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Effect of Trehalose and Sugar-addition on the Survival Rates of
Bovine IVM/IVF Embryos after Vitrification
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College of Animal Agriculture, Kangwon National University

SUMMARY

This study was to investigate the vitrification method for cryopreservation technique of bovine
in vitro fertilization(IVF) embryos. The morphological appearance and viability following vitrifi-
cation of I VF bovine blastocysts and expanded blastocysts were examined.,

Embryos obtained 6, 7, 8 or 9 days after IVF were vitrified in both 40% ethylene glycol(EG)
plus 0.3M trehalose and 20% polyvinylpyrrolidone(PVP) in DPBS(ETP, Exp. 1) and ETP sol-
ution added 0.375M dextrose(ETPD, Exp. 2). The wviability of Days 6, 7, 8 and 9
vitrified /thawed embryos at 24~48 h culture after thawing was 11.9%, 19.8%, 23.4% and 15.3%
in ETP(Exp. 1), and 34.6%, 54.5%, 37.9% and 13.0% in ETPD(Exp. 2), respectively. The vi-
ability of vitrified embryos produced from the culture days after IVF did not differ in Exp. 1, but
significantly differ in Exp. 2(P<0.05). The viability of blastocysts and expanded blastocysts sig-
nificantly differed(P<0.05) in 15.2% and 23.3%(Exp. 1), and 25.0% and 45.8% (Exp. 2). The re-
sult of Exp. 1 was similar to that of Exp, 2 on the viability of embryo according to developmental
stages, but ETP solution plus sugar(dextrose) was increased the viability of vitrified embryos.

In Experiment 3, The viability of vitrified embryos was not different between 12% and 20%
PVP concentrations in ETP solution according to culture days or developmental stages.

To investigate the effect of addition of sugar, two type of carbohydrates and a mixture of
cryoprotectants for vitrification on the survival of bovine IVF embryos, bovine Days 7 to 9 blasto-
cysts and expanded blastocysts were cryopreserved in either 20% glycerol plus 20% EG, 0.375M
sucrose and 0.375M dextrose(GESD, Exp. 4) or 20% glycerol plus 20% EG, 0.3M trehalose and
20% PVP(GETP, Exp. 5) in DPBS. Survival rates of Day 7, 8 and 9 embryos at 24~48 h culture
after thawing were 71.4%, 94.6% and 40.5% in GESD, and 59.5%, 81.5% and 62.5% in GETP, re-
spectively. Hatching rates of Day 7, 8 and 9 embryos after thawing were 28.6%, 35.1% and 16.2%
in GESD, and 27.0%, 33.3% and 18.8% in GETP, respectively.

These results indicates that a mixture of cryoprotectants(glycerol and EG) and addition of
sugar can improve the survival rates of the bovine IVF embryos(Day 7 or 8) vitrified, and the
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expanded blastocyst embryos are more suitable for vitrification than early blastocysts stage.

(Key words : Bovine, IVF embryo, Vitrification, Trehalose, Sugar)
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FRATE o] &7 715 G TS AR 71ES
A T ALdA Add FATS M2 E47
4 s, §AF AT A&l & F
#HL U5 4 F U B 23 g 71¢T-9
AZd=olor & F A% Ao}, 12y ofF7LA &
e T2 BEAAT YA B AAolH, o
W& AF7r S - 9o A FE) A2 o)

AU Ee A AAE AT 4 2E W
Hole B4 £x9 SRR A T AP B
o we} &9 B4, 234 54 ¥ 243} 5449
(vitrification) o] Uti(Franks =, 1986;Leibo,
1984 ;Massip%s, 1987;Nieman, 1991). $3&L& &
ANER F ST 424 FBL HAE e
FHRITAL 279 5, H71e AlA 9y, dad
FAH] A&, 543 §8 5 ¥ FHREY
o] Ea R A 3 H7FE+= macromoleculed] &
AEL & 4 JdH(Kasais, 1991;Saha%, 1996).

