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EREHOEBICHZEOPORICHT T, HBBWHICTHY 2ERE (BIRE) L2 0BHCH
LMD OEUELE, THENEROEBEEKE->TLLN, BEREOBBRIKEI ZNLD
BFCREEOMBAE BT S C L0 k-7, HEERICRY 3 HROBEEBERLE S &
Urco BHERD TR, EREBRBIEMSIIE L Geo TTHRMICRE LIIGES B0, SERBER
TNEMIMERT B BRTHEL, BICERAERREE BEbN EohoIclE i,
BB TRIZ LT, 8MYDPE0X 3 B0,
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1. EBHH

LB R T E EREEE L Saccharomyces cerevisiae [ U KI5 Escherichia coli 7 B
Too BT BBV FERIEM 27°C 2 QRIEEO b 0, BB EWIKEH 37°C 24 RO b D
%, DI BEEART 3 EER L LB, T NFNERAK T 500 mg/ml XiE 200 mg/ml D%
BEDBITMEM A Eo Tc, S. cevey. EAMATHEMR E T2 &, HREEOBREBLLT VA, B
BEZS00mg/ml 5VWELT2EE0BENRNLEE, —FHE coli 13 S. cerev. ITHEL
TRREPMEC TORFR PO L, BB 2 EHBES D2 OT, 200 mg/ml DOF
WEERC, BEOREEETIE, CORIEBEOERTILSE DRIV, A%k
TRATROMEAHDONCHREOBOBREER KPR TECECHELLD»STH S,
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EERY HYE 198 HEmlesE



60 RIPAEE - B 19 - EEAR R B

W&,

2. EEERIRER

WA I MO X S REBsHne, HRiGE
W2 LTED, 574 vE2 LARTHTRESES
LEBNEIIKLALDTH S, CHIC6mm OF X
THRZANDE ERNOHKER Zml &85, <D
FIUEEORBWEMOOE, FICHED 75 &
512, EIROBE T, T I T B RO
A (D) MTETEICE 5 35 f{gﬁ;$< 4% LT ILRIC

BHDPFTODT, DWANAZE I ELEZTHRLTARE 7 v
A [

B, cOMOABEAOCT L2 bROBRBHESEERD ?—QOmm| {
\ ' \

ik & BEE, MBEVEEELTREMS I PLT € 28mm >

H72, .

FERE O FHIT DT, e BET L iE R
(BUISR)®, D O M BT T 5 & DD EERAOT,

BEERTRIC HERO M EZ LT, TNIC—ZRDOF 74 T4 A—=T v a—- e ANTHAL
PIE EICEBOA - I GE OE 5 & —EOWHME TR T 2, HEHIC 30 %
WTHRAHELLDSE, #5ABED ADEEBROKICE N3 s (FRAOLICANG) O
R LT, CHRERBICE DD, IRERIBRT 2, HIROMRE & RKICERE 30°C
OSTICE LTHBE B E S 2D B,

TR BERICZ BT 2 & D D e BT, hIR OB ICIIE A SR (—197°C) =
VW, FREREEE 2X107* mmHg, RS 100 Vmin O£ v T TEHEE Fo i, DR

”R%f%%(wﬁmm?M*T%Wi)ELBW%Hﬁbt%®HiM%%T%otD
b C DB RO RGBT O R
DA 3 R WY 2R 254 i
AR BB RO EFEAEER
FENC X o TEHH éﬂt(ﬁg‘
IR OMEZ 30°C & Lizoid, 4+
%B%FFE@@:ELE’Z%—*&ELCLT L
HHEDADD BIC L FRIIDOERE T
V7T & B KD RERR N R I T
TERERS PO THS, 88

