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Study on temperature factor and vitrification rate in vitrification and
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ABSTRACT In order to reduce the devitrification of {ish embryo during the cryopreservation
process, the aspects below were studied: temperature change inside the straws during freezing
and thawing processes of vitrification, thawing time of straws in water bath and effect on the
vitrification when the straws thawed in water bath and vapor respectively with and without
eggs. When the straws loaded with vitrification solution FVS3 were plunged into liquid nitrogen
at room temperature, it took 15. 46 £ 1. 38 seconds for the temperature fell to —196°C from
13C inside the straws, and the cooling rate of the freezing process was 800°C/min. The tha-

wing time was 6. 17~7. 94 seconds when the vitrified straws were thawed in water bath (37~
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45 'C), and the warming rate of the thawing process was 1 500~2 000°C /min. The tempera-
ture of the vapor at the surface of the water changed from 25.47°C to 38.6°C when the water
temperature changed from 37°C to 72 ‘C. The vitrified straws loaded with different vitrification
solutions FVS1,FVS2,FVS3,FVS4 were thawed in water bath (37 'C) and vapor (28.6 C) re-
spectively, and the vitrification rate was also studied. The result showed that the vitrification
rate was higher when the straws were thawed in vapor than that in water bath and the process
was stable when the straws were thawed in vapor while it was unstable in the water bath. The
vitrification rate showed a trend of rising as the concentration of vitrification solution rose. The
vitrified straws containing embryos of Japanese flounder Paralichthys olivaceus were also
thawed in water bath and vapor at the temperatures mentioned above. Result showed that the
vitrification rate was also higher when the straws were thawed in vapor than that in water bath.
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X MK LS R G AR Y BRRTE DT SR R R BUAS T B B R . fE 85 8 Lareolabrax japonicus (MK %
2003) . F#E Paralichthys olivaceus (7K BEZE  2005;Chen et al. 2005; T3t A%  2004) . KZZHE Scophthal-
mus maximus (KB 20052, LR B R LOBIER B BRI R BAL G REFE EFL RRER
RPBMATEERR. FEBCEAERKES AN, R QI ABEEAEREARIALTEBR RRENE R
B EAKIERAHGRE L BERANE S R 2002), HEAXKIERNERERSHABHEIRD, BE
BB AR 4k, X F R AR i BUTE AR B D s 1R W1 AT 5 e 0 R £ 21 PR TG ) 305 8 A 2 VR TR 0 U 5 R P 9 O B B A B
S, R BRI IR B YA VR BLTE OB, 5341 i TR LY o B TR IR % ] F R 45 il b 2 W 0B A0 A L 5 AR
WRGERE ERBHAATIBFTERNE—SLR . HEZIANERNE W, SHERENAERE FEYT
MEREWZ W, T EAFHAERIER LR HLERTRSREARE. AT HELMHKBHLR R
BRB IR SR S A S A KR B A R R E R R R R M B R AR S R EE AR
E AL SR B X R B E B A FIREKG PR R E, KIEREEIRENRMAAR, BH
ML B B E B EERPREMAE KB PRA BB REMHTTHR.

1 ##MAFE

1.1 EwigEmH

FERCRRVR BS2(HKMES  2005) 8 6 1,2-78 WA mdk 3 ¢ 2 A9 EL 1 e i AR 3296 .35 %6 .40 %6 F1 45 %
BBt 84k FVS1.FVS2.FVS3 il FVS4(Chen et al. 2005; BRtitk% 2003), B FERTHAH. HETEY
EERKBER BKEEETHLREEMNEE., 5L AR 14 A lo~15L WARH. £ 13CER
TP E R #EK 500ml AR, H FEE MGG FERE . A E1g 38 TR0 ool 6 B R 0 2 1)
A, AWE IR ABE LK. A HRRIC R R B G REE

1.2 BBUEBEELEABAEALTERNEBEENE

16 12~13 CEB T . FABEEA™K CASSOU FH W E FVSS 3 BALM 250 pl, — %3 O, 6 8 B8 k
HASHEBILRT:EEETEEAEEHARATA G, ZREEVEHE—196.2 C;REHFERL, L HE
A3 CRIBPMBE, ZBEAE 13 Cafsr il EEBA L3 CHEAPEE., BMESEARLEHETX
25 BT ) B0 FHOTL 328 ] R RS0 S VR BE AR AL , 3 FAC RS R TR AR A i 4%, FR R R I R R YR T A2 P BT R A B ]
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1.3 HBUZEETEIREKS P RFRERBEUE

7 12~13CER T, FFH L E™ CASSOU & W FVS3 B 250 pl, —Hisf O BEHKEAE
NS HEEEABRATLEE—196 C,RF/HFIE 35~45 CHRAKBTREF, BEFBRE 1CHT
6 YR SEHy , 7E AR VR A AR PR B HE TR B R O LB S MR O S R, IR RICREZEHA KB P ERE
BE 12~13 CHT AR E .