FRTY x5 FAPH g IF= Rallst
Fay(1985)7t %% B33 o)F ©g d771 A3y
of L& ANE 4 oy, 238 4 HEA A
Fol whet g3 F AR S Aok Zpolzt
At A F] 223 A o] &HE FHRIAR
£ glycerol(Iwasaki, 1994; Saito®, 1994), EG
(Ishimori%, 1991; Saha%, 1994; Voelkels} Hu,
1992) ¢} propylene glycol (Kasai%, 1991) S| ®el
°]- &5 gleu, propylene glycol2 gl A%
ge Fou} FPF EA0] o] ®ol o)A o
=t vAFA FHRIEEAQ sucrosed} trehalose
5% AFA FslrEA (glycerol, DMSO ® EG
)8 sl $RTL $A REY A BRI
A HYat Al dojus Mixe &S Y
% AtH(Massips, 1993: Saha%s, 1996; Saitos,
1994). WA FA FalnE B39l sucrose$} trehal-
oset TAA ¥ FEEFAY AXT 7154, ¢+
Z2 wslglo] REA & e 7P 233 AdlE

o] {3tE EA2A $AT FHAREA Y] g o]
£ osmotic bufferojt},

£ ate Ao A&, #3A7 &9 AFF
o] 243 54 WY E AES] A5, A8 F
AREA 2 HEF FFAH(EGS glycerol) 3
H 354 Fs|BR3EA (sucroses} dextrose)$} 9]
7} B2 (dextrose, PVP)o] & A9jegde] 24
354 §3lF A& viAe 9L FESUY

I.z{2 9 ahy

1. o] i, M= ufel, MllaH gl | <Jujok

dEIY AH, A5 g € A £3L &F
(1996) o] ol &t AAAY. THEstA 2%
s, =AM 4 A9 GAE FH AYF
(30~35C) ol At 247k o] AYPd=z et
BF 7ol 2~Tmme] FEZRH 18guage ¥h50l
BEE FAIZ GEAE FAsHA ndsdAE A
F3tad. vldsdAe A& Wgs f1steq TCM-
1999 10%%] fetal bovine serum(FBS, Sigma),
0.5ug /ml2] FSH, 0.5pg /ml¢] LH 2 1ug /mle)
estradiolS F71eto] ASulgdg UE F 10049
23L& 5o P78 mineral oil(Sigma) 2 9]E3}
o zhzbe] AFe) 15709 dEBE Yol 39T, 5%
CO.9 ZHE ZANA 20~22x2F v gate] F&
B g AAET

A FR L FAFNE 37 FgFRAN 187
€31 §F Brackett9} Oliphantujeke (BO v ofod,
1975) ol 10mM caffeinee] -9 WSz &3, A
A8 (1,500rpm, 10%) 2 23] AHF Axte] F2rt
2.5x10%4A /mi7t H =8 E493gn. AGeyy
& BOWIYHo) 20ug /mle] heparini}t 20mg /ml
bovine serum albumin(BSA)E& A7} 50ule) &
g PEo] 2~3A HIA F A o o) 83}
Aok, GTAES Y dEFL MA3to] A e]5A
ujokeio 2 23 MAE 107049 GEFS ALY
202 &I F A7) Yoz EvF A 50uE
FRw g} Hrtetd A+ S AR BAT
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Table 1. Composition of vitrification solution

;Zi)f?czftion Glycerol Ethylene Trehalose Sucrose Dextrose pvpY
solution (%) glycol(%) (M) (M) (M) (%)
10
ETP? 10 0.3
40 0.3 20
10 0.125
ETPD? 10 0.3 0.25
40 0.3 0.375
10 0.125 0.125
GESD#¥ 10 10 0.25 0.25
20 20 0.375 0.375
10
GETP® 10 10 0.3
20 20 0.3 20

D Polyvinylpyrrolidone,
2 ETP : 40% EG + 0.3M trehalose + 20% PVP.