T A S FUOR PR IC I B O R
L STTw [ EROBL T EBSERD B I,

min i3 i

B2E WERBEOWE OWE



ARSI T IAT 5 W O - VIIT - 61
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AR D g & N BRI I THEFT T 3 HLIR TR © Ry Lo RR T o naiBo
1/3, 2/3, 3/3 IC LB THERTRERLDTEL, HEOLDIC L THEDOBRIEERED
RIS Ao T & o, BRITHB hT L, REIREH S ORURERS < fcdic, EEICH
U BB —30°C 0|MMEILH T, £ THEELMRKD, BEEROMSL, BAHLIT
XOCEBOMIKANTEB S AEND, HREHATHROFEREO F FREICFETIC ERTO 3
BT T O M UER S AR FEMICE 2, CNETF V-2 — G THIEROE TREE
ﬂﬁ%@%ﬁOTWﬁ?é C@ﬁ%a&?éom*@“%wii%bébﬁﬁ%MAmm%

OWiHE, HELE 10 mmg T 2 I fm HRRTHRBEOHE LT C Ol b
LE5, b X100 £ Bl TRERICRY B EACRE T2, 15 b OMEEICLAHKERT

I%TZ%NM%LT%W$£bﬁwO

4. EEHHEX ,

BRBEBHTE OHINAEBEENIC—ETRROOT, ERERENET 20D IR
FBHRAFOREE—EOBED b L ICEIBESZ A Z bR 50, BIEY 0BT,
LA B Lo TE» R L& L, BRBONIAETTE - e BORKIC OO TIRBE+
HE LRI A, FICHSHMIC R EIRIC X o TET 2 REEDO Lo 57 OHiEE
TFlok T, BEPONEEZNE oD TH S, ~

SEEHBECE ST, BEEERENET S C &0k CRENE 257 7o, HIH5ERKE
BICHBREREHEL, TNEREE LT, —EOWMRETR - CHEHEEEY, Eicthzi
WL HEEE F T U T plate count 32TV, FEEWIEMAE A GNE O WL 100 £33
% THEb U, MBHBEHE L e DFEREHE LT —30°C OEREIC 1 #KE L
VEMRERLLODOTH B,

A DR 4 BITVE 8 PIT DTS - fo, ORI 5 ERERH 1 & 2,

3&45&6@<ﬂ%ﬂ2WTOiH—HLﬂﬁiﬂﬂot%QT%@,m?ﬂ%ﬂ~®ﬁ#

2D TCTHEARREAEFRRELEE L,

L £ B B &

1L & k=%

SO~k Hi, WEedE 3FCHd T, REROSHBcEEOGKEE LD
NI DTH 5,

1) S. cerev.

Se P VB AKIERIRIC OV TR B & 2.0~25 BB O R 720 i 7 oD &k 313 18.6%
Tih, TR EXLEEPTHofc, TG THIEMET LI, BiE 113% &1
B, RO TREICHE LT3 HRETE 185% T 2.0~25 B0 I3 ETH 5, T
I BO0~0.0 IO T 3 THESER oL E BN 5B, BEIR 7.9% &zféé’}‘ , HEE 11
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B1R BEBORMBIFEOBRTREEE TOMAC X 5 G KRKROME
L ZEBUKERE

B 3 3 T

: H?Ez 2.0~2.5 hrs 4.5~5,0 hrs 8.0~9.0'hrs 11.0~13.0 hrs
(2]

S Elwew E | w [T | | Tl | w | T
No. 1 176 | g 148 | 223 | 102 | 130 | 267 1o 22| 28
No. 2 18.5 103 | 173 99 | 100 | 146 1.4 1.5 5.9
No. 3 190 |, 88 | 193 | 59 | 134 | 19.2 15 14| 07
No. 4 154 | 133 | 204 | ™ 56 | 78 | 140 137 09| 24
No. 5 19.1 9.1 | 153 1.0 1.4 1.9

i ) ==t
No. 6 20.3 105 | 162 16 11 11
o1 | 186 1.3 | 185 79 | 11| 186 1 L5 14| 25

1. 12 ¥ 35 7 B

=1 K £ (%)

1.5~2,0 hrs 3.5~4.5 hrs 6.0~8.0 hrs | 8.0~12.0 hrs

Eofwew| e [ | T e | w | v o] | T

14.0 " 1.0 | 171 g | 44| 195 | 210 1.5 2.2 1.3

26.5 ) 115 | 172 136 | 163 | 21.7 1.5 1.8 2.3

o 5 ’

