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I. #

il

AREBRITRHRY KV — XD 1H) LEEE KROFE 3P il N35 glucose nffi4E O
BT 2EROMBE LTl b DTH 5,

IHE T, WAWARTEEOEK O MOV Tk, opacity ORKICET 280 b,
FRENOBELELEE (Luyet 133 %) recrystallization temperature K+ \ 3>3° devitrification
temperature & &3 TV f) D bR, LA ThXBEEOBELIHY L LASTTFEROK
NCEBENRDLDLEREY ShTvwb, 01 Fk LT glucose i@ T L B SIREHH
Fxp, 2M EHCIE —40°C THB L bR TS,

—7%, glucose WK DELL O pattern O~ TiL, Luyet and Rapatz OIFacP i, 10%
glucose » —40°C gL L, DDOFEEH 13 (R © p. 25, Fig. 14, photo 2) 8 xh T\ 5
72T, TR A SR I,

AERRTIX, glucose BRAYHBE LTTDOBEY» L, TREERG L1 2 EHEOK
Ko pattern % L6, BB L EFC R I 2BR/EGAORNLBEHEHCEE LI DT
H%5,

1. 5 %

B BRI, BLIROMBOBE L LFAKRTDH 5,

FEE LTI, 5%, 10%, 20% @ glucose g % Bl 7z,

RS D% r, —50°C D7 —1, —150°C D isopentane ~DEEHA T, INRFE
‘L, J% 1°C/min OEE TOMEEMER &, —EREOHHIEC 10 55 M-S520% { MEHED 2
D BT,

214> cover glass IHA CHEFRR A BHBTHA LT, oS REY BENE cBlE
THIEWE, A EELED IR,

AR s "EZ R LG A—&FETHEETH L5 2Ld TRV 58, Ml
FLEE TR T LLFA—Tl v a2 T, BdT2 X5, iz 10% %C, =< Bl

*OAERE R EE R UTAATER 650 F
EBRZ £PE $238 RM404E
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B}z evanescent spherulite, %D Rl coarse spherulite, IE{ZPNIIZ irregular dendrite
L, Bt ko THE D pattern DRI B ENHED O NI, F o WEICIZT spacer %33
<&, ML EDT, FXomEsndic »os i,

III. #% 82

1. 5% glucose &7
A. —50°C COBRE

1) #HED pattern

PERBOITEIROBRAZE 45, MiED —50°C g iz —150°C FifEd pattern iz (]
TNDH, ELZORMNELS, BMBIZRESNBOPPRNE U OEEROEEDRE
TEONBIRDL, BAETREBO2Y 53X MREETHEH, EBEXETH FTEBORKIE
BAREsEHons, crystallization unit @ center LI FHOODODAEHLONS T &8
£,

2) MRz k3 EES

—40°C £ CRARELRASNIT L, —30°C 12735 &, center ITH DR FHEDE DHK
&L125, FREERBEOIRCELT, BEABCGEVERLOBETSHE LN, REIHE
WMUTESTERERD, BFOLRBETS LIRS, choDE/R, BHRLERT
LB i, ReBEHciRsEERtcchbasdoh s, —20°C ¥ CREMBLES &,
MEEOKERELENES>T, CORNTFHODDOWE, —WPHERTEEIICRAZ DN, KESD
HORMALTHEOLDKRBIES TITL, FAEIC, TEics 2 3E%0 pattern OIEFHREER
RPEHOLF L BERLO»ONKBIKYONS, COEREBHEORE3HEDOKRR
BELT, HEMORMNE T 854, RETOWHBEEEE THE>TVSE, CoRE
T, FEROEICA DN ERBBEE SR, WEROMIIHELTD, KBCEPLLT
BrkE1L 5,
B. —150°C TO &