3 ETPD : 40% EG + 0.3M trehalose + 20% PVP + 0.375M dextrose.
9 GESD : 20% glycerol + 20% EG -+ 0.375M sucrose + 0.375M dextrose.
8 GETP : 20% glycerol + 20% EG + 0.3M trehalose + 20% PVP.,

A9} wjoke CRlaao) 10% FBS, 2.5mM taurine’

(Sigma) ¥ 1Ing /ml PDGFE 3718 A9 vjgae
o] g3l o, 39¢C, 5% COt ZEEY RANA
AAEeH, A FAHE 6~9Y Alolo] A A
Vi 9 ey wiwie ) AQRE Aol T8

2. Hle] £H | xX|5 FH

£ A o83 2AE FALYY TGRS
Table 13} 222w, olu} o]-8R 7]&u]fd & Dulbec-
co’s phosphate buffered saline(D-PBS)el 20%
FBS7} A7Hd widd-g AS-5iqich A9 @548 W
WEris} BF W Es) FPVE A7 58, 52 L 1
7 FAEsAY HYPL HAG ¥ strawfo]
1~571 ¢} @& strawell FU3E F SA), QA A4
WE &4 BEIGC TR PYs AN
W ETP, ETPD ¥ GETP9 7<% rixwt @Hl=
4] M AXABIYZ, GESDE ALoA A
st

3. =Xist SE| S+ U A vl

TARTT A AT FE 25T I £
WA oF 3027t §8lE AAstg). ETPS ETPD
9 F8R35A9 AAE 2mle) mPBS(D-PBS+10
% FBS+0.3% BSA)dA 587+ HIA X,
mPBSZ 23], Aguigdes 13 AL A s
3, GESD¢} GETPe] BE3AAE 0.5M% 0,
25M sucrose solutionoil A} ztz} 5E7H4 HEP & A7l
3 20%¢°] FBS7} 3§79 D-PBSjoz 23], %]9] u)
F9o2 13 AA& AP F CRlaad) 10% FBS,
2.5mM taurine @ 1ng /ml PDGF7} A7t A
HYggez AHL vHEe APAES 39TC, 5%
COS} 2559 ZANA YFNZ vigFsdA 52
ST deA) B4E&3 hatchingg e ZANIY
=3

4. EAlxz)

2 4% foA AAE HA 7oA AA (least
significant difference test; LSD test) @ Tukey
AARL AN AR EE A,



mad =

AYoat A& AN F ALeA] 6~ 9Y7kA
A2 wjgate] HOE vEs) ) SRR 3
& 40% EGS 0.3M trehaloseo)| 20% PVP7} &
fE 243 54 REdos 71 BEY £
FEF 24 ~ 43N 7F WFF AEAEE A AFHE
Table 2] 2.oFalsict.

Table 2014 vhebd v} Zro] A 2jujgdol] wle}
Aag A% 2438 4, A% s+ 44
o] WEAL 95.5%(274 /287) 2M B HERE
e ont, §aiste] 24 ~ 4807 WjGAIY F AE
A48 6Y, 79, 89 2 9ol A uRE @ )
wt¥ oA 2tz 11.9%(5 /42), 19.8%(26 /131), 23.
4%(15/64) 2 13.5%(5/37) 24 793 8= 4
AR R To] FHgte] AYuFAZ F AEAC] &
& Aoz Ueigoy, 5AF folahe AFHA @
Sttt W 6~ 9Y Abold] AR FHTY] T/TEA
W 2243 54§33 AL gun ) $4%
o] 23.3%EA] Wiwt¥s] AL 15.2%x) A

FHog {5 ¥& HF & AAUNP<0.05).

6~ 99 Alojo] AE wiutxr)e} FAujurEs)
e FAEE 243} 52 o) XA} T4 REY
(ETP £9)¢) 95(0.375M dextrose) 2] A77} %
A3} B4 §3F 424 nXje AAE Table 39|
a9kskgich.

Table 39 A2%& B, Auigdouia} Fig
FRTE] T2 Fa3td 24~4807 A S B
A9 Azhke 79 A wintEs| o} SAuutEs] 5
A A3 o] 54.5%%A 6U(34.6%), 84(37.9%)
2 99U(13.0%) 0 A4E FRRY AR §AF
22 Fo8A && AFE AATHP<0.05). A )
%5 AdE A F3E T5AAE T4 8T
AEGIM = wtEr) g Fo] 25.0%(13 /52) 2A
SRt E 7] £ 45.8%(22 /57) Bk $r2) 3
W 438 YeptH(P<0.05).