19.9 1.7 | 200 120 | 115 | 167 2.7 1.8 1.5

26 | W 5.0 | 205 | | 108 | 186 | 150 15 2.1 3.3
S ¥ 20.5 12.3 18.7 12.7 16.5 18.6 1.8 2.0 2.1

UL 52 7 v o BRI

& K £ (%)

1.5~2.0 hrs 3.0~3,5 hrs 6.0~7.5 hrs 10~12 hrs
clwewl e w [T 2w | T | w | ¥
X - 133 | 259 | 320 44| 94| 08| 09| 11
22.5 37| sil 89| 00| 17| 12
238 | 124 | 250 | 30| 60| 85| 26| 08| 18
952 | ™ 123 | 212 | ™ 44| 54| 715 15| 15 1.5
19.7 123 | 164 69 | 101 | 101 151 10| 22
s | T 25 | 185 | T 67| na| nal 22| | s
o | 220 l } 126 | 201 48 | 71| 105 ] 14| 13| 16

% E135, COROTEE 18.6% THMEICH L TV oo 2.0~25 KMk o LREs8L 45
~50 KD HED T ITIZIFE LY, SESREEER L EBEL N2 K26 EIC 3 KM B »
TLONRTRZE, bRPETOERIRLB T, ZEEDRIEFELLERKERLTVS, £
OBEIBE R AT T (3 S RPEARICEOBIR LT ELL, CORBITRY 5
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T, FEh b oI RBIRIC, BT, D% DEGEEICHET 2 WAL OB Lo T—E LT
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3%, HUEREANL L 1o Fo R ICIE Y TIREIC R M — D &R BT <, |

Bl AR TR O NI MBETH 205, 1% ¥ 7 F VIR CHIRIREE fE- TR
S EBRIZ DN T b4  FIRROEBBED BNt (3R I, X 5% 7 F o Wik o ik«
B, 2FOEME LTREMAPY T F vBHROBEEE RTINS, TofE—RICEIG R AS
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2) E. coli
CE. coli it D20 TH e AHOERETE - 7R %E S cerev. LHIELTRZ (B
Bf?‘i‘b‘&i 200 mg/ml TR &),
LA 5 TIRICH > TOWAROEFIC - TR E KB ASRD L, BRIC EE TS
B &0 S SR O REIC I D IO AS— IR Atk £ ¢, A— oW E. coli
DOFFinEAKRESE N AR I I, flZE, BEMAGFERTS 1% ¥ 7 F VIFEHET D,

B2HR  KREBMOXBEBIIROHMHERAE TOWAC & 5 EKEOHE
L KRR

[T & K £ (%)
\f% {5~2.0 hrs 3.0~4.0 hirs 7.0 hrs 10.0~11.0 hrs
. H g -
ggp | £ |weF| 2w [T e w | Tl e W | ¥
No. ! 205 | 4 _ — | 80 | 160 | 142 3.7 4.4 9.1
No. 2 22.5 9.3 | 182 47 | 100 | 143 — — —
W& ) 5
No. 3 258 167 | 216 96 | 116 8.7 5.2 5.7 5.2
No. 4 284 | 175 | 238 | W 75 | 129 | 119 4.2 2.2 4.9
o4y | 246 145 | 212 75 | 102 | 123 44 4.1 6.4

II. 12+ 7 5 v Bl

Tl & K £ (7
N ‘ﬁB : 1.5 hrs 3.3~3.5 hrs 6.5 hrs 10.5~11.0 hrs
N
g | £ [T £ [ w | F | £ | @ | F | k| w | T
No. I 278 | g | 151|209 | 7.1 - 8.5 5.1 2.5 2.7
No. 2 30.4 17. | 256 n 6.7 88 | 158 — — —
No. 3 23.3 165 | 248 109 | - — | 134 5.5 4.7 4.8
No. 4 24 | B 241 | 256 | PP 13l 165 1 192 7.7 6.8 6.2
v oB | 255 | 182 245 | 90 | 126 | 142 | 61| 46| 46

