (miude). Ilssuvaeniiiy

Wil 32,

4 ¢ o 34 o o do ¢ & w
[38VH Wﬁ%u“}g]@ﬁ, TAWIT BHUUNY, f];ﬁ“lff) DA, Q‘ﬂuﬁq LﬂﬂleiJﬁimi!,_uﬂqiﬁu ']J‘iuﬂﬂ

a

w o P § e
S¥ UAZUWA qYINAIW. 2550, HOYDIAT extenders LAZAT cryoprotectants RUNA

¥ ¥
o =y =) o ~ (-1 oo =
atas s fauvevingalmanalagiBmsuaiy,  Nrasiemalulaing

g
Yszua 59 1 dudi 1112,
Babiak, 1., Glogowski, J., Goryczko, K., Dobosz, S., Kuzminski, H., Strzezek, J. and
Demianowicz, W. (2001). Effect of extender composition and equilibration time on
fertilization ability and enzymatic activity of rainbow trout cryopreserved spermatozoa.
Theriogenology. 56, 177-192.
Bart, AN., Wolfe, D.F. and Dunham, R.A. (1998). Effects of cryoprotectant, sperm density and
straw size on cryopreservation of hlue catfish, letalurus furcatus, sperm. Transactions

of the African Fisherigs Society, 127(5). 819-824.

Cabrita, E., Anel, L. and Herraéz, M.P. (2001). Effect of external ¢ryoprotectants as membrane
stabilizers on cryopreserved rainbow trout sperm. Theriogenology. 56. 623-635.

Chereguini, 0., Banda, ., Rasines, I. and Fernandez, A. (2001). Larval growth of turbot,
Research. 32. 133-143.

Christensen, J.M. and Tiersch, T.R. (2005). Cryopreservation of channel catfish sperm: effects
of cryoprotectiant exposure time, cooling rate, thawing conditions, and male-to-male
variation. Theriogenolpgy. 63. 2103-2112.

Cryologic Pry Lid. (1998}, Cryogenesis Version 4. For Windows, Software operating

manual. Victoria, Australia. § pp.

Cryologic Pty Ltd. (1999). Freezer control model — 863 operating manual. Victeria, Australia.

Il pp.



35

Guest, W.C. (1973). Spermatology and sperm preservation of Channel catfish, Ictalurus
punctatus. Master thesis. School of Forestry and wildlife management. Louisiana State
University and Agricultural and Mechanicai College. 92 pp.

Horvath, A. and Urbanyi, B. (2000). The effect of cryoprotectants on the motitity and fertilizing
capacity of cryopreserved of African catfish sperm, Clarias gariepinus (Burchell 1822).

Aquaculture Research. 31, 317-324,

Huang, C., Dong, Q. and Tiersch, T.R. (2004a) Sperm cryopreservation of a live-bearing fish,
the platyfish Xiphophorus couchianus. Theriogenology. 62, 971-939 |

Huang, C., Dong, Q., Walter, R.B. and Tiersch, T.R. (2004b). Initial studies on sperm
cryopreservation of a live-bearing fish, the green swordtail Xiphophorus helleri.
Theriogenology. 62. 179-194

Khanh, P.V., Tuan, N., [{ao, N.V_, Jency, 7., Trong, T.Q. and Thanh, N.M. (1999). Review of

biology and breeding of some indigenous fish species in the Mekong delta of Vietnam.

Cai Be. Tien Giang. Vietnam. 32 pp.

Kwantong, S. (2003). Cryopreservation of stiped catfish, Pangasius hypophthalmus sperm.
Doctoral thesis. School of Environment, Resources and Development. Asian Institute of
Technology, Thailand. 65 pp.

Kwantong, S. and Bart, A.N. (2003). Effect of cryoprotectants, extenders and freezing rates on
the fertilization rates of frozen striped catfish, Pangasius hypophthalmis (Sauvage),

sperm. Aquaculture research. 34, 887-893.

