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Glass transition of bacterial cells induced by desiccation stress: Investigation
of physical properties of bacterial cells for clarifying the mechanism of
bacterial stability and inactivation
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Dryin? is one of the effective techniques of food preservation and it is
widely used in the world for long period of time. Dry stress suppresses microbial metabolic activity
by reducing free water in foods that is available for microorganisms. In particular, bacteria are

known that i1t is difficult to keep activity in low water activity (aw) foods, although foodborne
illness caused by dried foods have been occurring worldwide. The reason why bacterial cells survive
under low aw environment has not been unclear. To clarify the cause of resistance of pathogenic
bacterial cells to low aw stress, this study focused on glass transition phenomenon, which is
changes in physical properties of bacterial cells, instead of conventional biochemical approaches.



B X C—19. F—19—1, Z—19 (@)

1. WFERRGE SO 5
WL/, P2y v, Faalb—h, N—FF—X, INEBRE, ZRENET RS
PN Z AT 2R VRIS N TV D, 23U B O R EL T —ERIZ K 215 (Water activity,
aw) DRV (aw<0.90) BHTHY, BHEFEORAE L 22 2 ME T CE 20, AN IEGHE
EIFRT D8 aw OB E TR, MEMNREAERIIH E ) EEHIN T oz, L
ML, BEIHE av OB LIZBLERN ETH2RFPHEEENLZHELTND, 2O &, &
HFEO R P ERANE N ERBRE FTICB VW THERTICAEZBIT TWNDLZ EFEK LTS, #E
B2, 2O TRME IR O CTRYIBICOZ Y, B EME SRR WA LEET 5 2
LAURENTEY, 2 FULLOEWHE, AR LETE2T—Z b RENTW5S, BFEELZ
NETIZ, VLR T BEEIBE HMMERGE SRR FIcB W, ERU EoEMICH
720, AR LET D EEFERICL > THER L TWVWD, ZNE CICHFEE ITERSLMICBIT 595
JREOAEFRMEE LT, LFDO3 REHLNLTET,
(1) ol (K aw) SRIFICEBT 2 B EME O FERFEE OB M X, aw D EIK L1 (022 <aw<0.75)
WZITEAE L2y,
(2) —ELLEDE aw St (aw>0.90) TIIAEBGHRESH AR L, HSNERT S (K1),
(3) HHEE DOBEFEZ4HI T DK aw S (aw < 0.90) FTIE, aw DEK LI & HPRIFRED
RV IEIGEFE SR L, WIT SOCIRTE & W o To IR T TIRIE & A EFEBR L 720,
F-—HT, HEEEDORELDSMNT I E TIZE L OWFFEE MK aw B TPICIB W TINEGE
OEMET, THRbOLEENEELL 2D 2 E2HE LW D, s, ITEOHEEH OREREER
ZE T, TanAFT 4 7 APER SNIARRE S OA FME & 4 & 72 & RYIHRAT ATHE
T HHAMBAFE N KD BTV D, FFIZ, FHIRTOREEEZED D Z ENRH/FESNTWA R, Wk
B TR - FIRIRIE COSERIE N2 ENFRE L 7o TN D,

2. e EM

AWFZE Tl Bl O #7235 B B UL T O 3 SoORBEEH O T A Z L2 HIE LT,

(1) 728, BAKRSVEEES R CREFPHEMEIIRBIBEAZSIEOD Z LN TE, mKRTEESRETT
IZFEIEANE L 72D D) 2 WCHME IR BRI/ A DL Z LN TERVON?