1) FE#D pattern

—50°C DEREDOHE LRI CR2 LELVELOPEREED LT, PP EIOE
COEHEBETHRERCEIBENEL>TOILICHEZE, L2 ZOEREKOBDOOES
ORI, WMPRNFBBIEL TS,

2) MR & % R

—35C iz % &, FEAEEILHELTOHEEBICTD, HNTIHEHT, —30°C i35
L, COXERBEITNTERORTIRESTLEI D, 2O0EIOBENIS &2 5 PEH
BEDOHDIRMRE L TLREMEHERY, Hi —20°C TRENSLATS L, HE¥0I
FARCES> R TFREET O OMA L THR D REBKRICN S, FABCHERELES &
POR&E AN, THENEKBCBETT 5, FETE, OThbBFREFIBERL TS
TEBbmB,
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2. 10% glucose &g
A. —50°C Coiik
1) Z#Eo® pattern
4T irregular dendrite T, {H2OTERO/NIRHEILRBBEEZZ L TWV5, 5% BT
HHNI K ERFRD b DI,
2) R &5
—40°C FTEBE, FHRTRBALEENIALEDSNETO DI, LTI ETERBRE L
BoEDBAT B, MEFAKELTH2THIC opacity 281F, —35°C T/ S 10T
DHDMEDLNTET, KBICHEEHL, PHTLEAEED L)1t 5, —30°C TEZzORE
Moo R, 104 cERRO/NSIDKBEIRTFLERLTETORALDOND, COHICRE
TEROFEFR LT HLNATL I, FBLASBRKETELN, BBEENSLAT 5T
THEa D size REPRELIEBM, Bk ~10°C ZBEE 510 LORBENEE S,
B. —150°C T @ik
1) FikE® pattern
—50°C ffED DD X D Eio /N XL HTERERE T, irregular dendrite & coarse spherulite
E D E B ) N & pattern EET B,
2) R X5 TR R
—45°C TRBDTHITHE, —40°C TRHMPEDIE>> & LELEL D% 0 EELTHIE
K% crystallization unit QIR ONBHEENAH AL TL B, —35°C, —30°C LREDH S
HHEFEENLOEFEABRICHES, FECaE&E LT opacity 39, REFakL LT
8505, EOROHMGEE X CBETSE, —50°C HREO D DIRUTV S BSEIRZN LD HHH
BRFO—EICRON TN EOBHLMS, —20°C Tk, ZThOoOHTREELTE>&DX
BELTAEDOND LI D, AHLKLHUHAL LS, BirRENLEDS EMRRER
%5,
3. 20% glucose A&
A. —50°C CcoHERE
1) ®EED pattern
BT, PTIICBMBE I LBOLNSFEE T, crystallization unit @ pattern [T 4 &
HEEN, EYTIE, Maltese cross MIEHLINL TS, SR OBENIR- 2D EALEDOINS
D, coarse spherulite & Z S35 ~xXsDEBbLN S,
2) Iz kB HEEER
—40°C T, 1A TR L@ L THBRERRESE-> 2 0HELNTL S, 3TIES 7
Tn?s D opacity 3L, Maltese cross A3 REEIAE 1%, T REFSEHPLP rough 7DE L
215, —30°C 7D T opacity DSIRRICEL 7213, REF—HCED THEMTSRFNEZ
o, TNMRET 2> TRRRFHTEB (8> TL 3,
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B. —150°C ToHifk

1) FH#D pattern

AREBROAY ) - ZX%BUT, EbAEEMRBITLL pattern 185 507, TIEDHYEE
YT, MEBBDTHITLRAHADHARERME A Z20H, [ TEER L Maltese cross
OH % B5MED evanescent spherulite HS > T 5, LrdE L DFA, BRI 10~50 4
& 100~200 1 DKI/N2 DD group 4, HIBEBEL T3S,

2) iRz X % LR

-%Té?%%ﬁ@@ﬁif%p%WCf@%%&ﬁﬁKwmaﬂ%&%ﬁ%(ﬁ5®ﬁ
EEHTELLOND, BICHFHMCBEZET 5 &, center 25 FTIC > THEHR I i i
ZMOES> TOBEDONbEB, FBCEE TR Maltese cross MARBMHELLD, £Kk&ELT
opacity 7334 L rough B U a8 5, —30°C 71 T opacity 3B RIcET %5, #h k&
DIRERELEDE, BT RELN, Hr2ORFARELRE (LD ICH> THREFIEY
B3 K7, —10°C 24z 3 S BRMSIAE B,