AGUNEFE 6~9Y Atelo] AR A} FPFe
ZA8 49 QM FAREN(40% EGH0.3M
trehalose) ol PVPe] 571 §81% 4240 vl x=
E5}+E Table 40 JePAT)

Ao g AdFHRE 40% EGel 0.3M

Table 2. Survival rates of bovine IVF embryos vitrified in a 40% EG, 0.3M trehalose plus 20% PVP

(ETP1)
. No. of No. of recovered embryos No. of normal
Day in Stage of : fter thawing ’
culture embryos frozen a embryos after
embryos Normal Degenerated 24~48hr. culture(%)
B? 24 22 0 2(9.1)
Day 6 EBY 23 20 1 3(15.0)
B 88 84 2 14(16.7)
Day 7 EB 51 a7 3 12(25.5)
B 40 36 2 6(16.7)
Day 8 EB 32 28 0 9(32.1)
B 22 16 4 2(12.5)
Day 9 EB 26 21 1 3(14.3)
Overall means
B 174 158 8 24(15.2)°
EB 132 116 5 27(23.3)*

1 40% EG, 0.3M trehalose plus 20% P VP.
2) Blastocysts.
3 Expanded blastocysts,

2b Values with different superscripts in the same column are significantly differ(P<0.05).
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Table 3. Effect of sugar on the survival rates of bovine IVF embryos vitrified in a 40% EG, 0.3M
trehalose, 20% PVP plus 0.375M dextrose(ETPD1)

] No. of No. of recovered embryos No. of normal
szulrr; irt:]f:yz: frozen after thawing embryos after
embryos Normal Degenerated 24~48hr culture(%)
B2 15 13 2 3(23.1)¢
Day 6 EBR? 15 13 2 6(46.2)®
B 20 11 3 4(36.4)*
Day 7 EB 14 11 1 8(72.7)*
B 19 17 2 5(29.4)>
Day 8 EB 14 12 2 6(50.0)%
B 15 11 2 1( 9.1)¢
Day 9 EB 14 12 1 2(16.7)
Overall means
B 69 52 9 13(25.0)8
EB 57 48 6 22(45.8)4

1 40% EG, 0.3M trehalose, 20% PVP plus 0.375M dextrose,

2) Blastocysts,

3 Expanded blastocysts.

ABabed Values with different superscripts in the same column are significantly differ (P <0.05).

Table 4. Effect of PVP on the survival rates of bovine IVF embryos vitrified in a 40% EG, 0.3M tre-
halose with different PVP concentration

No. of recovered embryos
PVP Stage of No. of after thawing y No. of normal
concentration embryos frozen embryos after
embryos Normal  Degenerated  24~48 hr. culture(%)
% BV 21 19 1 3(15.8)
127 EB? 23 21 0 5(23.8)
B 88 84 2 14(16.7)
(#)
20% EB 51 47 3 12(25.5)
Overall means
B 109 103 3 17(16.5)
EB 74 68 3 17(25.0)

D Blastocysts,
2 Expanded blastocysts,

trehalose7} 98 849l 12% PVPH <t 20% 5%(17 /109) 9} 25.0%(17 /74) 24 Atkgt o)z}
PVP7} 3719 243} 4 REYL o439 542 A=A A3kt

BEF A, 12% PVP #7179} 20% PVPAE A<, A5 AF 7~9Y Abolel] Aitd
AA §3 st 24~48A12F Wi FF AEAL 20.0%9} vk 279} St 3B glycerol(20%) 7
19.8%24 Ag)7 7ol &}o|7t QIUTh. WiRE )9} & EG(20%)& &% g9 sucrose(0.375M) s}
BHRtEs] P de $2 FEFE TN 22t 16. dextrose(0.375M) 7t H7te FHARFZANN 2A 3}
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Table 5. Effect of a mixture of cryoprotectants and sugar on the survival rates of bovine IVF em-
bryos by vitrification method using GESD” solution

