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Effects of the Reconstitution and Storage Conditions of Powdered Infant
Formula (PIF) on the Survival and Growth of Enterobacter sakazakii

Hirokazu OGHARAL*, Asako Tuvurs!, Soichi FURUKAWAL,
Yasushi Mormiaca! and Shizunobu Ism®

! Department of Food Bioscience and Biotechnology, College of Bioresource Sciences,
Nihon University: Kameino 1866, Fujisawa, Kanagawa 252-8510, Japan;
% National Institute of Health Sciences: 1-18-1 Kamiyoga, Setagaya-ku, Tokyo
158-8801, Japan; * Corresponding author

The effect of the reconstruction and storage conditions of powdered infant forrnula (PIF) on
the survival and growth of three Enterobacter sakazakii strains, ATCC 28004, HT 022 and HT 028,
was investigated. D values of E. sakgzakii ATCC 29004 and HT 022 at 60°C were 3.6 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 three E. sakazakii strains was also
investigated. One to 2 log order inactivation occurred at 70°C, and above 5 log order inactivation
at 80°C. Storage tests at 5, 10 and 25°C showed that none of the strains could grow at 6°C, HT 028
grew slightly at 10%, and at 25%C all three strains started growth after 4 hr incubation and

reached up to 8 log CFU/mL after 16 hr incubation. From the above results, it is concluded that )

a suitable temperature of the ot water for reconstruction of PIF is above 70°C, and the preferred
storage temperature of reconstructed PIF, which is recommended to be consumed within 2 hr, is
below 5°C.,

(Received October 31, 2008)

Key wards: Enterobacter sakazakii; F.RRFEEGT, PIF (Powdered Infant Formula); 333 prepar-

ing a feed using PIF; D i D values; {2% storage
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SDW 99 mlL 5L, 25MWMIEEERET k. K
§EM 25°C T 300 AR L4, SATERRE 0, 30, 120, 300
ApicskleEb L, FooEBERERHAL A,

3) FREMEOTFIRMEL R ET R

HILROMREMY 7 ROFE, HELRERMET
FA0T, ¥ AGLEES OH LHRELARETOR
WRIE o WTRE L, b, 25C KRR LA
AAFic 70°C © SDW 50 mL %I04, 1 AREEREITD
B, THALEDCATERO PIF & ATCCH#%E 11) &EfiR
ML ki 70°C SDW % 899 mL JnA, 2 ARdie:
AR . WAERE 25°C T 300 AREEL, BENKO,

" 80, 120, 300 A IcEVE A I D H L, EEREEEHAIL
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1. B sakazakii OFEICET 3 EHRE
1) BERESREMRCRITTEE

A E. sakazakii o33 2 BEHE4E ’II‘able 1

RL/ PIF CBEEERL, e k388 ombe
#mat L& oA, ATCCEETIR B5C T 0.16 log CFUY/
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mlL &EHoRDHED Shi. BEXSWER 70, 75,
80°C MBTHREHENE L Wih b EHIcRliEhi
Mo i RICHT 0228, 55C T 0.80 log CFU/
mL, 60°C T 3.99 log CFU/mL LEHORPHRE b1k
M, 65~80°C METRWENGRHEhEAad. 20
1= HT 028 #lc oW T, 55°C OBRTos RS i
DA LT, 80°C BlEoBEEEETVWThbiiiah
o, chdbol &ky, MBMBEMNE{LIE2N
THE DL, T0C L ECEMLBEYSEMAED bR
fo. EEMEIIERRICE D ER D, ATCCHAOR &M,
RWTHT 022 #, HT 028 #0lE?, HT 028 #kit{fho
EE i EhsT s AR - ., TS, QBB L - THER PIF
5t E sakazakil BBHs b2,

2) SMERENE (D ONEREE

BEYUETHAZEOEHEEL L DHizoWwT, B
BEAV-&EToERY Fig 1 KFL DBR—E
OB HWTHEYH 1/10 Kb+ 3 0BT 250

ZRTHEETSH I, 50, #EERES SN LD 50~

80°C O&LETTHEREEEITYY, ATCC & HT 022 #ic—
VTSR 60°C T, HT 0288kl 52°C 2BALT
B ET- 7. EOHERATCCHTIR DIEH 60C T
884, HT 02257 60°C lcBWT 1943 TH » 7.
HT 028 #Tidfihed 2 BBk HEE L iisEdg e, D
it 62°C T LBa&i-i,

2. E sokazakii O¥FEI-RIZTIEFFEREORE

FI &I B VT E sokazakii DTHREREEEL, &
FFRBEEITH Y B E. sahazakii OMREEIRN L1 (Fig. 2).

