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FLIEFAYAT. (PIF) OJILE & ORES
Enterobacter sakazakii DER: & B K IF+ 2SS
CERE 20 £ 10 A 31 228D :

WERM* BAEF FHE—  #ik B i

Effects of the Reconstitution and Storage Conditions of Powdered Infant
Feormula (PIF) on the Survival and Growth of Enlerobacter sakazahii

Hirakazu Osmzara¥, Asako Tuvurs!, Seichi FurugAwal,
Yasushi Mormiaca® and Shizunobu fema®

! Department of Food Bioscience #nd Bidtechnology, College of Bioresource Sciences,
Nihon University: Kameino 1866, Fujisawa, Kanagawa 252-8510, Japan;
# National Institute of Health Sciences: 1~18-1 Kamiyoga, Setagayalu, Tokyo
158-8501, Japan; * Corresponding author -

The cifect of the reconstruction and storage copditions of powdersd infant forrmula (PEF) an
the survival and growth of three Enterobacter sakazakdi strains, ATCC 29004, HT 022 and HT 028,
was investigated. D values of B. sqkazakii ATCC 26004 and HT 022 at 60°C were 8.5 and 1.6 min,
respectively, and that of HT 028 at 52°C was 1.6 min. The effect of the temperature of the water
used for the reconstruction of PIF on the inactivation of the thras £ sahazakii straing was 2lso
investigated. Oneto 2log order inactivation occurred at 70°C, and above 5 log order inactivation
at 80°C. Storage testsat 5, 10 and 25°C showed that none of the strains could grow at B°C, HT 028
grew slightly at 10°C, and at 25%C all three strains started growth aftsr 4 hr incubation and _
zeached up to 8 log CFU/mL after 16 hr incubation. From the above results, it is concluded that _
a suitable temperature of the hot water for reconstruction of PIF is above 70°C, and the preferred
storage temperature of reconstructed PIF, which is recommended to e consumed within 2hr, is
below 5°C. .
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. zakii T3S LRMREEL U R 7 ERICET 38R
B¥ishw, SECOLSUER,D, PIFKES(
E. sakazakii OREY X 7 ONRZHNE LT, BACM
ICBW SN E sakazakii ODFERIFESLTVIDMH,
X5 I BICEREPERNS - LRSI, FEREN
E. sakazokii OB ED L5 rmr&'a‘-z.aﬁatmwc

PETET -

HEERURE
gERHER
Seek o L - FLIR FRREE, (PIF; Powdered Infant
Forrula) & M 28088807, 000 ¢ H{ERLE. Wi
BRI NEY 120 mL B4 5 2BGEE# I S oL v
- SIRRRANRER W
-3k
BEBL LBk B saharakii ATCC 20004 % (ATCC
), Asalura &ick b PIF » 5B E HiA B sahazakii
BT 0223 (BT 02240, B schezakii HT 0288k (T
028 B} - DR 3 EWHD BER L. SEHN: Tripticase
Soy Broth (TSB%HE; BD3ED EBWT, 37C 724
Bih, 2 ML A bOERELE.
. B KU B sekacakii MOHM
| PIF b OEEHONERASHERERIPY KT
T, $THbLEPIP2S5g 2R P74 A5 —RET
L, 225mL @ 0.1% -7 b winmERsokEni TR -
7o S LNBET - k. BRHREEENRLT Plate
count agar (PCA; BD &) kK¥#EL, 37C ©48RM
%k, BEL LR LT, £l O
i, ERRMIcB S B schaahii OFRIE, &
B EMoFETTY, RELORBOMEEHRIL
Jr. £, PIFR SO E sakexakii DitiE LU,
ESA Bt (Merck 38D 2HV CHEIRSBERL, 46C T
o4 Bepiadtt, WEONEEHMLA
MRk SR OME
HERICB Y SBEEORER, FYFLERE - SK-
1260 MCIlz & THERMAL PRINTER + DPU-4l4
(SATO KEIRYOK] &8 ZRVwTHL:,
L' E sckarakit OFMICBES DX
1) EREEAREHRICRITER
# 5 AR ICEERO PIF 5L, B L0
ml OREERLK (SDW) 2IMAR ¥ ~ 7 —CilEhiimiE,
g b7 o 7 BHERW (T-105 - | —v AFSFREH
&) K\ 55, 60, 66, 70, 76, 80°C KEFHL L &%
BERELTERSE, F sakazaksi (5 3 BHE) ERiceER
6~7log CFU/mL Ic#i 3 & 5 Wil 1 mL 28/L, ¥
BLIIA S 2 SIS - A IEHES £ T D
ML, BEEeHalL-.
2) SdEEME (DD O
5 AMMIIRICEER® PIF & SDW EINA kL,
PIF 286 L5 60°C OEENICERS LA mEEy