Kwantong, S. and Bart, A.N. (2006). Cryopreservation of black car catfish, Pangasius larnaudii,

{Bocourt} sperm. Aguaculture Research. 37. 955-957

[ahnsteiner, F., Mansour, N. and Weismann, T. (2002). The cryopreservation of spermatozoa of
the burbot, Lota lota (Gadidae, Teleostei). Cryobiology. 45. 195-203

Leung, LK P. (1991). Principles of biplogical cryopreservation. In: Fish evolution and

systematics: Evidence _from _spermatozoa. Jaemison, B.G.M. (Eds.). Cambridge:

University Press. London, 231-244,
Linhart, O., Billard, R. and Proteau, J.P. (1993). Cryopreservation of European catfish (Sifurus

glanis L.) spermatozoa. Aquaculture. 115(3-4). 347-359.



36

Linhart, O., Rodina, M., Flajshans, M., Gela, DD, and Kocour, M. {2005). Cryopreservation of
European catfish Silwrus glanis sperm: sperm motility, viability and hatching success of
embryos, Cryobiology. 51. 250261,

Mansour, N., Richardson, G.F. and McNiven, M A, (2006). Effcet of extender composition
and freezing rate on post-thaw motility and fertility of Arctic char, Salvelinus alpinus

(L..), spermatozoa. Aquaculture Research. 37. 862-868

Mazur, P. (1977). The role of intracellular freezing in the death of cells cooted at supraoptimal
rates. Cryobiology. 14. 251-272.
Mongkonpunya, K., Chairak, N., Pupipat, T., Tiersch,T.R. (1995). Cryopreservation of sperm of

the Mekong Giant catfish. Astan fisheries science. Metro Manila. 8(3-4). 211-221.

Mongkonpunya, K., Pupipat, T., Pholprasith, S., Chantasut, M, Rittapom, R., Pimolboot,
S.,Wiwatcharakoses, S. and Chaengkij, M, {1992). Cryopreservation of sperm of the

Mekong giant catfish, Pangasinodon gigas Chevey. Aquaculture and Schistosomiasis.

Proceedings of a network meeting held in Manila, Phillipines August 6-10, 56-60.
Rana, K.J. (1995). Preservation of gamete. In: Broostock management and egg an larval quality.

Bromage, N.R., and Roberts, R.J. (Eds.). London: Blackwell Science Ltd., 53-76.

Safina, C. (1995). The world’s imperiled fish. Scientific American. 273(5). 46-53.

Sansone, (., Fabbrocini, A., Teropoli, S., Lengellotti, A., Occidente, M. and Matassino, D.
(2002). Etfects of extender composition, cooling rate, and freezing on the motility. of
sea bass (Dicentrarchus labrax L.) spermatozoa after thawing. Cryobiology. 44. 229-
39.

Thirumala, S., Campbell, W.T., Vicknair, M.R., Tiersch, T.R. and Devireddy, R.V. (2006)
Freezing response and optimal cooling rates for cryopreserving sperm cells of striped
bass, Morone saxatilis, Theriogenology, 66. 964-973.

Tietsch, T.R., Figiel, C.R.,Wayman, W.R, Williamson, J.H., Gorman, 0.T. and Carmichael, G.J.
(2004). Cryopreservation of sperm of the endangered Celorado mkeminnow. North

American Journal of Aquaculture, 66, 8-14,

Tiersch, R., Goudie, C.A. and Carmichael, G.J. {1994). Cryopreservation of channel catfish

spenm:storage in cryoprolectants, fertilization trials, and growth of channel catfish

produced with cryopreserved sperm. Transactions of the American Fisheries Society.

123(4). 580-586.



37

Urbanyi, B., Horvath, A., Varga, Z., Horvath, L., Magyary, I and Radics, T'. (1999). Effect of
Extenders on sperm cryopreservation of African catfish, Clarias gariepinus (Burchell).