Iv. & =3

RTHECL> TP T KR O pattern 255 &, WBOBEI XY, Tl
DIREI LD, WALABEBDKENA LD ONT, MIBEMORENENZE, F oo
DORBEDENIZ E, STRTIKEICITL irregular dendrite 234 O 4, PEENELEH1E3E, £L
THEBEMMEL L 313 E, HTAELKRITHFH T T coarse spherulite @iV |3 evanescent
spherulite 734 5 177,

iR &> Th < 2B, initial pattern 2R 2 L ZHZDORBS RIS 0, AHY
{212 559" irruptive recrystallization 733 &%, 518l T migratory recrystallization (Z 1.5 D5
AIZDOVTRBLIBTHALL) KBTT2EZBLTIVOLL LG, KRESRKRICIL
evanescent spherulite T, ZNHRHEHIE> XD E A LD O, opacity BERICET 3 %
TOBEE, WHTBROLDOUENBEEL THAOKRLBLI2BERED 2DFT 5L,
HLOTUHEL XY, ULALRELEERICEY irregular dendrite Tid, #j2 D irruptive
recrystallization I /M T 2 BEM > £ HHF, opacity b £ 11T L X734, initial pattern
o EE/NRENOSBEINTFIE OIS EIES migratory recrystallization &ivo T EinpE D
PREODPSIIND, ERPCOBEBNERELZ>TNDIEITHD, 727 5% glucose KT
HoNBHRTIRO S OB, MEOFY (HEEENERE) I PR DEMT 25, PHTEH
KLTLESCE, $7:10% glucose #H T, MUXSCHTROSOBENT 24, co
ARBERTROINOBRICRIEAOKRBICBTTACEL LR, EOX>THPLTIO
DH, TORERMTHLDhbMEE, Lirl, SEOHTOMENIRIRD EH5EER
T, PERBOIIERROEARS pattern & FREREEOL DD LS i Bbh s,

glucose KO FHREEIC DV TR, ZMBERTAEINT —406°C HEINL T
5, REBHTH 20% W A1M) 0bid, —45°C ThdhicElbhist b, —40°C Thils
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D opacity DN GT B OB EH I, 727 Luyet® 3AEOEBE IO EZBINIT N E
WRTNDEY, AERICIDE, BESETESMEBEOEMIIVERTEE5LOCE
bz, Lel, COBLOBHRARLIVIOE, BLIRTL RIS, HATHAL
HERESTVB ki, »LEUOHBRE> TOBEBENTES 1D, EEMICE>EDEL
B ETACERIREETH S,

] T

1. 5%, 10%, 20% glucose IK# % 2 ¥ D cover glass iz A FHEBRE & LT, —50°C
i3 —150°C THfEX ¥ 5 &, irregular dendrite, coarse spherulite, evanescent spherulite
£ pattern ZRL 7z, EIBEEOBENELNLDIEZY, TLBEMBESELCLEI I ERTEL
KEBIWCHE DWW,

2. PEoBERREMRT L, RPOERFRE>THrIZDDOERSZH, #MEL TH
HFOWREREN KREORR/L SHKROERRESORBNLLEDONT, CHLODHR
id —40°C D SHEED, —10C 2L TRMBOHE 5 % TEEMICRBL 2, BRORE
BEL, BEHRBEOENGOIE, BRE»SGEMNHETD, 2BEESHRCELIL,

X ik

1) WIEANESR 1965 BROBEN I mPHokREBEER KERY, 298, 23, 149-156.
2) BYESAEPB 1965 BEOBRE 1L glucose Mm#th o BEiE. EEBY, £9H, 23, 163-172.

3) Luyet, B. 1939 The devitrification temperatures of solutions of a carbohydrate series. J. Phys.