21

ETHEEEE, ATCC & HT 022 ¥4 1.1) ZRBICEEETL,

0.2 4,6 8 10 5SS EM b LA B iokkdea
Xk, EEENATHR L, HT 028> Tk 52°C
OERLIFRL, Fiicls X UEREREL, 0,1,
2, 8, 4, 5408, SokrheRR LRREERAREY L

CH L chOORE,HHR IR D ENE LA

2. E. sahazokil OMRIZR 23 REAROVE

BERETTO E sakazakii OMMEHR L, £1F
BEOHMERS V4 2t~ ¥ — (CR-14C + (B HILED
T5C GREED, 10T WEHo LD, 25C ER)
EWELE N5 ABRMCHERO PF & SDW £
ATHNRS, REREETHEH, S amPE2~8log
CFRU/mL 5 L5 il LABECEELX, FHbts
#0,4,812 16 20, 4 BRIC L KBBERD L, &
WEcERMLE,

8. MAORETLTILNARORTFRRS E. saka-

zakii DHRICRITTER

-1 RREFFRENRETEN :

HoAWAELBWT, L TIRORBALLI E
sekazakii DIREZETE ML GORFAR B DHEE
ML 2P, SABORSEREARL, #5255,
FEENRE 10°C, HEABERE 26°C, MR 30T i
FBLE MARBVIRE 60, 70, 80C © SAR%E

"WRLE, & EMAROMTFRE 10, 25 30C £

L, $irbb, 10,265 50°C ofFs L AsAMICHE
® PIF &4 3 MikES 1.3) LR ok, 99 mL
(60, 70, 80°C) ® SDW 21X € 2 2SN ERET -
. TOR10, 25 30C TN RETHEEL, RENE
0, 30, 120, 300 A3k IAEIEEL Y H LAREN ORI 2
Pt hdb, BAOCHBLEEENOEAISLER, &
#|e0C+RELST, FETCCHREICC, FET0TC
+ 7 26C, BB 70C+ HAS0C, BB S0C+RE
25°CO & kRS> WTHRHE L,

?) FRALIERESRIT I

TAMMOH, THbBHS AMEANY FarL 8D
SFEHERRICEH 3 B sahazakii OFRICHRIZTHE

- EBRMLA BEMARRE 25T CKFRL. BTk PIF

EATCCHZ L) LFNMEREL, X568 0C @

SDW 99 mL #5#EL, 2 SNPRRET k. iR

B 25°C 300 S Lk, B0, 30, 120, 300
SRcEREROAL, oo BERNEHRILY:,

3) IO FIRIES R

RFLROHRAY 7 R ORS, SFELRCBEMET
+5070, ¥5AWHAES O UDERLARECOR
BRI W TR LR, bbb, 26T KRELAE
AR 70°C @ SDW 50 mL £I04, | RS mD
k&, RHILMICEVIERLO PIF & ATCC B2 L1) & E#gic
ER/ LA, ic 70°C SDW % 89 mL jni, 2503k
AR 7, MEAEHS 25°C TA00 SEREL, BRSO,

T80, 120, 300 AR EEETHROHL, ERENEHAIL
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fa. B, Tk LoWAE L EIcT -k,