L. 527 1 v §hrRiHK

\\\\%m & K £ (%)
&BM 1.5 hrs 3.0 hrs 5.0~5.5 hrs 10.0~11.0 hrs

R Eojwew| ok [ w | F el w [ F| k| ow | T
No. 1 05 | 156 | 244 | 5201 82| 143 | 15| 08| 12
No. 2 | 304 230 | 30.1 69| 108 | 236 | 10| o8| 25
No. 3 286 | 4 | 326 | 80 | 87| 296 | 1.1 10| 16
No. 4 289 | ™ 185 — ™ 81| 138 ] 310 10| 15| 30
No. 5 330 | 1.7 — 64 | 125 | 334 | 22| 19| 271
No. 6 —| 12.9 _ | 67 | 10.1 — | 20| 13 15
SE 8 | 303 152 | 290 69 | 107 | 264 | 16| 12| 21
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VR T O Z IR O ERIRIE, e LT, S.cerev. LK LAEER, f7E
5% 7 ¥ U BEERIICTRIE LA S. cerev. & RO BB & 2RI D, HEE
BF- T B MF, £CHET 3 ""75>lhbdfl’1 KENAELT, 30% D EDHERLTVSED
T, HREEAIE B L AETLT, B Tl 1~2% O &RFERT,
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2. H % E
1) S.cerev.
(1) SEiRBRRiric i ae & AT & O BIR
BOEETAOLOND LD, INSOWBBBTOERRINITRGIZE 1% XN TE
WoTn5, HLZOMIBEL2OPICE > THILDEEHIPREL, f?aimwﬁm‘%lfﬂ”a]bnom T
HNFIMNP S RTHLT L —EOMHMIIALDPB NI ITHS
AIATHIEE L X 7 F VITIER TR, LaMLLLJ@rﬂ@J*me;aL341

ABOT, RO E UT, SR LO THMIC L 28 HEZ0TREOMEHRZ,
Z O OBRETTII o, iiﬂ%«/}ﬂ FEREREATE S @ & e A—0 & T FMER S AR
% —30°C DEFEETIFIWO B UTHEB T I L b +30°C OB TR LT éLmjﬂ“

LbNTHi, ZOMEY st LJiéfL/:‘% HOBRIELEDONE Do T,
7 F U BRI T 3 AR ORI b BRSO IR, RSO b DH0.1% R
DIER LIz, COBAICSHIPMIICE 2B - &0 LIERBEDIT Do, ;
(2) Bk E7EEE OBF
ﬁﬁ@u;@wm&mma &Mtf&*&@%%%@%ﬁé&%7ﬂ@ﬁb@&é

COEME—RUThhrs & , RO WMMIL D KRE L TE 7]('*"‘&@#5%554‘1‘ i R
L, 72727 F ‘7*"5??5&'5?{22‘ Tl *ﬂxldﬂ PENENSEH-T, HARPOLIFICRERIC

TIEF UTRE o 425753 ﬂ\?‘ck HSRZD,

%t
vy
P
b
2
3;0
%
& Kk %
7 BACREERE L OME (BHD)
O ZEMKET @ 5% 7 FuBRiing
B 1%+35 50 BERYEDT
2) E. coli

E.coli DHEFERIP 6T HLNLIMY Scervev. 1 LTI A DICREHTH- 7o,
(1) BEMRERE RN & R FR & O PR
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RWMATRIRE 1% ¥ 7 57 VIFER E TR, BUBMEOS OB KOS 2 ICinERE
FHMELNRY, TRRLBAOLOR EEIE CEFERMEL BTN E T EnD, K, Ek
PHECTREBRROMT I EMbh5b, ULML5% 7 FolnbER TR, 2L OETFHER
DA DB THRBRENE C, BRI TROEREND L - THL L0 S HRERLTY
%, ‘

TEORERE, —30°C LN E TORETHEEI YL OTE, FOTTERBMEBL &
ﬁ%%%ﬁ%éC&%ﬁ%Lfﬁb,ﬁﬂm%@bk@mémgi,%5ﬁ&®mﬁﬁéﬁo
REI-HREHFEINTHT, HOMIEE OB DB E 28 2Nhnd 50T, RIFRHHEOSR
TR o Thie, HIBRE—ERERET IR, B, BRETL50L, —K —30°C
KBOBBEILBETHELALOO L DEFREIELTAS L, WIEDML, ML D4R
BOWMPT 5 ERTHLNL,

