
Note

Biocontrol Science, 2017, Vol. 22, No. 2, 125－129

＊Corresponding author. Tel: +81-49-282-7343 Fax: +81-49-
282-3717, E-mail : ueda（a）eiyo.ac.jp

The Effects of Temperature on the Growth and Heat 
Resistance of Cronobacter spp.

SHIGEKO UEDA1＊

1Laboratory of Hygiene, Kagawa Nutrition University, 3-9-1 Chiyoda, Sakado-shi, Saitama 350-0214, Japan

Received 18 November, 2016/Accepted 20 January, 2017

　The growth and survival of Cronobacter isolates were examined under incubation at different 
temperatures, and their thermal death behavior was investigated at high temperature conditions 
of above 50℃. Seventy three strains isolated from fresh vegetables, dried foods and soil were 
tested: 28 of Cronobacter sakazakii, 5 of C. dublienensis, 27 of C. malonaticus and 13 of C. turi-
censis. All Cronobacter strains grew and multiplied predominantly at 35 and 44℃ until 16 hours of 
incubation, but showed poor growth at 15℃, and no growth at 5℃. At 48℃, the bacteria grew 
slightly during 6 to 8 h-incubation but decreased or were inactivated after 16 h-incubation. The 
heat resistance of Cronobacter spp. was measured under the conditions of 50, 55, 60, 65 and 70℃. 
Cronobacter strains survived almost without decrement for 30 min at 50℃, but decreased 
suddenly and perished completely within 10 to 20 min at 55℃ and within 2 - 5 min at above 60℃. 
Some food materials should be stored below 5℃ until the preparation, and dried food including 
powdered infant milk formula should be utilized immediately after reconstitution and preparation.
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　Cronobacter spp. have been isolated from a wide 
spectrum of food and food ingredients including infant 
food, dairy food, eggs and meat, cereal products, 
legumes, spices and herbs, seeds, and various dried 
foods （Hochel et al., 2012）. Moreover, the bacteria are 
ubiquitously distributed in the environmental soil, water, 
and dust, as well as utensils used for the preparation of 
dried food. Cronobacter spp. are gram negative, facul-
tative anaerobic, nonspore-forming, motile bacteria of 
the family Enterobacteriaceae, and are recognized as 
one of agents of foodborne illnesses. The main species 
of Cronobacter are C. sakazakii, C. dublinensis, C. 
malonaticus, C. muytjensii and C. turicensis （Iversen et 
al., 2008）. Furthermore, C. condiment, C. univeralis, C. 
helventicus, C. pulveris and C. zurichensis have recently 
been added as novel species （Joseph et al., 2012; 
Brady et al., 2013）. Ueda （2016） surveyed the occur-
rence of Cronobacter spp. in dried foods, fresh vegeta-
bles and soil, and found that C. sakazakii, C. malonat-
icus, C. dubliensis and C. turicensis were predominant 
among these materials. In this study, the growth and 

