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ABSTRACT: Objective To develop a selective enrichment method for Shiga toxin-producing Escherichia coli
(STEC) based on acid treatment which can improve the detection rate of STEC strains in food samples. Methods
Twelve STEC strains with different serotypes and 13 potential competing species were selected to evaluate their
tolerance to different acid treatment conditions (pH=2.0, 2.5, 3.0). The growth of nutrition and freezing stressed
STEC strains were evaluated under acid treatment conditions. The effects of acid hydrolyzed casein, yeast extract and

sodium pyruvate on the growth promotion of stressed STEC strains were evaluated. After acid treatment, the formula
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of neutralization / growth promoting medium was optimized. The effects of acid treatment timing (before or after

enrichment) on the isolation of STEC strains were also compared. Finally, the established acid treatment selective

enrichment method was evaluated through artificially contaminated samples. Results A kinds of STEC selective

enrichment method was established in this study, which including procedures of acid treatment under room

temperature for 2 h, and the enrichment by using the neutralization/growth-promoting medium [tryptone soybean
broth (TSB)-1.5%Tris-0.1% sodium pyruvate]. Compared with the current GB 4789.36—2016 National standard for

food safety-Microbiological examination of food-Examination of Escherichia coli O157:H7/NM standard method,

this method could effectively reduce the interference of background miscellaneous bacteria and obtain higher STEC

separation efficiency. Conclusion The established STEC selective enrichment method based on acid treatment in

this study can improve the detection efficiency and accuracy of STEC strains.
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77 PR R R i R Ay i (Shiga  toxin-producing
Escherichia coli, STEC)&—2sEMsr=A: —Fpak—Fp Ll ik
BRE R KR A B RFR, A5 RAGOKAEIETS . itk
[ R AET R A MR IR f i A e 2, S bR
RS R STEC ERUNGEHEART 3 MRy &M E0R
HP Y, STEC f23% 0157, 026, 045, 0103, 0104, O111,
O121. 0145 % 400 ZFp I iERY, Hrf 0157:H7 Z30W )1 i
58 FLER AR DAY 5 & B IR R e i i T ) H ARk, i
O157 STEC {5 BIAr th T3 Bl P4 5 | A 5 TR L R 2
153 By ks ¥, LY R A 3k B STEC & 4 1Y
30%~60%°"%),

1R ACHE A M SE B SRR R R STEC BRI 5 4325, X
TR A SRR A R X R, BT
B WG E R AR MR R b e X IE 0157
STEC [WAR eI 7, EPR b o5 —F 3 k.
MARAE 0157 STEC Frdffaill 5k, 41 USDA MLG
5B. FDA/BAM Chapter 4A 1 ISO/TS 13136:2012 %, 14
e B B BT 75 3 v T S [ 2 R v B ) 3 R A B
B VAR St TR0, B, T STEC M
PRUS e iR AR . B SRR L ISR 2 2R,
ARl STEC Bk Xof 326 58 4 100 B 4 14 Wi 52 1 A R 4K
22 S0 JER B B VS el B 25 IR 4 STEC Bk
(LR o 20 SeiR UM O RGE STEC B Bk Y S2 B 43 B R
TR S AR P B R SR TR PR, A ™ B 1 T s IR
W, B4 STEC brEAG I Jr k2 £ 7 ™ IR Pk i .

R R KI5 54 R B KRR IR RS, ReE
TEAIK pH 454 F AR, EE2AE A% STEC H iy i i
P K #T B (enterohemorrhagic Escherichia coli, EHEC)#f
TR, BRALFIRT DL R AR S 2% il B, MO
H bR ks R U1 (BT 354X EHEC, R K

HAth STEC W5, FILABIF I & —EFLTRRALFHY) |
I & TARE] STEC WARAY SRR B ik, LI
e STEC BOK: H VERHE: .

1 #MRI5H%

1.1 EERFISHUFIEE

MIR254 1B R34 (H 4< SANYO 23 #]); LABGARD
YA W 46 (35 [E Nuaire A F)).