(2) 72, RAKRPVEVESIE T CRAFR OB P EME X =R DL LTI INES 5 D02

(3) 7o, RIAKRPTEVER S TR B EAE OINBEE O DR IMEL 72 D DH 2

WD EMIEE) (V=58 % DILFAEOR) [ITKNB R R CTH 5, FERIRIE TIXZ AR L 72

DD, MBS D, ZHUTED LT, —HOMEITZERETHLAZ RN H 2D

TEWTED, REN? ZOMWIZE S 2 2 R I0E, /R OBFFE0 3 I3 M) o 7=

HLWEMRE LT, MEMIRE —>DOWER & LTI X, GERIRRBICIS T 2 M E iR o M Ek

RRICHZMTD Z ENEE LKL IIE R,

3. WFFED Ik

HEE O 2, Bix el 0 D DS SN DIREIRIR & L CTEMLFRMICIR 2 D &, KoE &
DIRTIZ X > THINEBORMEIZ EF L, SN TH T RREICRD EEZ NS, BT RRFEL
IR ORI FRCA DS ELN = £ %, o HEEE (FEICIEER) NEE L, T EEERIC A
STRBETH 5, HIBNR T T ZAIRRRICHE D = & T, MFPNITIEENRE & 7 U HELREE (RIRIREE)
OFFE, kT2, BETDH L, MIITESTREOE E, BREZTMEERET S, Z0k), #
BIXFEIRE L L CEXICEVAESRNOZAD I ENRBIZR D EEZBND, EMDOT T A
(BT X A BEIRIEIRE T ORMBIREBREE A (7~ L3, RV R H70L8) $FHL TS, =
DAL, KA UG 5 EENICEHBEOEGEE (ML a —2 70 8) 2 S,
L CH T AREICH D, iz, AFfE OE7, 0172 L) OFRMRGE TIL, MRPNICHERE
W E ZEA L, fEN TOKEESEREESDIRE LK T &8, BKIICH T AbEw5
BAENTOI TV D, MR EX RECTEMMZELT 27O DOMESMEN T T ZARELE
ZBid,

LR PE O M D H T AAVAEREII AN T ZEEBIRE (Ty) 12X » TR B d, T 307 A4k
L T N—IRE (S EEMENEIE L72REE) CA2BTCHIRETHY, KoEGEBEDIKT LI E
H4 %, Zhud, aslE U TERT 2K FR DT 5720 Tdh 5, To DK G BARIFVEL T,
R EENns (K1), Z0 T ifcE > T, ZhETERADZELTEE SN TE AR
WA DLETE /FERFENHHATEX DL 1220 LTSNS, Bl2I1E, @RI B0 07
2MbBiG A T i ECTEX DL, MEOKSEEN T EBEETIR T LZE & T T AT
HZENGMD (K 1-a), £, HERREOMEIXMMENEN M L35 Z ERMmbTWnaDn, =
NWIFKDEEDETFICL T T A ER L2 THY, MEIIERESMHICBNTH AT XREE
EHEFFT 2 Z ENER EBZOND, T OB CMBVEE 21T 5 121X T, th#k 25 < F Tl



il B £ M Sl @ © ©
(7 " —RREICT \ a | c
B) LERDH B (K x{gﬂﬁ G \

1-b). T, HhiixE 58—k EE T‘\ SN—ikEE

A o N AN P( K

WAOMBICET 3| 200N RN

I %, BIAIE T, ih

r’ﬁ;‘?ﬁ%& aj—ﬂ&i ( < ?-\.\..\. ........ i j}_x ...........................

l-c), BITIERVK K524 — S5

’ FARE ARKE :

S EmETHRL — R

IR UEA 7 2k Knag KnNag Knag
om s e

L ff bc,\ o M @E Fig. 1 Schematic diagram of relationship between moisture content and

O RLARTHE D FHIE temperature

(3 Ty BHAROFHE &

LCHEES D,

FEEHEMELD Ty BIBRIIHER A IC Lo CTELSED Z LN TE D, — RIS, T, OEVESr (1
L) ZIRET D & ToMifIE EA L, To OIRWEy (ATEAD 2IRAET 5 & T IR T35,
MED T, phi e R IE2 2 R TENE, LVEWREBIOKDERETCH 7 Ab3w5 2
EMMAIREIZ 72 D720, AHME FLEEE 2 L) oEttm Enifsnd, —F, T.HiEEzKT
SHLHZENTENE, EVIERWVRELS LOKGERE T N—REBICEES Z ERAREICR D
7o, BRHEMEICB T A2EEDEON ERMGFIND, 2SR TO T 3B L7550
DR E b e TV ERIAT S Z LT, KSR EARTO T, 77— b,
HOBRETHTLHZLEHTE D, ZORIC, HEREREBOMEZIEGERKE L, ZhEx T,
HIFRIZ Ko THRIBATHIT 5 2 & T, 1ERDOMEM P EIE R o Tofilc e 7 7 e —F I -5 <
PAEMTIEN FTREIZ /2 5 EWIFF S D,

