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Abstract: To achieve the rapid detection of the common contaminating bacteria C. muytjensii in milk powder, specific probes and primers
were designed based on the cgcA gene. The reaction system and reaction conditions for the detection of C. muytjensii were developed using
quantitative real-time polymerase chain reaction (PCR) assay. Additionally, the specificity, sensitivity, and reproducibility of this method were
evaluated, and the method was applied.for the detection of artificially contaminated samples. The results showed that the specificity of real-time
PCR assay was 100%; the sensitivity results revealed a detection limit of 440 cfu/mL for C. muytjensii. The reproducibility test results showed
that the intra-assay coefficient of variations (CVs) ranged from 0.48% to 0.69%, while inter-assay CVs ranged from 0.69% to 0.73%. For the
artificially contaminated samples, a“positive result-was obtained after 6 h of enrichment. The established real-time PCR assay exhibited good
specificity, high sensitivity, and high reproducibility, and has promising potential to be a novel method for the rapid detection of C. muytjensii in
food as well as a'good value in research and application.
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Table 1 Bacterial strains used in this study and PCR results

Lactobacillus pentosus DMDL 9010 CGMCC 5172

" o %% PCR

A BERR n
Cronobacter muytjensii ATCC 51329 +
Cronobacter sakazakii ATCC 12868 -
Cronobacter sakazakii CMCC 45401 -
Cronobacter sakazakii ATCC 29544 -
Cronobacter sakazakii W B 1 ~
Cronobacter sakazakii WS B2 -
Cronobacter turicensis ZSCIQ -
Cronobacter malonaticus ZSCIQ -
Cronobacter universails ZSCIQ -

Cronobacter dublinensis sp.
dublinensis 28c1Q )
Cronobacter dublinensis sp.

lausannensis 28ciQ )
Cronobacter dublinensis sp. lactatidi ZSCIQ -
Cronobacter condiment ZSCIQ -
Enterobacter cloace ATCC 13047 -
Enterbacter cloacae CICC 21539 -
Escherichia coli NCTC 12900 -
E. coli 0157:H7 CICC 21530 -
Escherichia coli ATCC 9637 -
Enterbacter aerogenes CICC 10293 -
Enterobacter aerogenes ATCC 13408 -
Bacillus cereus CMCC 70331 -
Bacillus cereus CCTCCAB92023 -
Shigella sonnei CMCC 51592 -
Salmonella typhimurium CCTCC 94018 -
Salmonella choleraesuis CMCC 50337 -
Salmonella choleraesuis CMCC 50732 -
Listeria monocytogenes CMCC 54002 -
Listeria monocytogenes ATCC 19117 -
Listeria monocytogenes CCTCC 97021 -
Lactobacillus rhamnosus CICC 6149 -
Bacillus subtilis CICC 20533 -
Bacillus thuringiensis CICC 23706 -
Lactobacillus reuteri CICC 6119 -

72: ATCC 4 £ B &R FARAR T, CMCC AT EEF

MERBEIEF s, CICC A+ B T ks M Frikms 22+
&, CGMCC 4 ¥ E-E@ A i AR R E 2P, NCTC 4
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Table 2 Sequences of primers and probes

AT B AT FI(5-3) R TWC ARREK A
L334 CMUPF14 GGATACGCAGGAGGTGGCA 19 60.6
Fi#35]4 CMuPR13 GATGCTGCCTGCCAGCAGG 19 60.2 120

354 CMuPB64  FAM-5’CATTTTAGCGCTTGATACTCCCCTGGGC-BHQ1 28 70.0

1.2.2 DNA A 6942
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EURYT v B VT T LB 55373%, 37 “CRER 12
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10°. 107, Hr10®. 10%. 10°. 10 FH4HEHEEGRT
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Fig.1 Real-time PCR amplification result

3 RYFLWER
Table 3 Sensitivity for detection of C. muytjensii by real-time PCR

R . c2t4ﬁ 3 B Ct (SD) %CV Pt CE A
10 2016 2056 20.90 20.54(0.30) 146 TNTC
10? 23.82 23.56 24.09 23.82(0.22) 0.92 TNTC
10° 2769 2815 27.97 27.94(0.20) 0.72 TNTC
10 3138 3108 3171 31.39(0.26) 0.83 TNTC
10° 33.79 33.36 33.72 33.62(0.19) 0.57 318
10°® 37.57 37.47 37.24 3743(0.14) 0.37 44
107 - - - - - 5
A B A (%CV) =k £ SDIF¥) Ct{a.
ol 24 PCR it/ S AR Ao 4 R
0257 FIH65E B PCR A T 84l ) LRE 7 9985,
& 0200 S TR = ABHIEV T BE RS 6 h S AR B
2ol P, GERUTR 5 IR, AR T84 LRy
oos| PRI RIS HE S d A BB TSR, 5%
000 f= = 252 B PCR 77—, k48 LU, et 3ok
005 A PCR VKKK T RV Wi 5e B T Bl T