EIXR  WEHAPONE LB AEREORE (RBE 7 ¢ o g

RS ] * 2 x (%)
xi}f 1.5 hrs 3.5 hrs - 7.0 hrs 10.5 hrs®
W :a’f BUE B | BEBGR | MRS | BEMNE | MEAEE | BAkE I‘ﬂE‘f‘r{ﬁ B H R
15.0 12.0 6.2 0.1 32.2 12.3
i : 33.4 27.1
35.8 24.1 2.0 0.2 49.7 0.0
22.8 5.2 34.4 06
&g W — 21.9
16.9 5.7 32.5 1.4
¥ W% o | om s 1 08 1 a3 115
5 5 ER i i - B .
' " £5.0 0.6
AEHTE, WNEOHMGTHEFRLH->T, HHRE—K —30°CICIHE LizDb, HEK

DREZTES>THIDT, T FURERTCHEEPDO S DOEBRROMODIE, CHOLIRQ
FHRERL T DS LGN,

(2) BARREERRLEOPRK

COBAICLEBRRICHBOBOREBESODEMASN LM, SRMITERDT, BW
AR T, SAFEPMEOEEEBREIME L E &, ¥ I F VIRIERTR, TNB00M
MICIE - T, EhOEAFEDOET, LU OEFERBRL L L0 SEHmMBA LN, =7 FY
PRI T, ~—IRICETRENEL (2d S. cerev. DBAK A EDHENE), Lrdkd
WHOBEARREH 100, EBRENMHNEVIRESBLEDONL (8, HLZOH
THARI% ML D Z b0, iR 65 ERR) o k5 iilEmsETEszomr b L
Rods, TREHEINE, 7 Fololifid A EYicldisiinsd L,
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AEBI R OBREE, RBEFORPOMEE LT, TXZXIFHEMCLS N
ENH T EWIEBDH o, FHCRGDENTTH, EENRTH 2 WA O R (3Em
R I EDE I UBBESABPERRT B EIChot, HERERB AN —D OB —RE
DLDELT, BREE—LBLDOEAMEXBVIETS, £FE—2IC0- {20 THEDLNIC
EMEV, WA OHT S 2 BN EE R B I NS, SERNER D OB Iy, L
PEHSRBRICE > THEPERT LT 250 TH R 0o BT, WRIIEEZSYTT 5
HiEO—2E LT, 2oLk RALGWHELIEOYTH S

W?ﬁ@;og,ﬁﬂ$@ém&&ﬁwk&®%%%bé&%ﬁé6% FHE PR
B—c 6T 2 b 012 & I RIE I IS0, Wﬁ@ﬁ%&%tﬁﬂﬁ@%MLiofﬁ¢@c%
LT EMBBGEINALE, RLTEDHAELEDLSICE Do b I DODIAEHED Ui H
BTH 2, m@mmmwzw%@@mﬂ@am&?émb W 22 30) 22 10 28 % el 7 B I8k
T B0, B ROmMRICL 38EEARTETAET 2, E4, BOHOWS
Hf%&k&bf%,ioz7meF#bf4ﬂi DE D FREEEHPOEMIC K ST
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BIROEOPOMALICHT 2 & LT, REFTEEEE, ERT3BCHTTHEL, O
BOLLEBHIVEFICES T TOLPRHOREBELHELLOTH 5,

MR OIRIER 2R E T 254, BUKOMIEE Lo N2 edicid, ERKREREHOS
DA, GHEES BHLT 2 MR THAEN L, RERTS C ORI OBAEERICLT
LD A T LT B

gL LT, LEPOTRICH THBOETT 5 &, WIRWEAZETLMONSIEY
Thb, BOPLANETHREGAESENENIC LB E, TORBEBAICDVTS D
PUBHICHED TA D &, HBIMICRT I ICHMEEICHEL TV TSR, ihd 19%,
19%, 19% (B~9 RO & DEAMIEL B LEBRTHE0ORMUGEHLRMLTIY) &1
D& A AREDERRERL, Z@L@%i,n%,1%&mv£occnitﬁ~a
AHERTCEDO S, BRPMOBRFRIAFBE L OEHICL-TxEBC & Bbh b