Dayin  Stage of No. of No. of rfico‘;;red.embryos No. of normal No. of
culture embryos frozen arter thawing embryos after hatched
embryos Normal Degenerated 24~48hr. culture(%) embryos(%)
B? 25 22 0 15(68.2)% 3(13.6)®
Day 7 EBY 23 20 1 15(75.0)%® 9(45.0)*
B 24 18 5 17(94.4)* 5(27.8)%
Day 8 EB 24 19 2 18(94.7)2 8(42.1)*
B 24 20 2 7(35.0)¢ 1( 5.0)®
Day 9 EB 24 17 4 8(47.1)< 5(29.4)®
Overall
means
B 73 60 7 39(65.0) 9(15.0)B
EB 71 56 7 41(73.2) 22(39,3)4

1 20% glycerol, 20% EG, 0.375M sucrose plus 0.375M dextrose,

2 Blastocysts.
3 Expanded blastocysts.

ABabed Valyes with different superscripts in the same column are significantly differ (P <0.05).

2 35 A& g A3E Table 50 2.9%5
k.

Table 504 B, A ejujekde] uje} 4t vt
2719 &7 ik E7] AT 223 T2 &35
F 24~48X7F W FF AT 7Y, 8Y R 9¥ A
H o] ztz} 71.4%(30 /42), 94.6%(35 /37) ¥ 40.5%
(15/37) 24 wigdel wel &g $AA {4
o] 1A =310 (P<0.05), 884 ol A4 A 254
o] YEA O] 7HF =& A2E Yy a#Y W)
vrxs]9 Sgujuter] ] dsaAd ¥24§
siated AuigeE AEPL 65.0% 73.2%=2A
Attt o)zt AT 7~9Y Alolo] At ZAps}
32 FATE F8lste] A gAY F hatching
WNEZ17HA S5 A9 ¢8-S 795 38Ul AAtd
FATo] Bz} 28.6%9 35.1%2A 99| BitE
SR 44 (16.2%) 2} fol8iA w& A &
ATHP<0.05). 2213 FA4ATE §alstd A9
WigAIZ] ¥ hatching Wiwt71744] 2849 A9 &%
23L& 7AA ) AL RutE7) H5A o] 45,
0%(9/20) 2 2A4 T& APTre x& 43& e
Won, I8adAE 54§88t hatching w27
7HA GEE AAES FAL wwtRs] $£3A(15.

0%) 0] FAuwrxr] $A#(39.3%) Bt} f2lsH
% A3 & e tHP<0.05).

FHRTAE EFAZ 89 (20% glycerols} 20%
EG) ol sucrose®} dextrosetl A9l trehalose(0.3M)
o} PVP(20%) 7t A7te A8 $24uEYd) 7~9
A Atele]] AAE AYFABE FHREHF 8
o A2 YEA o] A4S Table 60 8oF3k5ict.

Table 6ollA viebd upst Zro] A3 A 2wl
Fdol we Yud AGFHAL FARE FEF
24~48A7F AU FFE AEA L 7Y, 8Y7 9Yo] 7
Zt 59.5%, 81.5% % 62.5%%A] Table 49] Az}s}
7o) 8ol AAE FAT] YEA Ol ¥ AL
Ao}t BAF FoAe AFHA gsirh. Ei IS
A 52 §5F 24~48A7 A JujgEl] d& A
48 vty o} IRt Ey] A oA 2} 55.
8%/(21 /52) 9} 64.8%(35 /54) 241 linkxr]
ATo] b4 B AL el oy 5AF fo8-e
QAR Ftch. ¢ 23 T2 3 FYEE A
ufFele] hatching WiWtE7171X| 8] A JLdSES
79, 8¢ 2 99 HaE AU HH L 77 27,
0%, 33.3% B 18.8%24] 8ol AY4tg FHP ol
hatching iRl ¥7|7kA) 9] R @g-go] ik £2 F