Aquaculture Research. 30{2). 145-151,

Viveiros, A. T. M., So, N, and Komen, I. (2000). Sperm cryopreservation of African catfish,
Clarias gariepinus: Cryoprotectants, freezing rates and sperm:egg dilution ratio.
Theriogenology. 54. 1395-1408.

Viveiros, A. T. M., Lock, E. 1., Woelders, 1. and Komen, J. (2001). Influence of Cooling Rates
and Plunging Temperatures in an Interrupted Slow-Freezing Procedurc. for Semer: of the
African Catfish, Clarias gariepinus. Cryobiology. 43, 276-287.

Wayman, W.R., and Tiersch, T.R. (2000), Research methods for cryopreservation of sperm In:
cryopreservation in aquatic species. Tiersch, T.R., and Mazik, P.M. (Eds.). World

a_qu_agl_l_l_tl_g_r_g_.gggicj;y, Baton Rouge, L.ousiana, 264-275.



HAHUIN D
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FTNHUINY T eI BATIE U IUIUUNHBUDS Cryoprotectant UAZ combination

{ e 1 4 @ ¥ e g
cryoprotectants ﬁmmamﬁmmﬂmuu%ﬂmmmim’mmsmuw

1.1 sanimsgaus

Sum of

Squarcs df Mecan Square Eo Sig.
Between Groups 5647.337 12 470.611 3.71 9_ ‘Og_
Within Groups 23027.958 182 126.527
Total 28675.295 194

Py ) 1 1 [l “ =1 o' F=N Li Qo
WS HUREUANULANAIT ZUINAUR AGUBINTALUG 1R8I Duncan’ test N3TAY

i
s ot =

vodiagi 0.05 Taaldlsunsy SPss

Duncan’
" Subset for alpha = .05
Treatment N 3

tr3 - 15 .;>O. sea0 |

tr9 15 35.1800 35.1800

tr5 15 36,7020 36.7020

tr2 15 37.1180 371180

tr6 15 37.5060 37.5060

rg 15 38.6780 38.6780

tril 15 389113 385113

trl 15 399153 369153

trld 15 40.8573

fr4 15 42.4800 42.4300
trl2 i5 43,9740 43.9740
tr7 i5 50.1233
control 15 50.5460
Sig. 051 074 072

Means for groups in homogeneous subsets are displayed.
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a Uses Harmonic Mean Sample Size = 15.000.

o o olay
1.2 9091713 NY 1IN

Sum of
Squares df Mean Square F Sig.
Between Groups 15920.237 " 12 | -1 326.686 21.903 ’ .066_
Within Groups 6299.369 1G4 60.571
116

Total

22219.607

P =1 1 ¥ 1 Y =1 o =y
WS IR EBA T MEANA TS TI9AURAEUDINT AR JAEAT Duncan'  test

Hige
fud1dagdt 0.05 Taeld Tilsunsu spss
Duncan’
Subset for alpha = .05

Treatment N l 2 3 N
tr3 23.8911
tr9 24.1789
tr2 26.8556 26.8556
tro 26.8967 26.8967
tr3 27.5933 27.5933
tr8 277211 277211
tril 28.8178 28.8178
trl0 29.0367 29.0367
tr4 3001922 30.1922
trl 30.5844 30.5844
trl2 31.0300 31.0300
tt7 33.2233
control 71.0767
Sig. 109 152 1.000

Means for groups in homogencous subsets are displayed

a Uses Harmonic Mean Sample Size = 9.000.
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o A=
1.3 DA 1MUANDUN

Sum of

Squares df Mean Square I’ Sig.
_Bctween Groups : 3762“3.()77 12_ 3135.256 | “ 9.633 OOO |
Within Groups 33850.000 104 325481
Total 71473.077 116

= [ 1 [ A o ey N = o
WSO AT UANMYUARATITZH A NN ABUDINTALUA LASTT Duncary test NIL&U