2 4 6 81012 14 1618 2022 24 2628 3032 3436 38 40
A
E2 TR T ETEREE %k
Fig.2 Curve of detection limit. of C. muytjensii by real-time PCR

2.3 PCR iyt = |

FaetE RANER 4 FoR. AN SEIRRE MR
(1) 4 APATRERY 3G i A AE B E A I AR EES,
P Ct AR YU Bl E 27.56~37.51 2 [H], CV 7E 0.48~0.69%
Z BN . TZELIA) A R AR BE FE 1Y) 4 AN E] Bl
W iR AE A LM AR FE G, T CHETE TR
27.54~37.51 2 [a], #£ 0.69~0.73% [AJi 5l . 4H PN S
FNEH ) SEEGT B IR R B CHE A A, 25 Bn]
AT AR e I R AT

FRITE] . 4l 3 s, A L5 4% 830 cfu/25g I,
WA 4 h MERTGIdA HAS T ve B AT i (E2 1 1R 6
h J5 Ct{E& 3 ArAs G, &SGR I () s n,
Fr AWM, CEAWIE .

3 4

3.1 TR ARG I T AR R R ik
PRI B alith . %ow KE % e SHA, TR
YEH THE 5~7 d, 10 H2R S H BB Pk P
B UEAESR,  SEB AT TRy i A
HERE, R HE I T B AT A E A o-1,4-%
PREH B RIFD ompA JEF N H bR, 37X E PCR
W 753280 F T 5 22 AT A R R, (H R4t
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PRAE 50 & VAT B RE S MRS I & B, Biocontrol 24 =] A
Biotecon Diagnostics 2] [Fia7Hl & 744 100%i1
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Table 4 CV values for intra- and inter-assay groups

Ct1a 34 Ct14
AR IR B %CV
1 2 3 4 (SD)

il
10 37.20 3754 3741 3787 37.51(0.24) 0.64
10° 33.54 3326 3325 3379 33.46(0.22) 0.66
10* 31.38 3143 3174 3163 31.55(0.15) 0.48
10° 27.65 2732 27145  27.83 27.56(0.19) 0.69
28 19]
10 37.56 3791 3731 13725 37.51(0.26) 0.69
10° 33.34 3371 3384 3326 33.54(0.24) 0.72
10* 31.34 31.17 3160 .31.79 31.48(0.23) 0.73
10° 27.62 2729 2779 7 27.46 27.54(0.19) 0.69

x5 B LEATMATRESER
Table 5 Detection of C. muytjensii in artificially contaminated milk

formula for babies

L Ctfa
HH s
) ) R E N (cful25g)
B8] /h
830 83 8.3
4 - - -
6 36.3140.31  37.60#0.40  37.5440.33
12 23.7440.27 29.9640.29 31.2940.41
24 18.1840.35  25.0240.34  27.8340.32
0.32r
028
0.24
'E% 0.16
3E L 24h
3 012 18h
# 0.08F
12h
0.04 - o
0.00 F= 4h
0 04 1 1 1 1 1 1 1 1 1 1 1 1 [ﬁ'r‘iﬂjﬁﬁ
- 2 46 8101214 1618 2022 24 2628 3032 3436 38 40
1GER

[ 3 BTHI R ZIRFTERE PCR 4 1845 R
Fig.3 Results of real-time PCR ampilification of C. muytjensii
3.2 NSEILGIR b WS S B ASTT W vl B R AT B
PRI STz, ASTHRIEIH: cgeA FERIFPF 8L Hi%E
FEEREI NG, AL 7 SN PO6E B PCR ik, JEXT
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LTI RBE . Faoe i A E PR TR
PRI E IR RTE I, 2 eARmZs e ik 100%,
HHBEA WS R, K HFRAE 440 cfu/mL, [FR
ot R Ry, HAPA NS CV 0.48~0.69% 2 [A]
Wesh, THALEISZEGAE 0.69~0.73% A5l . B FTaEST
ISER e PCR Al v2im it N T AL FE ik
IOAFEIIGAE, FEMERSHE RN 6 h, FHELTERE
GB 4789.2-2010 A&l AT 75 25 /0 5 d, K45 T R-YTH
B RS IET FRIE],  H R ER R e .
33 ZRLPTR, AWML Ot E R PCR
REMEHA RN B, YUl RespthoR. REBMES.
PO RIS, B R T 3 v B VR AT B 5 G
KRRt TR T, AR RTS8
DVEF RS R T B
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