Table 6. Effect of a mixture of cryoprotectants with 0.3M trehalose plus 20% PVP(GETP") on the
survival rates of bovine IVF embryos by vitrification method

No. of  No. of recovered embryos No. of normal No. of

Day in Stage of

frozen after thawing embryos after hatched
culture embryos
embryos Normal Degenerated 24~48hr. culture(%) embryos(%)
5 B? 24 19 3 10(52.6) 2(10.5)®
2y 7 ERY 22 18 2 12(66.7) 8(44.4)*
5 B 23 17 4 10(58.8) 2(11.8)®
ay 8 EB 25 20 3 12(60.0) 7(35.0)*
B 21 16 4 9(56.3) 1( 6.3)®
Day 9 ab
EB 20 16 3 11(68.8) 5(31.3)
Qverall
means
B 68 52 11 29(55.8) 5( 9.6)®
EB 67 54 8 35(64.8) 20(37.0)A

Y 20% glycerol, 20% EG, 0.3M trehalose plus 20% PVP.

2 Blastocysts.
3 Expanded blastocysts,

AB.abVajues with different superscripts in the same column are significantly differ(P<0.05).

F& yeou, $A3 Foa= AR HA Wkt
FE AoluiddonE SSAY 52 §0F hat-
ching Wi¥FE 7|7} 2] AL e&EL 745 ) Y4atd
QUi E7) S To] 44.4%2 A (8/18) BX o€}
TR 2 4AL veEo. #8534 02 hat-
ching ¥\¥tE 717429 A d&-o M= Sguuty
71 3 8(37.0%) o) ¥rE7] 3 3(9.6%) 2o}k &
93HA =& AAE JERTH(P<0.05).

V.o &

& FATY R854 (vitrification) o Bol o}
|5 BAge] ol A XY AFEFo| FL FHEE
A EGo dntEo 2 o o] 45 B53HEe su-
crosetfAle] trehalosest A&l PVP7T 712
Z228 2 BEYo] & £ B A3 54, 3
F A& v AE I ARG

EGe o 3¢t & #33] $AREY A9A-
glycol HYEA Foll 714 A o], A 2ol B4
o] Fo] A, §alE YEA o] Hojd FHBEA
o] (Voekels} Hu, 1992; Miyamoto$} Ishibashi,
1977), & FA @Y F4 BE) o) &H& £ 54|

2l glycerol, propylene glycol & DMSO ».o} ¥4}
Fo| Fro} 4A AT IAFHZ, §3A) /A AA

£ B3 o|t}(Mahmoudzadeh £, 1993).

H I EA SraHE9l sucroser AMtEOR EH G
A o] WA AL YA AEG 2EA
22X go] o]fHE EABA 4 $ATY 23 F
Aol Fo] o]gH}(Leibos} Mazur, 1978; Ralla}
Wood, 1994). ]9} 7& 222 FZ0] trehalose7}
HAEAE o]25+1 trehaloser Be 8 %
Atel] M xgte] 7153, 7324 Wsgle]l 524 o)
He E U] ©3lE 4ot} Trehalosew ¥
AN olgHE AR 2R Fol MY Bl B
35 T3 AdEoz FA ] e AEa) &4
& FA g 7P A &23E vehlle BR2A
FAN JASHND FHRIAS S AEING
o] e SANA 4 SHRIAE AANA
FHLRNTE £RTY] &3 FAE8 B8 243
FRREQ PVP, polyethylene glycol € ficoll
3} Z+& macromoleculed] 7N 248 B2 BE
o YFES F7MIIY, AN £ 2R w2
A J4E HTE B3 32, Al XY ice crystals?)
HAZHE AEE B3s FE 4L /AL YUt
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(Leibo#} Oda, 1993; Fahy%, 1984).