Z 2 CHA I, AR O T T AR (Ty) ZRET D7D OREFIEOMLZ HiF L
Too —MIZ, FEMEMELO T MBI RZEEREER (DSC) BFH I 5, DSC Hi#t Eick
WTC, BT AEBIIN—RATA VOREAT7 R LTHIRZ D ZENARETH Y, T lEZ OBtHA
MORESIND, LL, M EMER SRR (T 2EGBRML R E) xR e LS
B, W7 ARERBITSE D BB 7 S OZEALIED /NS, MRS WEEFIRE ] 5947 D 72 O I B 7 k3
Ta— R 7 SRR E 72D, e REUSE D EGIIC RV AE R, T AR D
BUNENBORIND, REOHBIZEY, T ZRETERNI LEBRZ, ZOKREGS, 76
DOEMIZR T T A2 )TN 2 2 FENAEH TH S, KHFENIEOZHE TH 5)11HHIE,
W7 AL D NIFHIMEE OB A IR A 527200 FEE LT, filko LA A —FIZiR
FEHIEEE 2 - FiR LA e o —JEEEE L, ORI 5 Z LR TH - 7250
EONEHER R RS (7 v X —72 L) OF T REBRFHEOMRIN AR LT, FUBRRCHIE S04
HEAEEICHRF L BT, AR EED TN Z T, R THIO CHIEMIRD T, diffz 5%
TLHLIENTED EHIFFEND,

HiE VA v o —HliEYE (TRA: Thermal theological analysis) & 1%, LA A — & [ZIRFEHI 1% & %
B0 T 5 2 & CRENCHTE A M Z DS H AR Z e & LIZBIELETH D, ZOREEIC K
D, TREEEBENTE (DSC: Differential scanning calorimetry) & VN> 72t D Ty llE TIXEEE T
BT R DO SN DEEWED T, RERFREE 7o Tc, UITICHIR LA v o —H|
EY AT AORINSEX 273 (Fig. 2), AEBRTIE, WEY 7z 2 0E /1% 5 MPa &
L, WIHESE 10°C 725 3 °C/min TOFRBMEEIT o7, £ LT, U7 ZRENDE T3 4REE~
EBAL LT BRDIRE T D T 7 RSB E 2 E L7z,

Plunger

Sample

90 mm
Temperature

logger

Heater —

45 mm

Fig. 2. Schematic diagram explaining the thermal rheological analysis (TRA)
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Fig. 3. Relationship between water activity (aw) and
observed glass transition temperature (Tg) of
Salmonella Typhimurium (o), S. Chester (A), S.
Oranienburg (0), S. Stanley (V), and S. Enteritidis
(). Error bars represent standard error of the mean
(n = 3). Different letters at the same water activity
level among the five S. enterica serovars represent
statistically significant differences (P < 0.05).

o
S
1
s

(&)}
o
1

w
o
1

[
©

| C. sakazakii 1233
04 05 06 07 08 09

Water activity

N
o

Glass transition temperature (°C)
N
o
1

(o)}
o
!

n
o
!

w
o
!

20 C. sakazakii 2127
04 05 06 07 08 009

Water activity

Glass transition temperature (°C)
.
o
1

Fig 4. Relationship between water activity (aw) and
observed glass transition temperature of air-dried
(O) and freeze-dried (A ) Cronobacter sakazakii.
Results are expressed as means [ standard deviations
of three independent experiments. Values with
different letters at the same sampling time between
different conditions were significantly different (P <
0.05).
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Fig 5. Effect of aw on residual biological activity after
storage at 25 < C and 37 » C. Values are expressed as
mean + SD (n = 3). Vertical solid and dotted lines
indicate the awc of yeast at 25 = C and 37 ° C,
respectively
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