survival of the Cronobacter isolates were determined 
under incubation at different temperatures, and their 
thermal death behavior was investigated at high 
temperature conditions of above 50℃.
　Seventy three bacterial strains were used in this study 
including 28 of C. sakazakii, 5 of C. dublienensis, 27 of 
C. malonaticus and 13 of C. turicensis. These had been 
isolated from fresh vegetables, dried foods and soil in a 
previous survey （Ueda, 2017） （Table 1）. For the deter-
mination of the growth behavior of Cronobacter spp., 
each strain was inoculated into Brain Heart Infusion 
broth （Difco） at the level of 102 cfu/mL, and cultured 
under shaking until 24 h at temperatures ranging from 5 
to 48℃. The bacterial plate counts were measured on 
the ENTEROBACTER SAKAZAKII agar plate （Merck） at 
2, 4, 6, 8, 16 and 24 h after the incubation.
　Similarly, several types of dried food including infant 
powdered milk formula prepared according to the 
manufacturer’s instructions were used for determining 
the growth of the bacteria. For the estimation of heat 
resistance and/or thermal death time, the cells of each 
of Cronobacter strain were suspended in nutrient broth 
（Difco） at the level of 107 cfu/mL, and the suspensions 
were heated for 1, 2, 5, 10, 15, 20 and 30 min under 
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each growth curve at the incubation temperature of 44℃, 
35℃ and 25℃. The GT of 28 strains of C. sakazakii were 
18.2±4.2 min at 44℃, 22.4±5.1 min at 35℃ and 42.6
±10.7 min at 25℃. The GT of 5 C. dublienensis strains 
were 16.9±1.9 min at 44℃, 27.9±5.8 min at 35℃ and 
45.1±5.6 min at 25℃. The GT of 27 C. malonaticus 
strains were 19.7±3.0 at 44℃, 22.7±3.8 min at 35℃ 
and 42.1±10.7 min at 25℃, and the GT of 13 C. turi-
censis strains were 20.3±2.9 min at 45℃, 24.7±5.4 
min at 35℃ and 48.2±12.9 min at 25℃, as shown 
Table 1. The generation times of each Cronobacter 
species were not found among the strains originated 
from different sources, and were commonly shorter at 
44℃-incubation conditions than at 35 and 25℃ regard-
less of species.
　Fukuda et al. （2014） described that the optimum 
growth temperature of C. sakazakii was observed at 
approximately 37 to 44℃, and was higher than that 
typically observed for Enterobacteriacae, but growth 
was not observed above 49℃. Nazaromec-White et al. 
（1997） found that the minimum growth temperature of 
Enterobacter sakazakii was 5.5℃ in infant powdered 
milk formula. Gurtler et al. （2007） investigated the 
growth of C. sakazakii in infant formula at different 
temperatures and observed no growth at 4℃. The 
growth behavior of Cronobacter in this investigation was 
identical with the descriptions of the previous studies 
described above.
　The heat resistance of Cronobacter spp. was measured 
under the conditions of 50, 55, 60, 65 and 70℃. The 
thermal death curves of five strains including C. saka-
zakii ATCC 29004 and C. sakazakii F11, C. malonaticus 
F12, C. dublinensis F9 and C. turicensis F19 from dried 
foods are shown in Fig.3. Five Cronobacter strains 
survived almost without the decrement for 30 min at 
50℃, but decreased suddenly and perished completely 
within 10 to 20 min at above 55℃. The numerical 
decrements of 72 strains of Cronobacter spp. after 
heating at 50, 55 and 60℃ are shown in Table 2. The 
viable cells survived approximately in the original 
numbers until 15 min-heating at 50℃, but the cells of 4 
species of Cronobacter perished completely during 10 - 
15 min at 55℃. The decimal reduction time at 60℃ （D60 
value） estimated from the thermal death curves was 
suggested to be within 60 s in all Cronobacter cells. 
Nakamura et al. （2011） described that cells of C. saka-
zakii were not eliminated and survived at low levels in 
powdered infant milk inoculated with 104 cfu/mL, recon-
stituted with water at 60 and 70℃. Thus, some food 
materials should be stored below 5℃ until preparation, 
and dried food including powdered infant milk formula 
should be utilized immediately after reconstitution and 
preparation.

the heating conditions of 50, 55, 60, 65 and 70℃, 
respectively. The survival bacterial counts were 
measured on the ENTEROBACTER SAKAZAKII agar 
plate （Merck） after the heated samples were immedi-
ately cooled.
　The growth of Cronobacter strains from various sources 
was assessed at a temperature range of 5 to 48℃. As 
shown in Fig.1, several strains including C. sakazakii, C. 
malonaticus, C. turicensis and C. dublinensis strains 
grew and multiplied predominantly at 35 and 44℃ until 
16 h-incubation, but showed poor growth at 15℃, and 
no growth at 5℃. At 48℃, the bacteria grew slightly 
during 6 to 8 h-incubation but decreased or were inacti-
vated after 16 h-incubation. These growth patterns 
were almost identical in all tested strains from different 
sources. The growth patterns in powdered infant milk 
formula were similar to the growth curves in BHI broth, 
as shown in Fig.2.
　The generation times （GT） of Cronobacter spp. from 
different sources were estimated on the basis of the 
changes in the bacterial counts in the log phase from 

