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Identification of a strain of Enterobacter sakazakii from milk powder and
analysis of its volatile compounds
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ABSTRACT: Objective To identify an isolated strain of Enterobacter sakazakii F2-1 in milk powder, and analyze the
volatile metabolites produced by isolate F2-1 in liquid culture by headspace gas chromatography-mass spectrometry
(HS-GC-MS). Methods The physiological and biochemical characteristics were elucidated by using VITEK 2 compact
automated microbiology system. The 16S rDNA of isolated strains was amplified by loop-mediated isothermal
amplification (LAMP). The volatile compounds (VCs) from F2-1 cultured with liquid-state nutrient broth were analyzed by
headspace gas chromatography-mass spectrometry (HS-GC-MS). Results The isolated strain F2-1 was a Gram-negative
bacterium, and its physiological and biochemical characteristics were 99% similar to Enterobacter sakazakii (ES). It was
confirmed as Enterobacter sakazakii by LAMP test. The volatile products metabolized by strain F2-1 in nutrient broth were

isovaleraldehyde, ethanol, isoamyl alcohol, 3-hydroxy-2-butanone, acetic acid, n-pentane, n-cetane, n-heptadecane,
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1-decanol. Conclusion Bacterial strain F2-1 isolated from the milk power Is identified as Enterobacter sakazakii. The

VCs produced by F2-1 will provide basis for the rapid identification of Enterobacter sakazakii.

KEY WORDS: Enterobacter sakazakii; identification; volatile compounds; headspace gas chromatography-mass

spectrometry
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MEEsI ML REFHAE, EREILMIET R EE
80%) . B URT i FF BT — 1R 790 o 4 24 BV T S0 ) 1 U
HORTY, B L AR S e, fEBRYLE . A
Je | AR FHZIORINER 3245 Z2 Rl i o 25 A6 1 3o OB i A A
e I e J 0 1) i R R R DR R T A A AL
IERE, ZHBAFERE B, Bt . X 25 A
BRI 2 S G BURI A
ST A TR R W s R R R, iR T RS
D5 PAFAE B TR, Sy st e 0 5 iy B #F A B4t T DG Sk
HHEARTFEL

A A L T R 0 2R FRAC T e R v e 7 A B S R R PR AL
& ¥i(volatile compounds, VCs), A E#E &A™ W& 40
T A A 1 — A0, ke AR 2
R Relieiess . B2, JFELEY . SAMEYES
HULEHU 2, LT, 46K 2RO I & A A
B R AL A S B R E 5 Pk, O IR E 7]
DA AR S5 e A SR e 200 A7 442 M AR P g 0 R 8 331
B A bR AR BB R R R A AR R
S A R Y R, (B2 H R R R S R Y
X HAA TSR B . BRI TR, Rl
JEPOkE R PCR AT PCR HiAR, Joit RAUGRIA A5,
AT AR &, X Se iR RIS W e LA R 1) S [
Z— . A REIEY 8 B KR (loop-mediated isothermal
amplification, LAMP)£t X351 | 6 751 DNA JF41 X
a1, R R REEIRIIGEN DNA REm/ER
T, R ERAAE T BVRT 58 AR A A4 1S . LAMP R
HA Y5 PCR HiARFSFEZ MRS, FR s, if
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GR F2-1 5385 B AE S

[ U5 i FF B B UE BE ATCC29544 . 77 S A @
(Enterobacter aerogenes)bp K ATCC13048 . K7 T &
(Escherichia colibRERR ATCC25922(35 [ ML 155 37 M {36
HFl)e

Y TR 4 B B R B 97 B B 97 AV (nutrient broth,
NB). 2% 2 [ %K (buffer peptone water, BPW), i K H #:
FEB R R VB 11 R RV - 7 7 % % (modified lauryl sulfate
tryptose broth-vanco mycin medium, mLST-Vm). [Ri&HzFT
T 3% 97 R R AR 1 R K T2 301 (trypticase soy  agar,
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B A TR TR A RS |, SRR Hrat, 36
Sigma 23 #l); ANTPs(_E A= T AW T ALY PR FD); 51
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TCHARMEBU AL 100 g, B T4 900 mL K
BPW R B 4T i, 36 °CIEIRKESE 20 h, FHL 1 mL,
BT 10 mL ST-Vm 7, 44 °CIEIRIEFE 24 h, QIL4EMT
B i B FF 8 E 5 R0 I, 36 °CH5 3R 24 h, MR HTETEA,
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GCTCCACCATCACTTCGGAGTGTTCAGCTTGTTCCGG

ATTGT; F3: TCCGCAGGAGTTGAAGAGG;  B3:
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60 min, 80 °C 5 min 45 % W o 2R FH B Ui g A 8 B o AR A% R
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Table 1 Biochemical characteristics of isolated strain F2-1
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) 4 AL D-¥EHE M
i s A B0 e il D-15 ek +
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ARAY AT L SR S50 ¥ 6 20 PGS AR W s AE fe, J
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Electrophoresisresults of LAMP amplification products of
Enterobacter sakazakii

Fig.1
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Table 2 Volatile compounds produced by various bacterial strains after 24 h incubation

ER W P ARRT B /%
et TR WU B oY PR KM CAS %%
(Enterobactersakazakii) [EL7 S (Enterobacteraerogenes) (Escherichia coli)
ATCC29544 F2-1 ATCC13048 ATCC25922

eI CsH;00 1.74 5.0 — — 000590-86-3
Z. 1% C,HO 58.01 33.58 60.78 71.67 000064-17-5
1E DY C;Hz0 — — — 0.6 000071-23-8
g CsH,0 18.54 32.74 9.03 0.5 000123-51-3
3-FHE-2-THl  CH;0, 0.5 1.0 1.72 — 000513-86-0
ZR C,H,0, 16.13 18.97 8.25 2.39 000064-19-7
% C;HsO — — 0.9 0.5 000100-52-7
IE Tk CisHs, 0.8 1.67 1.71 — 000629-62-9
N5 A 5 CiHzy 1 2.85 2.24 0.5 000544-76-3
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Hk2
R PR 1 %
[laety ¥ . » . CAS %i s
8 B A 74 oy TR 72 KIGFFTH
(Enterobactersakazakir) [EL7S (Enterobacteraerogenes) (Escherichia coli)
ATCC29544 F2-1 ATCC13048 ATCC25922
5-HI3E-2- Cull 1 056851-34-4
+4‘% 121124
E+kE C7H3¢ 0.7 1.87 1 — 000629-78-7
izt —M  CLHu0, — — 1.9 0.6 1000368-25-0
-5 C1oH,,0 1.03 2.26 — — 000112-30-1
R TR CaoHaO, — — 3.15 0.7 000111-06-8
A=A CisH20 8.35 0.7 1000356-95-4
j‘?‘TEE‘ 1611224 . .
LS CgH/N — — — 9.88 000120-72-9
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Fig.2 Gas chromatography spectrum of isolated strain F2-1
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