O F _
1. B sakazakii OFICHT SXBMREH
1) BERREHREHRICRITTER

MBS £, sahazakii 159 SIEHR%E Table 1

IZRLA, PIR KEEEHEL, mdic ki3 ordt
WM L& B, ATCCERTR 55°C T 0.16 log CFU/
mL, 60°C © 0.69 log CFU/mL, 65C € 3.96 log CFU/
mL EEEORDHEDL S, BEMNESWEE 70, 75,
80°C MEBTHEEUREMNE TR A BRERBx h
Aok, ®ICHT 0228TR, 55T T 0.80 log CFU/
mL, 60°C T 8.99.Jog CFU/mL &E%omDbrEshik
#, 65~80°C METRVPHLRHShih-t 25

I HT 028 %K 2WTH, 55C OBBToaklishi

DRHFLT, 60°C Zlko@fRitrRvihbiifish
Whot, CHBDTE LY, MMBEMNE LI h
THWRERDL, 70T LLE A IREHENL o h
. HSERERICE OREYD, ATCCHEMIR VRS,
WWTHT 0228, ET 0280, HT 028#kiio
BRI BRI EA o . Wb, L AR P
&k B sahazakii R E i - k.

2) SPEEEE (D40 ORTER

ESSETHMER ORI ZII DlicsnT, B,
REAVWEEEToERE Fig V'ERLE DifiR—F
BBV TRUENN 1/10 oD T 3 o o4 5530
FRTRETSES. S0 HEERIZESHTH 50~

B0°C. DFLFTTHEBRELY, ATCC & BT 022 #ico

WTRIIMES 60T =« HT 0283k 52C 2B LT
BHZIT- o tOBRATCCHTI D @i 60C =
3645, BT 0228Ti 60°C EBWT 194 Th -7
HT 028 #kTiftho 2 MECHE L TisdEnES, D&
B 62T LS :

2. E sokezakii O RIZTIFIERBREOKE _

BABRESWT E sakazakii DZREHENREL, £
FRKIcBY 5 E. sakazakii ORIERE Lz (Fig. 2),

ERNMNOEICIHYT S 5 & 100 FETR, ATCC
& HT 022 oMimiz g o higdh o o, —7, Wik

-]
—

E, sakezakii ATCC 29004
Dy=3.6 min

y=-0277x +6.7019
R*=0.9334

Survivors (log CFU/ml)
S MWW R ]

=¥ = ~0.5198x + 7.0805
- R*=09935

Survivors (log CFU/m?)
S H W W AL NI ®

¢ 2 4 6 -8

I y=-0.6203x + 6.749

Survivors (3og CFU/ml)
S MWW R ®

- R’ =09673
1 3 . [3 1
' 1 2 3 4 5
" Treatment fime (min)
Fig. 1. Thermal inactivation of B sakaeakii in

reconstituted FIF

Table 1. Survivel of £ sakazekli ATCC 29004, E. sakazakii HT 022 and K sakazakii HT 028 after reconstitution of
powdered iniznt formula (PIF) with hot water at different temperatures :

Temperature (C) of hot & Schazakii ATCC 20004 E. sahagahii HT 022 -+ B. sakazakii HT 028
water added to PIF Before (Omin) After (2min) Before (Omin). After (2min) Before (Omin) After (2 min)

65°C 6.84:£0.10% 8.10%0.07 0674019
60°C 631£0.10 291£0.11 ND
65°C . 304029 ND
70% 7.000.11 0 ND#* 6.80+0.14 ND 6.3920.20 ,';‘g
76 ND ND . ND
30°C ND ND ND

* Jog CFU/mi.