TABLE 1．Generation time of Cronobacter spp. isolated 
from fresh vegetables, dried foods and soil at different 
temperatueres.

Origin
No. of 
strains

Generation time （min）1） at :

44℃ 35℃ 25℃

C. sakazakii

vegetables 9 16.8±2.0 24.1±6.4 42.9±13.1

dried food 8 16.5±1.8 21.9±6.2 46.7±11.6

soil 11 20.4±5.7 21.5±1.6 39.4±6.1

total 28 18.2±4.2 22.4±5.1 42.6±10.7

C. dublienensis

vegetables 1 14.8 38.3 39.3

dried food 1 15.6 22.3 51.8

soil 3 18.0±1.6 26.2±2.6 44.8±5.1

total 5 16.9±1.9 27.9±5.8 45.1±5.6

C. malonaticus

vegetables 9 21.0±3.7 21.2±1.9 42.5±9.5

dried food 9 18.7±1.5 23.1±3.7 39.6±5.7

soil 9 19.4±2.8 23.9±4.7 44.3±14.5

total 27 19.7±3.0 22.7±3.8 42.1±10.7

C. turicensis

vegetables 6 20.6±3.5 24.1±4.4 44.6±5.1

dried food 7 20.0±2.2 25.1±6.1 51.3±16.3

soil 0

total 13 20.3±2.9 24.7±5.4 48.2±12.9

1） Mean±SD
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FIG. 2．Growth curves of C. sakazakii F1 at different temperatures in powdered infant milk formula 
inoculated at different levels.
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FIG. 1．Growth curves of Cronobacter isolates at different incubation temperatures.
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TABLE 2．Numerical decrements of Cronobacter spp. from soil, vegetables and dried foods heated at different 
temperatures.

Species tested 
（No. of strains）

Heat Temp.
℃

Survival bacterial counts1） after Heat Time （min） for:

0 1 2 5 10 15

C. sakazakii
（27 strains）

50 7.2±0.34 7.2±0.35 7.2±0.35 7.1±0.41 6.9±0.51 6.8±0.63

55 7.2±0.34 7.1±0.38 6.6±0.50 3.0±0.68 0.4±0.80 ND

60 7.2±0.34 6.5±0.83 0.5±1.10 ND

C. malonaticus
（28 strains）

50 7.0±0.14 6.9±0.17 6.9±0.15 6.8±0.18 6.6±0.18 6.3±0.41

55 7.0±0.23 6.9±0.27 6.2±0.57 2.8±0.67 0.4±0.90 ND

60 7.0±0.23 6.4±0.49 0.6±1.40 ND

C. turicensis
（13 strains）

50 6.9±0.12 6.9±0.21 6.9±0.26 6.7±0.27 6.5±0.37 6.4±0.53

55 6.9±0.12 6.9±0.21 5.9±0.59 2.9±0.69 ND

60 6.9±0.12 6.3±0.32 0.3±0.91 ND

C. dublinensis
（4 strains）

50 7.1±0.16 7.2±0.25 7.2±0.22 7.0±0.44 6.7±0.53 6.4±0.60

55 7.1±0.16 7.2±0.22 6.5±0.36 2.8±0.47 0.3±0.56 ND

60 7.1±0.16 6.5±0.28 ND

1） The bacterial counts were expressed as log of CFU/mL.

FIG. 3．Decrement curves of Cronobacter spp. after heating at different temperatures.
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