JiR 2 A 5 K S 3B (tryptone soy agar, TSA) | 8 H ik
K5 N7 5 55 3 (tryptone soybean broth, TSB) (35[F BD 72y
Al); KGR K57 1 (05557 55(3E [ Bio-Rad A F]);
mEC 3R ILEEN . AR E | KRR E A | BRI
RN (= 26 99%) () ZR FREL A DR AT BRZA H); Tris 4=
VIO (LEE>99%, JE[E Sigma-Aldrich 23 ).
1.2 I EE

STEC BARALHE I [ A0 1l B R 8 0 (s v 7
PRAE SRS 23 B bk, 23 12 Bk, 23 BI%F STEC Bikk L%
RUFN stx FEERIPATSEE RN, BARRHRIGEENE 1. TR
FRER AT E NGNS STEC /B bkItER L HA,
DI K STEC im G AT A AHC R, 3t 13 M8, HARME
B 2,
1.3 /5 &
1.3.1 STEC BRAL 3232 AR fthed hik

#4512 ¥k STEC Wbk & 13 B TH05, 2 5l4mh T
Bt TSB o, 36 *CRl k775, 2l STEC FRAITY 5
T BEAL 10° CFU/mL A1 10* CFU/mL (B 205
A 1 mol/L HCl ¥, ¥ TSB 4+ RITE 15 5 pH=2.0. 2.5.
3.0, HEETIRE, B9 9 mL, ¥ 1 mL HER A HINAZ
g T, IRAEEIRAE 4 h &M 1 h B mLIRAHR, ¥
& 9 mL TSB #3734, 36 °CHi3% 18~24 h. #k#fE GB
4789.28—2013( b & EFERME A Y ER T B
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Table 1 Information of the tested STEC strains

WSS /2 7R 1L i 2 stx i[RI Y
1 CICC21530 0157:H7 stx1+stx2
2 FC7819 026:H11 stx1
3 FC7821 045:H2 stxlc+stx2d
4 FC7823 0103:H18 stxlc
5 FC7825 O111:H8
6
7
8
9

stxla
FC7829 O121:H19
FC7827 0O145:H12
FC7811 O113:H4
FC7787 0139:H1
10 FC7777 Ol16:H15
11 FC7785 O118:H12
12 FC7789 0128:H2

stx2a
stxla
stxla+stx2d
stx2e
stx2d
stx2b
stx2f

#®2 JESTEC REEHIER
Information of the tested non-STEC strains
LRy S
# P A Enterobacter kobei
WAk b 75 FC T Serratia liquefaciens
i I K JE L Hafnia alvei
JEE FCEE AR T Morganella morganii
ZERASFEFFH Proteus Hauser
@ AR FF I Proteus vulgaris
31 [CHBEBR T Citrobacter freundii
i AP BEAT I Citrobacter braakii
P A Enterobacter aerogenes
A 74 A #F & Enterobacter cloacae
i & 5 B AT Klebsiella pneumoniae
[ 5 52 %' 15 14 Cronobactersakazakii
A HAE AT Proteus mirabilis

Table 2
b=

O 0 N N N AW N =

—_ = = =
W N = O

1.3.2 AhiadkA STEC B 4ked 8L b 3

FE IR IB(TSB R A5 IR 5 EIRAE 45 d) R R
18 (A PRER K TR -20 °CHRALFE 7 dIRFSHY 12 Bk STEC
AR B B SRS FRRRR 107 CFU/ML B, 2
M8 131, KA M T pH=2.0 Y TSB 533, RS
JAEWRE 2 he B mLIRAWEEHEZE 9 mL TSB #5373t
W, 36 °CHEF% 18~24 h J5 HIr HoAgid 1k
133 EMEHEE GRS XikiR

W CICC21530 (0157) . FC7819 (026)F1 FC7821 (045)
It 3 Bk STEC Btk M 8 M W st T LM GE 2, P55 1-8),
WFFEHE AR S5 3 TR 5 2 FIOR [ Ak 2 =06 STEC BRIRE 43 25
FORMIEM . 45801 mL R REEFR T S TR AR, 55 il
RAER, BB 1%, 10° 71 10* CFU/ML /KF-. H
10°CFU Y STEC W, 4351 S HmiR G .