Woddeyf 0,05 Taeld1dsunsu spss

Duncan’
Subset for alpha = .05

Treatment N 1 2 3 4 -
tr3 # 9 10.0000
ted 9 20.0600 20.0000
tré 9 26.6667 26.6567 26.6667
tr10 9 28.3333 28.3333 28.3333
tr8 9 30.0000 30.0000
trll 9 30.0000 30.0000
tr12 9 30.0000 30.0000
tr3 9 333333 33.3333
tr7 9 35.0000 35.0000
tr4 9 36.6667 36.6667
tr2 9 38.3333 38.3333
1rl 9 45.0000
control 9 90.0000
Sig. 035G 073 .073 [.000

Means for groups it homogeneous subsets are displayed

a Uses Harmonic Mean Sample Size = 9.000.
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1 = d 4 ar a R c{d
miNNunﬂﬁ 2 L!ﬁﬂflfni?lﬂ‘515ﬁ31l§ﬂu“ﬂﬁﬁﬂlﬂﬂﬂﬂ§1ﬂTiﬁﬂquﬁN (Freezing rates) NUHD

1 o e : élv Y T g
aomsinusnuinyedaranalaeisns uyuds

2.1 ganimsilfaui

Sum of

Squares df Mean Square F Sig.
Between Groups 7087.567 12 590.631 5637 000
Within Groups 20432.754 195 104.783 |
Total 27520.320 207

=t 1 I ¥ { = o = - ar
WS R EUANUUARA 19T E N IR URAYUDINT ALUUA 1ATS Duncan'  test NITALU

=

o

Waddwi 0.05 Tasldlisunsy spss

Duncan®

Subset for alpha = .05

Treatment ] 2 3 4 5 6

tri0 16 | 40.0037
tr9 16 1 442756 | 44.2756
tri2 16 485925 | 48.5925
trl] 16 50.0262 | 50.0262 | 50.0262
tr7 i6 50,1850 1 50.1850 1 50.1850
tr§ 16 51.5375 | 51.53375 | S1.5375 ) S51.5375
trd 16 532688 | 53.268% | S53.2688 | 53.2088
tr3 16 532769 | 532769 | 53.276% 1 53.2769
tré 16 54.0825 1 540825 | 54.0825 | 54.0825
trs 16 5739161 57.3919 1 57.3919
tr2 16 58.5725 | 585725
irl 16 59.8400
control 16 61.0519
sSig. 238 073 198 080 090 0863

Means for groups in homogeneous subsets are displayed

a Uses Harmonic Mean Sample Size = 16.000.
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Sum of
Squares df Mean Square F Sig.
Between Groups . $11579.723 | o | 964.5;/7 12.94;' 000
Within Groups 4843.761 65 74.519
Total 16423.484 77
Al rnitounnuiandiarenianiaisveaninmud 19037 Duncan test R3Edy
oddiay 0.05 Taoldalsunsu spss
Duncan’
Subset for alpha = .05
Treatment N 1 2 3
tr8 11.6367 a
tri2 13.7800 13.7800
w9 15.0450 15.0450
tr10 15.2067 15.2067
trll 15.2117 15.2117
tr7 16.6767 16.6767
tr2 17.6200 17.6200
tr6 17.9550 17.9550
trd 18.0983 18.0983
trs 19.2750 19.2750
tr3 24.7083
trl 25.0767
contrel 61.0833
Sig. 206 .061 1.000

Means for groups in homogencous subsets are displayed

a Uses Harmonic Mean Sample Size = 6.000.
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Sum of

Squarcs

Between Groups
Within Groups

Total

32809.615
16575.000

49384.615

df

77

Mean Square

2734.135

255.000

10.72

Sig.