L4 KARABRSBEEHONUE

) R AT SRR KV B8 5 KK A RLBE 4 BN BAE] 37 #0138 C LW KERE 5 mm LK BE, RIS HKE
BEEMN 38 CHBER 2 CAE 1 K. BREKHFBEASS 72 C,RESHHE 1 K, EKEE 3 MR AE
HEEKBHEIHBE.

1.5 ZTRHEBEEEEKBNESPREANKBLRNE

FEER 18~19 CTF,F A 300 pl EE, 4 IR A 250 pl FBEHILM FVS1.FVS2,FVS3 fil FVS4, B
HO,EERABRATHBARE 1h AGHEE S IEKRESIFKBIREER. ZEERITRETER
KBEERE S0C, W KB EMBESRENR 28. 6 CAEL HEENBAFRE , 5KEFITHREKBES
PR, EEEKBPBEFENR GABBRBEMAD 37C, HEENBAPRL EE/AABPRE. &7
WIRTR 10 XEE ,RREH 3~5 K, BHRNFE MBS BB LB HHRBEAR,

1.6 ANBEEAEEAEKENESTRENBEBULRNE

EERE 18~19 CTF, 4 HIF AP FVS3 M FVS4 :
BT HE R 2 IR 40min, ¥ & JE G B9 BEBE AL MR A
300ul WEE, BERA 250ul HBHELR . BESHEMR S
B, 3 OJEFBARGRE, J& 0 HTEKRENERITHER,
HNBEHTES L5 MR, LBRER 9 K LT X B EM RN
M B,

1.7 MiEsE =

o s o7

T e

ST R P SPSS Gt BOfE o B K 5 £ A (One | %ﬁ%%%

way ANOVA) FEAT4b 3 , 7R R B8 41 2 7] #9181 0/ 2 3% 1

B2 (LSR 30 #4758 W8, HoA % R 7 AR 20 o,

bycydee) 76 P Fh Ze bR 22 00 T i 0 B 4 e
ERABEP>0.05), FHARLRERBE(P<0.05),

2 &R

asb,c,d,e,f B SHMEEL I K 13, —196. 20,
—196.20,13.23. 44 H 16.48C

2.1 HBMUEEEREFRLEAMAKABRFELIREPBEETL

The temperature of a,b,c, d, e and f were 13, —196. 20,
B1E8R7T FVS3 ik flHESHITRHRMNBEN —196.20,13,23. 44 and 16. 48°C, respectively
BPRERERER, B LR 0 TR a~b N KT M1 ZERRBEBAER A
B IRBEM 13CHEEI—196.20 C,b~c NE WA+ #0F A ORI R 2 A 2
B R, c~d NESTE 8 CABIRETE, d~e~c o Fig. 1 Temperature curve of vitrification solution
EHEM 38 CRBHPBA 13 CHASFHHRLRE, a,b,c.d,
e f & SRS B0 13.—196. 20, —196. 20.13.23. 44 F 16. 48 C, HEEA LB FEEM 13 C/E

in straws during cooling and thawing
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£1 HBUZEEFAKBBEETHRARFARMEG, 2=6)

Table 1 The thawing time of vitrification

) —196. 20 “C T IR EHE Ky 15. 46+1. 38 s
(n=12), AIRAETLTHENELTHTE
BRI EENZTRA3 COFEE—196
C, IR EERAFE 800 C/min,

straw at different temperatures ( n=6)

R

Thawing temperature (‘'C)

- 343 gt Vg 0 [

Average thawing time (s)

2.2 BEUAZEERRKBEERBEE 35 7.9440.73
A B 18] 36 7.84+0.97

37 7.9340. 38

KIHE 2 BT HBIESFE 35 18 7. 2440, 36
~45 CIK ¥ % VR B B 7 ) (6] B A L 1 39 7. 1140, 46
L, MR VO BN, K E B N ROR £0 6. 75--0. 68
EAZE I3 CEL BRI E SR 41 7.02+0.17
(&) B 2 1R V) R T 3 9 4 0, I 1 B () 42 6.6740. 49
7.94+0.73 s, B BFfA] 6.17 £0.51 s, 43 6,170, 51
e 35~37CHREGENE S 42~45 CEHN 44 6.21+0. 38
ML E B EEZ R (P<T0.05),38~42 15 6. 5610 28