**; ND, not detected: <1 CFU/mL of PIF by direct plating on plate count agar.
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O{EVHET 028471, 57C BHECBV T2 ke
FlIc MY Shilb - DI LT, 10T BRET
& 16 BRI IcEn T 2 EasrE» Shi, EEE
T LA 25T T, BEIEHE HIRE 4TI
BRI sh, S5 8EERCE 5~61og CFU/mL T,
& DI {RIE 16 BRI SRS b 8log CFU/mL i
RnLA. & HT 028 #ic>WTH 10°C THIAT S
AR &, 25T FATREAR S EEE LA
HImHEEE k.,
3. EROESLSTICARDREEREN E 5
zakli OPEICRITTES .
1} BEEREFEEIRITER
WHOWMENR E sakauakii OBRE-RETHELEN
GOFRERENHNORICRIZTES S Table 2 2R
Lz,
BiE 60°C MR BB ATCC & HT 022 ¥ Tl &
BRIl A — Y-S T LAE) ShTVWOIHLT,
HT 028 #Tit 2.8510g CFU/mL LHBORDRAEH
Fo. WIS 70°C B8 & REENE (10, 25, 30°C) TOB/AK
OEBE T, ATCOH T 0.63~1.26 log CFU/mL,
BT 02237 237~592 jog CFU/mL, HT 028357
4.18~6.75 Jog CFU/mL OEE THRMMAHSZH SR,
B 60°C MIERL b b EUFIRELESMES R, 25
R 80°C ek, Wiholikd 54—y —Rlte
W R AR S
REERKCoWTE, ATCCHRTRBRSCC+RE
95°C S od SRR b0, fAodkiETR
with HEEANE e h. BT 0228k TRAR
60°C+8REE 26°C & WEB 70°C-HRE 10T ST o Ll
MiEEhk. % SIZET 028 TSR T0CHRE

log{ CRU/mI)

log { CFUMm1)

Ing { CFU/el )

CHNIARARINRD FHPBUIAAINYS orvwrtaaneD
I

iz 16
Steraga ticses (hotrs)
—0—5C -8-10C -0=25C

Fig. 2. The relationship betwean storage temperafure
and the growth of B sokazakii in veconstituted
P

Table 2. Effect of the hot water temperature and the storage temperaturs of reconstituted PIF on survival and growth of
2. sakazakii ATCC 20004, & saharakis HT023 and K. scheaahit HT 028 -

R - Temperature () - -Reconstitution Storage tme (min) -
Strain .
Hotwater & Storage  patore (Omin)  After @ min) 0mn  120min 306 min
- 60°C-26C 6.91:50.28* 6544018 6.76:£0.12 667041 7.82:£0.12
. 70°C-10°C 6.95:£0,01 532017 6:22:£0,05 6.14::0,16 6.1910.08
E. schazakit 70°C-25'C 7.04:£0.07 BL4E009 5,030,183 B70:043 586011
ATCC 26604 - 70°C-30'C 694:£0.10 BE3LQIR 5222:0.13 513023  G.I8:£061
BOTC-25C 6.96£0.01 141095 184107 173128 266+1.72
60"C—25°C 6.92:£0.07 6.200,02 627062 600008 6075026
70°C-10°C 661:£0.09 4242022 404%0.19 414028 3.83:+0.60
E sahazaril 70°C~26'C 65920.11 298+069 - 2592084 292::091  4.01::0.82
HT 022 70°C-30°C 6.84:£0.07 0.92::0.31 08422028 0,68£0.52 256069
20°C~25'C 603001 0.1640.23 194078 2884071 362071
60C-25C 627014 242005 291059 3.20:£0.37 384032
. 70°C-10°C 6.20£0.00 2,02+0.83 2.600.69 2.58:0.80 2,60::0.79
E. sakozakii 70°C-25°C 6.347:0.14 ND** 0474047 L17:£042 174022
HT 028 . 70°C-30°C 6.760.16 ND 11641138 1.350.94 1924171
80C-25°C 6.270,14 ND 0.30::0.24 041058 0.74:0.74
* log CFU/mL

ok ND, not detected: <1 CFU/mL of PIF by direct plating on plate count, agar.
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Fig. 8. Temperature profile of PIF reconstituted with

hot water at 60, 70 end 80°C, followed by storage
"at 10, 25 and $0°C for 800 minutes

10°C DL E sahazakii ORMEDM L, L
¥-T, WRIZAVIHE 600 THEMHBENFE LD
K, 70CEERLhBRHRMBONRIEOLEI LN
k. WERSOTOREYRI, HT 022 3>HT-028 8
>ATCCHROMTS - k. {FHERRICOVWTRES 10T
S0 AR EE, 3 HE O RITEEIIE L i,

LRoEBIz 50 3N oRE O kE sz 3K
Tl DHEERSFoBNERE LAKESE B80T+
25°C Tk 483C, P& 70°C+EEL0C T5E5C, B
& 70°C+HREE 25 2 681°C, PR TOCHRENC T
BRIC, & B0CH{FEF25°C T 602 2R, BAR
REPLIREETHERS L, 100~160 3 TEELRE
LisBER L