.00

] t [l i = g o : 4’ [N
13 HA0UA I UHANAIITEH AR AEYDINIAUUA 1A8TT Duncan’ test N52AU

Woddah 0.05 TaoldT1ls1ng3 SPSS

Duncan’
Subset for alpha = .03

Treatment N 1— -------- 2 ;) 4
tr3 9 10.0000
9 9 20.0000 20.0000
o 9 26.6667 26.6607 26.6067
rl0 9 28.3333 28.3333 28.3333
8 9 30.0600 30.0000
tril 9 30.0000 30.0000
fr12 9 30.0000 30.0000
tra 9 33.3333 33.3333
tr7 9 35.0000 35.0000
trd 9 36.6667 36.6667
w2 9 38.3333 38.3333
trl 9 45.0000
control 9 90.0000
Sig. 050 073 073 1.000

Means for groups in homogenecous subsets are displayed

a Uses Harmonic Mecan Sample Size = 9.000.
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. A J :
MTAUINT 3 UAAIMTIINTIZY 115 8UFHaD 3 Combination cryoprotectants NHWAANBNIS

fuSnsiusevaynin . lernandiiy Tanbszgalfinaiinmsiiuinvbiedmanalag

BRI EI TG

3.1 8a31nislfeons

Sum of

Squares df Mean Square F Sig.
Between Groups 2811.380 3 937.127 17.368 ﬁ
Within Groups 1510.784 28 53.957
Total 4322.164 3%

= ‘. 1 ] ' a ~ o = i o
UIEUULﬁUUﬂiH}LMﬂWWJ§$W31ﬂﬂ1mﬁﬂﬁlilﬂ'ﬂﬁﬂmuﬂl.ﬂi!?]% Duncan' test %NjxaU

@

Uyd iy 0.05 Teoldllsungy spss

Duncan’
| ] Subset for alpha = .05
Treatment 1 2 -
ir3 V ) 8 45.6;37 h
2 8 47.3950
trl 8 49.2825
contrel 3 68.6213
Sig. 289 1600

Means for groups in homogeneous subsets are displayed

a Uses Harmonic Mean Sample Size = 8.000.
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Between Groups
Within Groups

Total

df Mean Square F Sig.
a 3 1514.89:/' 63.52 o MOOO
8 23.847
11

P! a 1 ' 1 = < o = : = ar
L‘lJ3EJ1JLWEi‘i_lﬂ'3WMlLﬂfW]NiﬁH'J'\\“]ﬂﬂﬂﬁﬂ“llﬂﬂ'l'ﬁﬂll]u@j@EJ’J% Duncan' test M3Z#1U

Woddah 0.05 Taold T1lsunsy spss

Duncat’
Subset for alpha = .05

Treatment 1 | 2 3
tr2 4.6233 a
tr3 7.0167
trl 17.4400
control 53.2367
Sig. 565 1.000 1.000

Means fer groups in homogeneous subsets are displayed

a Uses Harmonic Mcan Sample Size = 3.000.
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Sum of

Squares df Mean Squate F Sig.
Between Groups 14400.0(-)}-0 3 4800.00077 21.33 000
Within Groups 1800.000 8 225.000
Total 16260.000 11

o 1 ] i Py = & = . i o
L‘l]%ﬂ‘ﬂLﬂ&’Uﬂ’ﬂiJLWlﬂﬁl'&\‘]i%ﬁ'ﬂﬂﬂ"lmﬂﬂﬁll’ﬂd‘ﬂﬁm‘u‘tlﬁﬂ‘ﬂﬂ?ﬁ Duncan' test ﬁ‘)‘xﬂ‘il

Wedidauh 0.05 Tanld 11lsunsu SPSS

Duncan’
Subset for alpha = .05
Treatment ; 1 2
mtrl 3 10,0600
tr2 3 10.0000
tr3 3 10.0000
control 3 90.0000
Sig. 1.000 1.000