COK ¥ o f UR B 1) C R EEE R (P>

0.05)338~42 CK ¥ VRNt [E] R 6. 67 10r
+0.49 s~7.24+0.36 s, M35~45 CH |
R R R BN 106 C T 13§
CHfRZREFEALE 1 500C /min~2 000 g‘, 8r
C /min, g .l
=~
2.3 ARRERSEENTLESR z
-{d\—;v
B3 Bk TAKMIRELE 37~72 Ci ¥ |
FBl A, KM SR T 2R SR BE AR 1L, B & 7K
BERENAR . REHESKMWBREREZ T Y5556 37 38 39 90 A1 42 43 4 45

8 VR TR
B2 B AL B AN R KR BE T A VR 1R A L 28 (n=6)

Fig. 2 Thawing time at different water bath temperature (n=6)

f& Thawing temperature(C)

H. EHEN KBS REESWIRELE
25.47~38.6 CZAIE 4L, 454 2t
HEREKBREESREN L 5K
11 AKX e KB IRBLTE 37~40 CH, R

O 45y
HRAORBETE 25. 47~25. 67 CoRRER 2 3
42~46 CHf, ZTWBE K 26.57~27.5 =z
CoKIBREN 48~50 CHf, HSBEN ¢ 35
28.4~28.6 C ;KIS E N 52~54'C B, é .
AR N 29.73~30.33C KRB E N g
56~58 CHf, X IREH 31.3~31.67C; & 25
AU RN 60~ 62C B, HTBEN by, |
32.27~32.7C;/KIBRE N 64~68CHT, “ﬁ
ZESIRE RN 35.73~37. 13C; KIBRE R M S e 0 17 17 96 1550 525156 58 60 62 64 66 68 70 72

70~72CHI,ZZERIEHE K 38.27~38.6C, 7K# 8 B Temperature of water('C)

PLE 11 AR R o KA A, 42°C A 64°C
THERAREHTERREERRE I E
B XENKBRGERBELEEE

B3 AEKBEETREELBELRLG=3)
Fig.3 Temperature change of vapour at different

water bath temperature (n=3)
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ZF(P>0.05) , BN K ZE LA B EHEZER(P<0.05),
2.4 EPEBUEEEABNBSTRENEELCRILR

B 4 R AL FVS1,FVS2 . FVS3 #1 FVS4 43 HI7E 37 C/K I f1 28. 6 C /KBS P MR ot B4k
HIRFF % FVSI~FVS4 MBIk E B P ETHBARERIE 7 37 CoKE Uk ot 9 3038 1L 2 5 7
37 :45. 841.39% .48. 27+ 1. 50%.20. 38+5. 98 % Fl 30. 08 +5. 43% , WML R E S A M adE, KAk
EETRNERBEEHA L. 32%M 5% KB BB MAN BB R T BEEZER (P>0.05),5 40%H 452
BEBALYR LB A BB ZE R (P<0.05). 4 MEBILRAERSPREN HBBILERSFI N 77.7716.93%.
85.784-2.12% .89. 68+3. 72 % F1 89. 38+4.19%,32 % L 5 H Ath 3 R WA B BEHEZER(P<
0.05),35% .40 %6 F1 45 % M B BB AL M FE R VR BT MO B B AL IR IS R R B EHE R (P>0. 05) , HE AL REEE B

PV v BE B FH A B W I RS SOK e PR R AR U M R BB T R E PR R

2.5 ARNBUEEEARBMESPIREN
WA RLER

BsBRTIETHRFENEETETH
BALR IS . 4 BIHE 37°Cok B h I 28. 6 C 7K
BRSSP H RN BB REER; M H FVS3
(40 %) W4 f5 BE B AL R AR RO T S IR JiR L 72
KGRI ET BB RFFERN 29.15 =
19. 98 %, FEE S PRGN M I BMARTFER N
73.04117.95% , R F BEHEF (P<T0.05),
FH FVS4(45%) F. 45 8- £ 1) 5F 6 IR ff B0 38
A6V AR TR JG K V8 o 8 R B A BB AL AR 15 8
K 30.77£21.15% , FEF S PR VR B B B4k
R F 69.99117.49%, ~HE A EF B EFHE
F(P<C0.05),

3 itig

TEB AL G o 72 v, ) A AR R % o3 B
EZERABA PO, BEMX KR EZEMSE
BMASKLKERESE XHEZENREAZ
e R — N2 2B 03B A0 e
6 W 1R B R BB 5T B B 2= W &R (Arav et al.
2002) , N “BE 3B AL 32 B 76 8 R R O i 72 R R
AR ALY R B B AL 2 B RS R K 1A R R R
)AL AN S B AT LUE Y, SRR R R A AR
IRt 72 o R B AR AL R — A L B R IR R R Y
AR, NER 13 CRZE—196 CHEE 15.46 s,
B EEL Y 800 C/min, X —BEERE
EET I, 7 38 CARB P MG, %
FEREHVRRESH 13 CEARET. 24 s,
MRRERZ % 1 700 C/min, 7E 35~45 CK
VA AR L R o B S Ak 3 A 9 R O D 6. 21