2) WEXBRRIBRITTES

WILEOHSN E. sakazakii DM X BEDONMI
RZTERIC oW TREET- 1 (Table 5). 25C @
BLENS2BIURY 7o C L YRR RERD
PIF L ATCCE% L) SRMEERL, #E 700 o
SDW 98 mL £MA. 2 3MWMHRAEET -/ +o8
R 5 YA TR 0.87 log CFU/mL DTS -
ADICHLT, £ oy HEEBAETE 211 og
CFU/mL oRb¥®oh, #5AMREBLTEY 70
i ryMOBRETIE | log REMVWENBESESH
. REEO N 5 ARWANRD o PIF &0 57.9C, #
Y7L YBTR 616C EXF AMID 4C BRERR
EEMTVERTE - k. BEERICSVTREWEET
WHOBIBIIES STk - k.

3) RAROTRITMSRIZTES

' ZEREEE S 5 Lo Licitic, Hislo
PIF & ATCCH#% L1) 2 FMICERIL, B& 70T ©%
ALAMORBEIRE Table 4 IR LA, RNETER,
% LIcSioRmBRIT 0.90 log CFU/mL 25 > 20k
LT, FRnMMES T 1,79 log CFU/mL 2 EMNOR
DHBD o, THMBAIETS S L TRMBED S 1
log TERE DR WRIEHEAGE S, MBHORIRER
ET5IT, THDMUET 62.7°C SFMn#LLES
X OC BUTWERTE - U8, EERSTREL
BE L RFNIMES o R bt b,

% x®
bHETR E. sakazakli REFIRBER S LTS
Toikboo, :‘&Emmsﬁmmum&wsf@c

Table 3. Effect of the materials of feeding bottles on survival and growth of E sgkozekii ATCC 29004 in PIF
reconstituted with hot water { 70°C ) and stored at 25°C

Feeding bottle Reconsttution Storage time {min)
(Material) - Before (Omin)  * Aftar (2 min) 30 min 120 min 300 min
Glass battle T.01t0.06* 6.1420.08 5.93+013 570043 5.86£0.11 -
Palypropylene bottle 7.05%0.10 4.940.44 434016 4234017 4.64:£0.49
¥ log CFU/mL
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Table 4. Effect of pre-heating treatment on survival and growth of E. sakazakii ATCC 20004 in raconstituted PIF

Preparation Reconstitution Storage time (min)
conditions Before {0 min) Alter (2 min) 80 min 120 min 800 min
No treatment® 7.04£0.11% 814009 5.03:£0,18 B.7010.43 E85E0.11
Treatment® 7.13%£0.03 5.34%025 4.81:£0.34 4702043 4,67£051
*: log CFU/mL '

= PIP was reconstituted with 100 mL of hot water at 70'C by mixing for 2min in a glass botile.
t: The glass bottle was pre-heated for 30 sec with 60 mL of kot water 2t 70°C, then the hot Wwater was dlscarded and the PIF

wasa reconstituted with 100 mL of hot water at 70°C.

+EEEE LThEEshTwA, FAO/WHO I 2004

FEB LU 2008 EL REAEUBAPD E sahazakii -

2884 5 FAO/WHO &REMRSI ZHL, PIFD
E. sakazakil % B2 BORYE A REBOREE T
ST EFMEL, WER HBE R SRR
EBEE YR ERWEBE, E schazakii OFHILEY
RATHE->TEORAUERETTHIERELTY
018 &= FAG/WHD it E sabazakii ORE LK
BRI EROLBOY S ¥ T4 ERRELTVE,

2008 SEI R T—5» 7 AO PIF OB Wb Ahsh

., CorSBERPLAFTLPIFIRER S E saka-

zakii DFEHEMOEEPEYSF AT SHFHLRE
Er ) 'C'Q o
E. sakazakii 275 S OB TR PICE &
HwLTWAY, bXROKRSKEY SN PTERENTY
EoWTOWRE RTINS, ETEOoMET X5
BBYITV. BEDRBHARKTRIAMETE S PIF
DS EELRIRNCERE VDR TWE Y, &
saharakii PROKEEEICLSFRN X 2 BHREEST
by, L Ligds, SHEeREciE