PVPE BA30] 30,0000/ At £2} 2224
4§94 AE BUHE EEgomzA JFRS
shock& WA|32Z g9 ERTHY $AHALE BT
81, seeding® 3R ¥ F% 54 B A3 ¥
AdAE PVP7L &9 &3t} 3hdzte] 2318 F
e 29 4 e AoE BIFHT Qo ofF A%
3 712ke AR ¢ Aok (Rinfret, 1963; Maz-
ar, 1960; Saha%, 1996). %3} trehalose$} PVPE
&3 223 2 BEYE ol &I, THA 74
Yol M2 58 e 4L HAAE £ s
(Kasai %, 1990).

B AP 2438} §2 £94024 40% EGS 0.
3M trehalosedll 20% PVP7} A7be & A9 437
& 57 RES ¥ $IHHF 5 $AHEF YA
o2 g FAHY YEEE 95.5%(274/287) 2
A gL AFE 4oy, ST AoA 24~484)
7l F HELL 18.6%(51 /274) 24 4 ¥
A8 A

o]4e] 4 A& Saha%(1996)0] £ A3 £9%
ZA18} 54 REAL o] & AP _E A
3 54 g3 ¥ 70% BEEH 43%9 hatching Hl
WY g Aol B 439 Aol dvtd AE H
fo, 2 713 el g ¥ B A7t
IR KRR B g

¥ ETPE9Y9 B7e ¥FQ dextrose] 7t
7t & ALFAH/Y 223 FAo FEE vAE A
g AES A3, 2238 54 §AAF R
HEAQL 89.0%(100 /115) 21, 24~482)7F F<t
Aol I F AEAQE 35.0%24] ETP £
HG o] 45 4 A5AYe] 243} 5 ST A
F4e v8 T2 AFL Ak ol T A=
dextrosert AEo] =4 LAAZA gL 39
(Clark %, 1984; Fahy 5, 1984), 243} $28A &

g 22 & FoluEM ML &4-& E)2(Sut-

ton, 1992), FA BN TR IA S #Y JAFE ot
FraA (Utsumi 5, 1992) H&8& F7HA0A &0
€ olE9] AAe A HE Aoz Yzt

@H ETP §9& o188 223 44 PVPY
Fre] 298 HES A3 PVPY ¥%(12%, 20%)
o gEtMe 243 54 §3F AEA (Table 4)

A olE JEA ¢oEEA] Saha 5(1996)
o] A9t AR ghe AL B

L 559 EGHHE FHRIAR ©]8-319 4 A
9] FAT/E A3 2L T A%, EGE AFHo|
Fol AXYZ #Y JAF7} Hol MEo} 54 EHE
Yehd 4= 9l ou 2 (Mahandzadah, 1993), glycerol
3 ERF 243 T2 BENE o83ty YT A
3} GESD¢} GETPAM Zt2 243} §2 #3319
AAAZE B AY wFAN F AEES 7 69.
0%5(80 /116) 3} 60.4%(64 /106) 24 A )77l
Zolg JehlA Ao, EGE FRiAR @5
Ag% ETPSF ETPD Aol sty 52 43&
dRew, %3t hatching WWIE7A] | 22889
AIIME 2zt 26.7%(31/116)F 23.6% (25 /106)
2A EPTs} ETPD Aol Hlste] @A & A
2L A} o]4Fe] 3L SaitoF (1994)©] GESD
4 & olgate & AYFHTE 248 T4 FHF
d& HEA AEge F2 438 Ugey,
ST HEAl T2 Foe £ 439 AA9 dA
3= 78S RAth .

T & A9 FARY 2 8% AEP) I9F
€ "AE 8122 AL wgEE viTtEsA
G55 = w g el uet T Y29 Y A
o FEE A2 Uth(Saha 5, 1996).