Means for groups in homogenecous subsets are displaycd

a Uses Harmonic Mean Sample Size = 3.000.
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4 o £ 2 LY -1 (v 1
ﬂﬁNN‘lﬂﬂﬁ 4 l!ﬁﬂdﬂﬁ]iﬂ‘é}:ﬁﬂ]ﬂgUN”HN@‘\J@QBﬂﬂﬂlSﬂﬂQm‘ﬁ‘guﬂizﬂﬁﬂNﬂ (5,10,20

R ' Y A . oy 1
1ag 40 °C min '} MilkagemanuSouinyedarnlw (2. larnaudi) T smInyudia

4.1 danmal faus

Sum of
Squares df Mean Square F Sig.
Between Groups 7971.678 12 664.307 11.676 .000
Within Groups 5177.431 91 56.895 |
Total 13149.109 103
WS sufiouanuuand aszr aruniseminmud 10035 Duncan' test Aiszdu
Tudrdni 0.05 TaoldTlmunsy spss
Duncan’
Subset for alpha = .05
Treatment N b 2 3 4 5 ]
trl2 g1 36.1650 |
trll 8| 38.5250 | 38.5250
9 81 395150 ¢ 205150 ] 395150
tric 8| 432150 | 432150 | 4321501 432150
trb 8 4507371 45.0737 450737 | 45.0737
s 8 473950 1 473950 1 473950
tr8 8 480013 | 48.0013
tr3 8 48.7538 | 48,7538
tr7 & 491600 | 49.1600
4 8 492825 | 49.2825
tr2 8 53.4025
irl 8 62.3925
control 3 68.6213
Sig. 081 A7 058 172 038 .102

Means for groups in homogeneous subscts are displayed

a Uses Harmonic Mean Sample Size = 8.000.
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4.2 93 1M IUYIA

Sum of

Squares df Mean Squarc F Sig.
é;tween Groups 6343.52-8 . “12 5‘ﬁ28.6277 o 1998 OOO
Within Groups 687.700 26 26.450
Total 7031.228 38

= i 1 1 e = o e = o
Lﬂ%ﬁl'l_imtl‘“ﬂ'J'liJLLG’]ﬂﬂ1Q§$ﬁ313ﬂ1Lﬂﬁf)ﬂ@ﬁﬂ'imlluﬂiﬂfJ'Jﬁ Puncan' test M9EaU

'
V-1

A 005 Taeld hlsunsw spss
Duncan’
” Subs?:t for alpha = .05

Treatment N 1 2 3 4
trll ) 3 3.8267 R
trs 3 46233
tr9 3 4.6233
ir3 3 5.7600
trl10 3 6.5567
tré 3 7.0167
trl2 3 7.6300
tr2 3 8.9300 8.9300
r8 3 12.1300 12.1300 £2.1300
trd 3 17.4400 17.4400
trl 3 18.3967
7 3 19.8100
control 3L 53.2367
Sig. 100 065 105 1.000

Means for groups in homogencous subsets are displayed

a Uscs Harmoenic Mean Sample Size = $.000.
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4.3 S IMTnIeud

Sum of
Squares df Mcan Square I Sig.
Between Groups. -”.7;7423.077 12- ” 145 lk:923 .“4.93 000
Within Groups 7650.000 26 294.231
Total 25073.077 38
Wipudouauuandiaszn i dssominuwud1ao3s Duncan' test fiazdy
Yoddayi 0.0s TasldTisunsu spss
Duncan’
Subset for alpha = .05
Treatment .' N i
tr2 3 10.0000
tr3 3 10,0000
trd 3 10.0000
trs 3 10.0000
tr6 3 10.0000
tré 3 10.0000
{9 3 10.0000
tr10 3 10.0000
tril 3 10.0600
trl 3 20.0000
tr12 3 20.0000
tr7 3 25.0000
control 3 90.0000
Sig. 368 1.0C0

Means for groups in homogeneous subsets are displayed

a Uses Harmonic Mean Sample Size = 3.000.
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