25 SHEbHAICEES RTWIRVEY, B KGR

EFHOREREPEENEL L TFLABRIIE SNV
. DHBRTH 3,

&iE, B saharakil ioBi B 2 2 ERONEO—
=& LT, PIF OBSLicB 3 RENRE 2 DFELCSBY
5 E sahazakii OMRBERL, BRI EY 5 L sake-
zahii DY R 7 EROREERS . B L& E sgka-
zakit DR 55°C & 5 80°C OfEET 2 Ao

T MEET e LTS, ATCCHMMLHEMAE L, &K
WTRGH RS R HT 022, HT 028 0ET
Bok XSKASONMBROENLSHTWS DMK
VT, ATCC Bk& HT 02284t 60°C T364L 18
S&iph, HT 0284k 62°C EBWT L6 A TH - 1t

Nazarowec-White '8 IZ85 & BEFREIMRD E. sokazakii

BT PIF it D {24 LTwad, 52~60C
< ® D it 54.8~2.2 5 OWHET, EREMEDES M
SRk b ERENTR D EHE L TWS, Breeuwer
59 § B8°C TODMEREL TV BN, 027~0.505
TPHokEHEELTWA, ii: Iversen 520 & D #1d

—

25

54~62'C T 164~03 3 EHMHLTW 3, bhbhio
b b, MR- TRBERRTICEHALNE
ot B sohozaki BRI X B SUEHE ORI &
WEMRET S S ATEREBT Ao LEL GILL,
RCEEO PIFELCB VA ST OREBHRER
HLkECs, BlcksEMEBEH, 26T CRFL
LRI 60°C OBRBEA VRS KRLE
ATCCH: X UFHT 022 P RBVTERUR IR h
i 70C OBETCIITRED ATCCH.RTS 1log

CPU/mL B XORBRMESH, & 5okBd SR

iz BT 02245 LU HT 028 BTk 4~6 log CFU/
mL BLEoRSRRSRMER SR, S5k 80C of

C BTR fEmkTRVTRb §log BLEOmWMGE

M Bk, FMRO PIF BHEKS Y RV C
Linb, WEH 70°C LLETShREYLREHRMES
hisolBbhi —%, #@% 00T K LRAKRE
KT REREEAT 3 400, AR~ ~DOXED Y
RIMHATBCE bEMT IHTERS S,

Ric, WHMOMICHIRFIsOW BT ERITT L
HEL o hior, WROHKIZ >V THREZT-
TOR, IS5 ASSEHEENA L To PIF ORI,
60°C DPE TR I ARBMEIN SN, E sakazakii O
R ENrBREiHs TR TR ORAELT, T0C

- OPR TR ENRR R RS S NI R

Bt #1070 EL/AREIEOBATR, X5 ANk
HATHE O, SHRMIRE OREET R WY
T, BOREBEMRIhAbOLER LR, Linkts
T, A3 AR TEETAmIcE, B8THELHLDE
BTHOTHS FIF ZFERS LB 5K B sahazakii ©
BEBRMLVEShiboEELNE
HHBoREREICSVWTH, RE 6T LT 30T
CHEENOER L & b EERINO TN &b T S
. 5K 10°C REFET LMK & » TREFSCHENnT
IEALEHONIOT, LAELEXT S LEARKO
PIF 2851 2B411 10°C £ b b 5C TORENASE
LT &SRS i, Gurtler 520 bBITHI E sake
zakii PEELTERETOREERFLTWAM, 12
21, 30°C TIHEHESED S iz b OO, £C THHREN
HEEhaCLERBL, B3rEsSLAVESR
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LCUUTTHEFTHC EEHREL T 3. Nazarowee-
White 5% &, PIF §1TO E sokazakii DIERR{EERT
ERELTED, HERBTH BE~80T, SRhiETi
5.5~75C THHT LEHLELTWS, Chdoséh
5 b, WMo PIF ORSMEFER 6C LTFTifoc e
BHAELWEEAONRA ABE WHOLFAOKR K ZZE
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