ARREAOBRFEICHYTZ 5 & 10T B#E TR, ATCC
& HT 022 oMt ED S hid or. —F, R

* E. sakezakii ATCC 29004
Ds=3.6 min

y=-0.277x + 6.7019
R =0.9334

Survivors (log CFU/mE)
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2at
g37
E 2 ¥y =-0.6203x + 6.749
g1r R*=0.9673
u 1 [ ] 1

‘0 1 2 3 4 5
Treatment time (min)

Fig. 1. Thermal inactivation of E. sakazakii in
reconstituted PIF

Table 1. Survival of E. sakazakii ATCC 20004, E. sqkazakii HT 022 and K sakazehif HT 028 after reconstitubion of
powdered infant formula (PIF) with hot water at different temperatures )

Temperature (°C) of hot E, sakazakii ATCC 29004 E. sakazokii HT 022 E. sahazakii HT 028
water added to PIF Before (Omin) After (2min} Before (0min) After (2min) Before (0 min) After {2 min)

55°C 6.84£0.10% 6.10£0.07 0.67%0.19
60°C 6:31£0.10 2914011 ND
65°C 3.04:£0.29 ND ND
70°C 7.00£0.11 ND# 6.80£0.14 ND 6.39%0.20 ND
76°%C ND ND ND
80°C ND ND ND

* Jog CFU/mL

¥ ND, not detected: <1 CFU/mL of PIF by direct plating on plate count agar.
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OEVHET 0284571, 5C RFCB VT2 Wk
EHS I TSR b Iviib s EOIEXSL T, 10C RET
HARTE 16 B SIS I T 2 lanils shil, BE%
HEL 25°C T, HE 3RS bRE 4 I5HR
M s N, 8 Hi#icit 5~6 log CFU/mL ic,
X B {REF 16 ISRE I3 S THk & & 8 log CFU/mL k&
ML, $Hc HT 028 BRic> W Tl 10°C THIMRET 3
Tk TR S h, 25C FETREAR KL SRR
BTHRER S fuk,

3. BEAOEELSTIRARDREBELN E saka-

rakii OHELRIFTER

1) FRERFRENRITER

HEBLOBEMN E. sakazahii ORE R E 3% L BT
BOBREEENERONR I RIFTHERE Table 2 IR
L.

B 60°C Mo B ATCC & HT 022 #cid, |
BuE 14— F-UTLOBHShBWORNLT,
HT 028 #2713 2.85 log CFU/mL LEB@ORHLBE LN
Fz. tRic 70°C BB & REEE (10, 25, 30°C) TR
OINEMER, ATCCHTIE 0.63~1.26 log CFU/mL,
HT 0228 € 2.37~592 log CFU/mL, HT 0287
A.18~86.75 log CFU/mL OFiFETHREWRHSRD S,
B8 60°C MERL b b RIFUNENRESIEES L. &5
iR 80°C ME TR, WIhoEkb 84 —F—Llko
B RESRENES L.

RERRICO VTR, ATCCHRTRBESCC+RE
95°C ko & e inMRE L hik oo, okt
wEth bR IR S R, KRICHT 0223 TRBE
60°C+ IR4E 265°C LB 70°C +REE 10°C KT O LI
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Fig. 2. The relationship between storage temperature
znd the growth of Z sakazakii in reconstituted
PIF

Table 2. Effect of the hot water temperature and the storage temperature of reconstituted PIF on survival and growth of
7 sakazakii ATCC 20004, E. sehazehii HT022 and E. sakazekii HT 028