B A7 E A8 1(Table 2), A3 2(Table 3),
A4 4(Table 5) ¥ A3 5(Table 6)¢] 3%, A<
VYA 57t 793 8U o) A4t wiwtx e} g wint
7] FARE A3 2, 33 24~48R17F Wi
NZ F A9 PEEo] 6Y} 9o ABAHE FAT
Ao AELRT $4% A0E Yyt oe] 4
2 & Takagi 5(1994) ¢} o8] 71A] FHRIAE o]
f3te] BAFAF YEAo] 7~8YUs A £
o] FElF AFTAol 9ol A FAVET 73}
Ao ByE Azel= dXstgort, Saha F
(1996)°] ETPg494& o435 243} 54 4¥ 2+,
799 A8 o] 8d3 9G] AAE FHALR
o 52 §F AEYo) S5tk Bad A=
tha &ol7t itk 0|9} & A A 54 £
9} zlold)) 71Q1HE Aoz AzEn),

£ 4399 AaE Fisld 2y & g5 dE
A3} 344 ¥ A%, £AR Aguiddo] w

—-314 -



A Wy 7] £ATLE A5 FAREY] 74
e BAQle] 7454 8U AAE FATP| FH,
$AF ABA o] 03, dHEA AoM e 27)
W) FABR R SRR )5 o] AEA
o] ¥ou, A3 FARENRY THEL glycerol
3} EG7F £ GESDE Y& o] &3z Aol 243
32, 3% AEY 2 AYEHEE FMNE F 3
t}. 89 EG$} trehalose @ PVP/F A7l8 2213}
2 REAL o]4Y S, ETPEAd F57(dex-
trose) & ArFshe Ao EFH Aoz Aztdd

V.35 2

£ A7 AeAEe &4, 7 37t
FAREY & e 2A3 FAYHE AR 98
o, 23} $4 BELAYe] FAAFE} dextrosert
S A FA Y FHARE G F A9 F8_H 4=
Aol X ol tidte ZAEI T
1. ETPgdelN =A3 $2 ANIF §asto
24~48A17F H i gate] AL BEG] YoM
A e YAl wie} AALE vty o Sguuy
7] AT AGHUELL 6Y, 7Y, 8Y 2 9
o 22} 11.9% 19.8%, 23.4% 2 15.3%24 A
g7z Add Aole gKou, dsutAy
AL wE 7} 15.2%2A4 SAnEs] 9
23.3% K} §-o35tA @koh(P<0.05).
2. ETP 243} 52 ®2&EY) o F7H0.375M
dextrose) 7t 2748} 54 S F S vlx
e 95 AES A, Aduigdel) g F4
S5 AEHL 790 AR FAPo] 54.5%
B2A e 7(6Y, 34.6%; 8Y, 37.9%:; 94, 13.
025) R} ¥& 43 don, d3aAY 5
AT ASHdMe FPREs] £33
45.8%FA WWE7) FATL 25.0%H B
oz f98A EHP<0.05), AF 19 A3}
& fAE S BYen, 38 AtE A8 o
& F& AEES e
3. ETPZA3}l §4-8Yox PVPEE7T AEA
nx)e 9% AES 43, 12% PVP H7+
(20.0%) ¢} 20% PVPA7112(19.8%)olM 52
Folate] 24~48A17F A g T AR
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AYgF Fol7t AFHA ggtony, WEUAE
AH N Zpo|7t Q1A ¥ A) &3kt

4. GESDEZE&9& o8-8 243 T2 AoiA
79~9Y Apolo] HAE ALY FL A8
Bho} 24~48A17F A dujgei] AL YELL 8
dxo Y AT A §AF AEAl
94.6%2X 79(71.4%)% 99(40.5%)° A4+
¥ FAIRY o3 e 43L 494
(P<0.05). &9 A3} 54 4L g3t
A JujFAZ) ¥ hatchingZhA] Wi%E A9 @
82 8dA ol YAE o] 35.1%2A 7Y
2] 28.6%5s} 99 16.2% 1Rt} L% AAE o
o] 24~48A7+ AL A3} FAH AFE
LR L=

5. GETPSZ £9& o] 88 23} 4 AojA
A oJulFA (79 ~99) o) uwhe} AHE FHBL
FAgEs AT T AYuiFAA F 4
#2493} hatching WIRE/|7A Y A g e
vk el uiet JatE R FEL AR Zpo)
7} QAR oo (P>0.05), ¢aeAE A
ANME SAuukEs|7t 37.0%2A vivrEs)
FAT 9.6%10 FAFA & AL 4
tHP<0.05).
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