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ABSTRACT - In the present study, the performance of culture methods using two selective agars and real-time
PCR were compared for selective isolation of Cronobacter in powdered infant formula and dried pumpkin. Two food
samples were spiked with the pathogen and then preenriched in distilled water. A small portion of preenrichment
(10 mL) was incubated in Enterobacteriaceae enrichment both, followed by inoculation onto Druggan-Forsythe-
Iversen agar (DFI agar) and Cronobacter sakazakii chromogenic plating agar (R&F agar). The preenrichment and
enrichment (1 mL each) was used in real-time PCR assay. In powdered infant formula (PIF), no statistical difference
was observed between both culture methods and real-time PCR with preenrichemt (p > 0.05). However, the number
of positives obtained by R&F agar and real-time PCR was much higher than that of culture method using DFI agar in
dried pumpkin (p < 0.05). In particular, R&F agar yielded a significantly greater selectivity than DFI agar in dried
pumpkin (p < 0.05). Real-time PCR and R&F agar, which are currently recommended by US FDA, could be used as
an alternative detection tools for the isolation of Cronobacter in PIF and ingredient of child foods such as dried pump-
kin that has high number of competing natural microflora.
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Table 1. Inclusivity and exclusivity of two selective agars

Bacteria Strain number DFI agar" R&F agar?
Inclusivity

C. sakazakii KCTC 2949 TG TG

Cronobater 1 15 TG TG

Cronobater 2 14 TG TG

Cronobater 2 15 TG TG

Cronobater 3 21 TG TG

Cronobater 3 24 TG TG

Cronobacter spp. Cronobater 3 27 TG TG
Cronobater 5 14 TG TG

Cronobater 5 15 TG TG

Cronobater 5 17 TG TG

Cronobater 5 20 TG TG

Cronobater 5 21 TG TG

Cronobater 6 _15 TG TG

Exclusivity

Enteobacter aerogens ATCC 13048 NTG NTG
Enterobacter aerogens 5 14E NTG NTG
Enterobacter clocae 5 11G NTG NTG
. Enterobacter clocae 5 14G NTG NTG
GragSZiitwe Citrobacter freundii ATCC 8090 TG NTG
E. coli ATCC 25922 NTG NTG
E. coli ATCC 11775 NTG NTG
Salmonella A106 NTG NTG
Shigella flexneri ATCC 12026 NTG NTG

Enterococcus faecalis ATCC 51299 NG NG

Listeria monocytogenes ATCC 51776 NG NG

Gram positive Listeria inocua F120321 NG NG
bacteria Staphylococcus aureus ATCC 6538 NG NG
Bacillus cereus ATCC 21768 NG NG

Bacillus cereus ATCC14579 NG NG

DTG, typical growth; NTG, growth but non-typical shape of colony; NG, no growth
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Results and Discussion
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Table 2. Comparison of the number of Cronobacter positive samples between the standard culture method using two selective agars and
the real-time PCR in artificially inoculated infant formula and dried pumpkin

No. of positives/ No. of total samples (%)

. Inoculum :
Sample Trial (CFU / 500 g) Culture method Real time PCR
DFI agar R&F agar 1** enrichment 2™ enrichment
' 1 60 7/20 (35)* 6/20 (30)* 4/20 (20)*® 0/20 (0)®
Infant formula P A A A B
2 100 19/20 (95) 18/20 (90) 17/20 (85) 0/20 (0)
Subtotal 26/40 (65)* 24/40 (60)* 21/40 (53)* 0/40 (0)®
. . 1 145 0/20 (0)* 7/20 (35)° 8/20 (40)° 4/20 (20)"8
Dried pumpkin " N 5 5 N
2 175 2/20 (10) 17/20 (85) 14/20 (70) 2/20 (10)
Subtotal 2/40 (5)* 24/40 (60)° 22/40 (55)° 6/40 (15)*°
Total 28/80 (35)* 48/80 (60)° 43/80 (53.8)" 6/80 (7.5)¢

YValues followed by different uppercase letters (A, B) in the same row are significantly different (p < 0.05).
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Z 247), 12} S F real-time PCR 55%(407] A& =
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T 7 AguiRls BERolMdE fARRE 59 A&

< HAoy, AxFHA = R&F #IA7E fo]doz
S AZES HYHp <0.05, Table 2). ©]&3 HEE2

S

olr

Lo

Table 3. Comparison of the standard culture methods using two
selective agars for non-Cromobacter in artificially inoculated
infant formula and dried pumpkin

No. of plates positive for non Crono-

Sample (Level of Trial bacter / No. of total samples (%)

background flora)
DFI agar R&F agar
Infant formula” 1 0/20 (0) 0/20 (0)
(<10 CFU/g) 2 0/20 (0) 0/20 (0)
Subtotal 0/40 (0) 0/40 (0)
Dried pumpkin? 1 14/20 (70)* 5/20 (25)°
(10°CFU/g) 2 17/20 (85)* 6/20 (30)®
Subtotal 31/40 (77.5)* 11/40 (27.5)®
Total 31/80 (38.8)* 11/80 (13.8)°

DStatistical analysis is impossible in infant formula. At least one
of these values must be positive.

DValues followed by different uppercase letters (A, B) in the same
row are significantly different (p < 0.05).
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RO (p <0.05), AZZ4Hre] 7§ R&FHIA 2} real-time
PCRW©] DFIOMET foZog o AEES Bt
(p<0.05). WiA] 7+ Aol A=, R&F Agu|A] =
AZZHko| A DFIo| ¥l foFoe=z =& }HE}]}\-LQ_ 185
EFATHp < 0.05). Real-time PCR ¥ R&Fu|A] 9] AME-S
FE olU gt A% 38 59 2o AQMAEES 2= o
frob2e] Y82 AREE & e AF
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aHHo 2 HET F A= YHOE AIEEU
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