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Survey of Enterobacteriaceae and Cronobacter spp. in the dry-mix process
of powdered infant formula
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Abstract: Objective To characterize the occurrence of Enterobacteriaceae and Cronobacter spp. in the powdered infant
formula factories with dry-mix process, and study the potential contamination routes of Cronobacter spp. Methods Raw
materials, intermediate products, end products, and environment samples from four factories were surveyed.
Enterobacteriaceae and Cronobacter spp. were detected using traditional culture method. The isolates of Cronobacter spp.
were profiled by pulsed-field gel electrophoresis ( PFGE). Results The occurrence rate of Enterobacteriaceae was about
20% for the samples from the ground, air conditioning outlet and used cleaning tools. The occurrence rates of Cronobacter
spp. were 2.56% (12/468) and 0.27% (6/2 185) from the product related samples and environmental samples in
cleaning work area respectively. Clonal analysis using PFGE divided 22 Cronobacter spp. isolates into 13 patterns, each
clone was unique to each factory and only four patterns were homologous respectively. The main source of Cronobacter spp.
in end products was raw material, followed by environmental colonization strains. Conclusion It would help to get the
distribution of Enterobacteriaceae and Cronobacter spp. in the powdered infant formula factories, identify the potential
sources of Cronobacter spp. in the end products, develop sanitary control measures of the production process and ensure the
end product safety.
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Table 1 Result of Enterobacteriaceae and Cronobacter spp. in the environmental samples from cleaning work area
2013 4F 2014 4¢
3% RS B 1% K T R AT FE Wkt v R 0B R B
¥ FH 22/ % & B 2R /% B3 FH 2R/ % & B %%
P& AT (45 7% ) 141 14.18(20/141) 0.71(1/141) 84 3.57(3/84) 0.00(0/84)
. BES 36 11.11(4/36) 0.00(0/36) 43 6.98(3/43) 0.00(0/43)
B& ] B 5l 15 45 4 fk o T A A (W04 T4 21 28.57(6/21) 0.00(0/21) 23 4.35(1/23) 0.00(0/23)
WANRE(EE . TRS Bemhos) 7 14.29(1/7) 0.00(0/7) 15 20.00(3/15) 0.00(0/15)
F/FEEM 54 5.56(3/54) 0.00(0/54) 52 1.92(1/52) 0.00(0/52)
N TAER 58  46.55(27/58) 0.00(0/58) 59 16.95(10/59)  0.00(0/59)
TAEER 56 39.29(22/56) 0.00(0/56) 50 20.00(10/50)  0.00(0/50)
FREHISE T A 44 6.82(3/44) 0.00(0/44) 59 5.08(3/59) 0.00(0/59)
®T 7 14.29(1/7) 0.00(0/7) 17 23.53(4/17) 0.00(0/17)
o A BT O T (3R A 5D 88  18.18(16/88) 0.00(0/88) 41 21.95(9/41) 0.00(0/41)
I H T (RS 17 5.88(1/17) 0.00(0/17) 37 5.41(2/37) 0.00(0/37)
Az T A 7 0.00(0/7) 0.00(0/7) 20 0.00(0/20) 0.00(0/20)
W2 2 3 0.00(0/3) 0.00(0/3) 24 8.33(2/24) 0.00(0/24)
HAh 31 3.23(1/31) 0.00(0/31) 39 5.13(2/39) 0.00(0/39)
i % B 0 L A R 50 22.00(11/50) 0.00(0/50) 37 5.41(2/37) 0.00(0/37)
i T 80  35.00(28/80) 0.00(0/80) 107 24.30(26/107)  0.00(0/107)
i B 58  24.14(14/58) 1.72(1/58) 55 10.91(6/55) 0.00(0/55)
RE (AL 45 b TR AERE ) 37 24.32(9/37) 0.00(0/37) 58 6.90(4/58) 0.00(0/58)
& 1 % 10 20.00(2/10) 0.00(0/10) 15 0.00(0/15) 0.00(0/15)
ELES 72 2.78(2/72) 0.00(0/72) 70 0.00(0/70) 0.00(0/70)
25 % R 10 0.00(0/10) 0.00(0/10) 40 5.00(2/40) 0.00(0/40)
HAh 25 i [n] X 11 52 19.23(10/52) 0.00(0/52) 70 21.43(15/70) 0.00(0/70)
TFRMLAL R 31 0.00(0/31) 0.00(0/31) 38 2.63(1/38) 0.00(0/38)
25 AR 48 0.00(0/48) 0.00(0/48) 73 0.00(0/73) 0.00(0/73)
W 2 28 Ky 2k 9  55.56(5/9) 22.22(2/9) 6 100.00(6/6) 16.67(1/6)
A 7= 2 S TR ) TR 2R 7 28.57(2/7) 0.00(0/7) 14.29(1/7) 0.00(0/7)
W 7 42.86(3/7) 0.00(0/7) 50.00(1/2) 0.00(0/2)
LA 3 33.33(1/3) 33.33(1/3) — — —
it — 1044  18.39(192/1 044) 0.48(5/1 044) 1 141 10.25(117/1 141) 0.09(1/1 141)
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Table 2 Rresults of Enterobacteriaceae and Cronobacter spp. in the product related samples
2013 4F 2014 4F
53 TS B T i1 R 5B AT T FE Wkt R 5B AT
1541 PR M2/ % J& P M 2R/ % % A2/ % J& P M2/ %
HH 55 27.27(15/55) 0.00(0/55) 35 11.43(4/35) 0.00(0/35)
GHSEIER T D) 49 22.45(11/49) 6.12(3/49) 25 20.00(5/25) 4.00(1/25)
R — — — 2 0.00(0/2) 0.00(0/2)
1) T3 g HC TR — — — 5 0.00(0/5) 0.00(0/5)
J 5kt KA A 10 20.00(2/10) 10.00(1/10) 8 0.00(0/8) 0.00(0/8)
i 2 ol H R R 3 0.00(0/3) 0.00(0/3) 5 0.00(0/5) 0.00(0/5)
EES 7 28.57(2/7) 0.00(0/7) 11 0.00(0/11) 0.00(0/11)
BRE — — — 3 0.00(0/3) 0.00(0/3)
oAt 5 0.00(0/5) 0.00(0/5) 2 50.00(1/2) 0.00(0/2)
A0 2 RS — — — 13 7.69(1/13) 0.00(0/13)
TR G = (i) 3 0.00(0/3) 0.00(0/3) 9 11.11(1/9) 0.00(0/9)
i [a] ALK H % B — — — 2 0.00(0/2) 0.00(0/2)
7 il HUR AT ) 18 0.00(0/18) 0.00(0/18) 13 15.38(2/13) 0.00(0/13)
R BT 1 (ks e 4 100.00(4/4) 75.00(3/4) 4 0.00(0/4) 0.00(0/4)
Hifl 3 66.67(2/3) 0.00(0/3) — — —
2 by B Bt 1 >R A 106 29.25(31/106) 3.77(4/106) 68 4.41(3/68) 0.00(0/68)
&t — 263 25.48(67/263)  4.18(11/263) 205 8.29(17/205)  0.49(1/205)
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Figure 1 PFGE dendrogram of Cronobacter spp.
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