A 18,6 1.3 7.9 5

ppfj)j% ’/Bﬁ i i
-F/i/;/ 14?7 ' 8.6 25

20~ 25 45~ 50 80~ QO HO~ 130
hr

BB AR O BRI BRI 0 U B A0 & B KK DO ME
TEOF RS HRBE Y, D NORFRARMLD
BKE (26) BHRD T, FHROBAG BRI OHD .

LOBEEREDPTER T ARDIE, EFPO S RPAMBTEORTHE LI
v, FTEOMEENECHELTLEST, BHT, E~TREOGEAIKIE LD, £
THPEERE—D0EKELRE, INBROKBEBROMEKETH-T, Thbd i3
B Th, 2OMBETETRLIEPLCEND LORAKITEHLNEBNI>THS

B, BWBHEOERKLEENFTNOBRIEMAEEL SbE 5 L, HEY B:Z&i TR
FETLTHhECEbh5

?‘Hﬁ’:m&jtﬂw[i[d)lh*fifbi, BB B pIKPAINRT L, UL IREOERERRNE
VOB, B EBEINLBOYY TH-T, TN E RS RO B HE D2
CEB5HD0DTHAD,

HEARBRELFHRFEEOBRBIZOVLTE, KR TRE m“®MTLHwi&?%ﬂT?5&
WHHBERZRL TV, BETE, ZORBRBHEVE-3 D LTWRL, g, BEm

[ MBI b 2 JPT S — iR IR <, AT TRICMA R O OREE B T ic, C
NICEIEMbAEIROEDLPDHR, T VRV LEEERESTH bmam@m,ﬁm

BICRIC K BREE IR & < T'féﬁﬁODH%?JQ‘?E%&Cﬁjiiﬁ@iM*L CHETEEVS T EBOMHL D
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T,

WROBOBTE LT, KOMIRE 5 F v ET POl A2MALTAL, CNIRBEMEER
WBL, BB E UCTRAEEDHROCBEEIER T &0, Tn0 OYHORARDRI
HMB DI THIDTH BM, TOERBEEMS HITE, SMORET, ZBOWH
COVWTEICHE L MH T 2 LESD 5. TNRBSEOTRICHEO>TRETH LM, Liinl¥
FFVHE 1% L 50T, FARDERROMRKRE, AT OBAGERETVCEBHLME
o,

T HIC, SEOEFHERESS SMOND X 51T, FHCHIETIIGT & O WEARRTE O 4:7%
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Résumé

In order to investigate the mechanism of drying during freeze-drying of microorgan-
isms, water content and cell survival at three layers, the upper, middle and lower of
specimen, were measured at several stages during the drying process.

Use was made of Saccharomyces cerevisiae and Escherichia coli as experimental mat-
erials and of distilled water, 1% gelatin solution and 5% glucose solution as drying media.

Dehydration gradually proceeded from the upper surface of the frozen material to its
bottom. While there was still some frozen part, evaporation of water from the apparent
dried part was going on till the final stage of drying, showing different value in water
content at the upper and lower layer, the latter being always higher than the former. The
layer, just adjascent to the frozen part, descending gradually towards the bottom, indicated
the uniform percentage of water content at each stage of drying. A few hours after ice
entirely sublimed, all layers in the whole specimen reached the same minimum value in
water content. That was the final point of drying.

In water content and cell survival during drying, yeast cells showed, in any case, lower
values than coli bacillus. In this experiment, both distilled water and gelatin used as
drying media brought about similar results, but glucose was to some extent different from
the others. .

The relationship between water content and cell survival at each layer of the specimen
was somewhat complicated. Water and survival of cells decreased in parallel as drying
proceeded in coli bacillus suspension, excepting only the case of using glucose. The re-
lationship between them could not easily be estimated in yeast cells, because the survival
rate of cells was extremely low even at the initial stage of drying and it was not constant.