Strai “Temperature (C) Reconstitution Storage time (min)
alm
Hot water & Storage  Before (Omin)  After (2 min) 30 min 120 min 300 min
60°C-25°C 5.91::0,28% 654018 6761012 6.6750.41 782012
. 70°C-10°C 6.95::0.01 6.32+0.17 £.230.05 6.14+0.16 619008
E. sokazakis 70°C-25°C 7.04:£0.07 6.1420.09 593013 5.70:£0.43 5.86:0.11
ATCC 29004 70°C-30°C 6.94:0.10 568012 5.22+0.13 5.13+0.23 516061
80°C-25°C 6.96:£0.01 1.41£0.95 134+1.07 173+1.28 266172
50°C-25°C 6.92:£0,07 6.2050.02 6.27:£0.62 6.00£008 607026
. 70°C-10°C 6.61::0.00 4247022 404019 4142028 383:+0.69
E. sahazokil 70°C~26°C 6.99+0.11 258069 - 250+064 2924091  401%082
HT 022 T0C-30°C 6.84::0.07 0921081 0842028  068%052  256£059
80°C-26°C 6.08+0.01 0.16£0.23 1.94+0.78 2,38:£0.71 3.62::071
60°0-25°C 6275014 342005 2.91+0.59 3.20£0,87 384+0.32
. 70°C-10°C 6.20£0.00 2,02%0.83 2.60:0.69 2.68+:0.80 2.60£0.79
E. sakazakit 70°C-26°C 6.340.14 ND®* 047047 1174042 1.74+0.22
HT 028 . 70°C-30°C 6.7540.16 ND 1.16E113 1.35:0.96 1.92+1.71
80°C-26C 6.27+0.14 ND 0.30:£0.24 041058 0.74:£0.74

* log CFU/mL

o N, 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 and 80°C, followed by storage
at 10, 25 and 30°C for 800 minutes

1o, B L TOREYER, HT 022 #>HT 028 i
>ATCCHDNITS » 7o, FERBIC-VWTHERE 10
2o DR, 3 EbkO MM EIMHI U .

FiRoERiIc Y sELEPoEEOELE Fg 31T
WL HeRfliEolREuELABR BEe0C+
25°C T 483°C, B 70°C+{RIEE 10°C ¢555C, B
8 70°C+ 4 26°C T 58.1°C, HE 70C+HEE 0T T
BR7C, BR 80°C--FEF25°C TE0.2TC 2HRL, [IE
HEPHUEELTHERE N, 100~160 £ TEE0EE
LBl i,

2) WEHEBBIRETTER

WHHOREN E sakazakii DEY : BEHOMIEIC
BT oW THREEIT - & (Table 83). 25%C i
BLiFs R8I0 oL yUEIRCTERD
PIF & ATCCH#Z L) CREBIEEREL, BE 70C ©
SDW 98 mL &MMA, 24WMMRNEET - o0&
£, 7 AL TR 0.87 log CFU/mL DRDTH -
DIHLT, &Y v EHEAETE 211 log
CFU/mL ORDHFEBLEN, F5ABclkBLT#Y 7o
EryBomIETR 1 log EEEVENURNES L
fo. MR X 5 2 HHIMR O PIF BER 57.9°C, &
U7R Ll 81.5°C &45 ABE b 4C B L5
EEMNEmWERTh - RERBIC SO TRANLET
B oEnIED ohilh- .

3) MIEOTFHRINEDRIZTRE

H'5 RGEELHEE B B UHIIMMIE L <81, FiERo
PIF & ATCCHE% 1.1) & F#ucEE L, BE 70C ©F
HLAMOWEHNREE Table 4 IZFEL 2, 0BT,
# LR oRERIE 0.80 log CFU/ML & - e Do
LT, FHmMESR T 1.79 log CFU/mL o
DB 5, FHMBMELTS C L vhNBmEn s 1
log BEEDOE WREDENE s M, MIEEOBRIIRM
ET58.17C, THIIMUET 62.7°C & FMMmMLAES
MEC BEBVERTH - Bk, BEEEHCIEL
H & RN ER oMM R o hitb - 7.

# %
DHE TR E. sakazakii ZETIRBEEE L TN A
TWibo0, HETRANROERLBRELS| g8

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

Reconstitution

Storage time (min)

Feeding hattle
(Materiai) Before (Omin)  ° After (2 min) 30 min 120 min 300 min
Glass battle 7.01£0,06* 8.14£0.09 593013 5.70£0.43 585£0.11
Polypropylene bottle 7.0520.10 4945044 434016 4234017 4,84:£0.49

* log CFU/mL
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Toble 4. Effect of pre-heating treatment on survival and growth of E. sakezakii ATCC 29004 in reconstituted PIF

Preparation Reconstitution Storage time (inin)
conditions Before {0 min) After (2 min) 30 min 120 min 500 min
No treatment® 704E0.11% 6.14+£0,09 5.08::0.13 8.70::0.43 5.85:20.11
Treatment® 7.13%0.03 5.34%=0.25 4812034 4.70+0.43 4,67£0.51
* log CFU/mL

) PIF was reconstituted with 100 mL of hot water at 70°C by mixing for 2 min in a glass bottle.
b The glass bottle was pre-heated for 80 sec with 50 mL of hot water at 70°C, then the hot water was discerded, and the PIF

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