Chem., 43, 881-885.
4} Luyet, B. and Rapatz, G. 1958 Patterns of ice formation in some aqueous solutions. Biodynamica,

8, 1-68.
5) Luyet, B. 1960 On various phase transitions occurring in aqueous solutions at low temperatures.

Ann. N.Y. Acad. Sci.,, 85, 549-569.

Summary

Five 2%, 10% and 20% glucose solutions were examined on crystallization and
recrystallization in freezing under the same experimental condition as described in the
first report of this series.

Results obtained from the photomicrographic study showed a wide variety of patterns
of ice formation in the initial freezing, such as irregular dendrites, coarse or evanescent
spherulites, depending on the concentration of glucose and on the cooling temperature;
the lower the glucose concentration and the higher the temperature, the greater the
likelihood of the formation of irregular dendrites, and, conversely, the higher the concent-
ration and the lower the temperatrue, the greater the possibility of obtaining evanescent
spherulites.

Recrystallization upon rewarming was a gradual continuous process ranging approxi-
mately from —40° to —10°C. The main changes as follows occurred successively or
sometimes overlapped during the recrystallization process; appearance of grains, increase
in coarseness and in opacity, visualization of ice particles and their growth.
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Wit NEB

M B B @

TRICHDLTO—RITNFEIB IHEIFLTH 3

U
MR T-1
I-2
1-3

R I
HE T4
1-5
1-6

B kg TI
R -1
-2
-3

E i IV
Akl 14
-5
-6

W Vv
Bl -1
M-2
-3

X K VI
Ak -4
-5

KM VI
Hopl -1
-2
-3
M VIIL
okl -4
-5
BOIX
2l V-1
V-2
V-3

KM X
= vi-1
VI-2
-3

5% glucose, —50°C Bk, X —50°C

Ak —40°C, Farzfhizine

AL —30°C, ElTldbh s, FRETENRBEOT ST ORDbNRS
DA Z 5

Ak —25°C, REtTobbhakdICR?
Rl —20°C, »iup L@ 2 EERER, EAEELAXEctETsn 5
Ml —10°C, #EAHEE LN THEASARTRACED S

5% glucose, —150°C B, Mg —50°C, FHRBEN LB L3

Ak —35°C, ¥EEWREECHEL LT, @t chTRod olE

Al —30°C, zhoRbio@MmL, BETLALELICns, Mo TR
BARERST S

FLE —20°C, Hx0RTRPPRELNS
B —10°C, BicHAL | K#sBmcn s, EEEEOREIKEL (FELEH)
Bl —5°C, BRICEBAIEE » T3

10% glucose, —50°C Biks, XfiE —50°C
F.E —40°C, 24, FBHTRPL 2 b5 X MET
{1l —40°C, 104y, BEiciid

ML —30°C, 24, iTfkoboHbh 2
AL —30°C, 105, By 2

10% glucose, —150°C FE#&h, i@ —50°C
Ak —35°C, LEHEAETLR > 2 OBMMBESALLELILERS
FE —30°C, &afke UTHABTFRECED D, opacity 8T

Ak —20°C, {4 ofkiFi2oPHA
.k —10°C, Hizk& {7y, MENEE S

20% glucose, —50°C FFi, XY@ —50°C, Maltese cross & B oh b
Ak —40°C, 34y, ®% opacity #9
.k —40°C, 104, —J8 opacity #§ UM#ic 2 3

20% glucose, —150°C HifE, 5t —50°C, ko crystallization unit 254 54 3
R —40°C, 24, @XTCo2v 52 1t0Bb5

.k —40°C, 5 4%, % opacity #7, LEI T center KU border line 0B E L
T 50 0nHEE
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L 5% glucose, —50°C Bifh




; T
K 1L

—20°C




B ELA

1I. 5% glucose, —150°C High

_

_

_

|




KR IV ®rOFF

—10°C

—5°C




B i vV

1L 10% glucose, —50°C &

—40°C, 10min
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—30°C, 2min
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Hpl IV, 10% glucose, —150°C Bi%h
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