B7K i ## ¢ Thawing in water
O# S 7% Thawing in vapour

¥ 5% 4k R Vitrification percentage(%)

=l 1 b=
32 35

% B b ¥ Virification solution concentration(%)

B4 IRFEBUEETEKBHMESPRFENBBAE(=3~5),
Fig. 4 Vitrification percentage of the straw without eggs thawing

in water bath and vapour (n=3~5)

7K ¥ #R % Thawing in water
100 - a O #S ## % Thawing in vapour
a
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9% 1k % Vitrification Percentage(%)

3% 7 4k Vitrification solution concentration(%)

BS EMBBAEEEKRAMBESFBRANBEBLEREG=9
Fig.5 Vitrification percentage of the straw with

eggs thawing in water bath and vapour(n=29)
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~T7.94 s, ff VR I BB T4 VR IH ], JL-P- R URBT Y 1/2, MR Z 2528 1 500~2 000 C/min, Shaw %
A9 TR BAE ST 1 000 C/min, ERERRHBEBUARGFEBEBAEENBREFE
B AKE P HEREFERLA A 2 000C/min(—196~0 C/5s), 4 MK A B3 A S L 3 B 4 R
1697 'C/min(—196~7 C/60~80 s)(Shaw et al. 1997)., & ANINNIF 50 B R 8B %1 5T 58 0 86 80, I
HXMARMRASTBEEEAFANERSR, EXTEANMNFROKRL . —RBU WA HHEBHR, I MMM
HEEROER E4MELIEERRELERAHNERER/Z(E RE 1998,

MRAREMRN BB TEDL, YEBAEEAEKBPRARERESE 13C, HEERENKES
FENREECBREELRSHEFAR B 1 d~e im, A THEBMAB ARG TRERNSABKE MEER
BMTHREBEBEEE 13CKBPEENDE, XETESMREHIEBRCBRENLS AR, XEERRER
PAZEABFERENSSASTTRBERAT., EXRIRED, FBEALEEEBAIRT R NEH
FAE - BIEHNEASR. EEFHAACHEEENEEEN KB PEL, KN EENNBREALE 13CE
B X — ST A ARG Ve VR AT AR A VR TR B R AE , Mt L 2 %

HEAFKERE T X33 EE W REEETMERR, REERDMXER., EX—LHTBERT
B % R R K IR TH 8 MR R B RS BT A R B, BAR I 2 R 37,41 A 45 C LA SRR R B R] HH BRI B L 2
FEGMERER, KAEGHE SHILMNRE SHEA B EEREMNK. X— TR AKIKA TG 56 E 5
FRBM TR IR 38~42 CRIBPMAR A A FH7E 6. 67~7. 24 s, F RBTBIAGREHNBEH MY
BHEN—L BEFEALSEBNAGIRNIRFE. NEBARFNERE , I RT3 BB b RE
RETEHN, RGP U HESTNIEBEIREIR 57%~78% (HKBSE 2004, HREMNBEEBEALESR
FEGIBRPEENRENRER— T HRNEE, XUATEREHAKRERREENFERE.

HHAEFERRT — M “BRBHRE BKBRMN TCIIRE 72CH, MKREAE 2CRKBEREES
BE#TTHNE HREHESKBENELAEMRIES THBAEZERFNWESBRE, NERERTUE
KB IRETE 37~72 CBY, KB REZESEE RN 25.47~38.6 C,HEHARIREN BRI HEE (K
BUABMPATHEIE 28. 6 CHERPRAN , RAHBERENEBURE RORERBREBEATMSBNESE
BUIE, BN TR B B RTE 77. 77% ~89. 68 %, (A Bl i B & B B AL MOk B A B H o Bk A N 4R
HREE., MABPREZENIBARK, BARE, NS B, FEE SRR E R R R AR AR it
P RO RS BRAELE S HTEEM B, R K o % B R KR, 68K 3 58 0k 503
BRI R AT L AEENEL. BEEFTHRFHER MR (FVS3 3 FVSH £ 8 R BB Lk
BHRRE RESPAEKBNESPRE AREEREERRPRANEBAEBOKRB P REANEELER,
A RNEBAEEERIPHEFRNT KBRS

2 % X ®
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