(DR RTERALIE: %5 1 mL FIRIB S HERIER ZE 9 mL

pH=2.0 ) TSB, =43 2 h J7, H#E 90 mL TSB 3%
3k, 36 °CH;FE 18 h G, SRAA KW #E/ KR % B (s 57
I

QWHEIEMAM: ¥ | mL BEHBEME
90 mL TSB 3353, 36 °CHEF% 18 h i, WEH 1 mL 34 1%
2 9 mL pH=2.0 fi§ TSB £57:3%, =W 2 h 5, KA
KGR R 575 T B s R S e T4
1.3.4 STEC HARERA 3G F Ao/48 A K32 F 69 ik

3 FPEATIE SN STEC FRifEfSin Jy vk i i SRl TR 15
FRIEBCTT LB AT R (R 3), AR ZE R 2T
FR/K RIS AR L T EEERIRY) . N ERR NS IR IN Aoy o ANBHFSR
LI TSB MEhib R FR%E, DL Tris AEMIBRATE N pH 35 FI, 2351
T T RR/K RIS EE 11 . RS EUY R A R 4 4] R A P f
STEC A: K520 . AT 2 52 i AR A K B R LB o
A (1)TSB-1.5% Tris-1%82 7K ff B 2 11 (TSB-BE & 1)
(2)TSB-1.5% Tris-0.6% ¥ 1 $: B ) (TSB- i £ 2 B H)
(3)TSB-1.5% Tris-0.1% PN i iR 4 (TSB- 14 i iR #4) . (4)TSB
-1.5% Tris-1%R 7K fifk % 25 11-0.6% I B 42 BU1-0.1% 4 B R
F(TSB-524) 0 et 1.5%MY Tris A Y6 AT {5 i Ak JiR % 55 3k
Erp R A KRG RIS LR A S, pH R 2= b

il FHRR AL BRRE IR 5, F4 8 SR an AR VR R 6
KRt Fet: STEC HRRFFAL 1~10 CFU/100 uL, JAZF] 96
L, ZRAE 2 h )5, 25000A 100 uL iR 4 FOR[E
BeJs AR A KRR 2L, 36 °CHEFRE 18~24 h, i HIffHR
{GELE W STEC HARE YA KAB L .
135 AL F§FR4EHST STEC #4940

(Dl N TI5Yept b

WL A AR S, R USDA MLG 5B.05 J5i%
AT STEC AN, 255 B RFEN STEC BIE, ART5 4t
YIBE 4.2x10° CFU/g; 45 TSB 15 3R 5 i b i . R i
B/ K W 5 T B (0 B 2 ST B, IR SERE S rh R R 45 IR
BN, BUBr 3R STEC Hikk CICC21530 (0157).
FC7819 (026)F1 FC7821 (O45)I AR, 43l 4 B ARG
SYLEAN | CFU/g I T I5 kS o

()RR A B T 5 A

(@M 25 ¢ N TI5 4k, IMA 125 mL pH=2.0 [ TSB
R Ab MRS SR AL, IRSR B IRACE 2 h; (b)A 125 mL HAl/
A K5 TSB-1.5% Tris-0.1% N BER &4, 36 °CH53%
18~24 h; (c)7BME F KW TR RE R W 3 45 TR S (0 B R Sl
17 BARE STEC B35,

(3)GB 4789.36—2016 { b FEERE ok
YIFRE KIpIEA RHE O157:H7/NM K38 ) J5 Bab i

(a)BL 25 ¢ N TI5 4R, A 225 mL mEC+n N7,
IR2)JE 36 °CHi3% 18~24 h; (b)BUE 5 Y mEC+n N7, 4
SR K B R R 35 W B B B R 55 T H AR STEC
B4
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2.1 STEC g R+ E M i M 71N

0 T X AS [ R Ak PR
REFRFE(pH=2.0. 2.5, 3.0/t Z M4 R, Wk 4 iR,
LB, I STEC i IR W HRAE pH=2.0 JE IR I R 4k

12 #k STEC & 13 #7355

P4 h S HREAENE, 013 BRE S TR D, WISRELL T
T B 2 5 . HHh Morganella morganii. Proteus
vulgaris. Proteus mirabilis /L& H H A7y 50 HoA 58
P ER M, (H pH=2.0 4bH 2 h J5 ik T AN RE J1 . &5
., pH=2.0 E iR AL B 2 h, ATYESH STEC &bk RRAL 3L A

R 25 AT
F3 3 MEMBERARSASILER

Table 3 Comparison of components of 3 kinds of basic medium formulations

2 KB R K E A % mTSB
(ISO/TS 13136:2012)

2 KA AR K E A % mTSB
(USDA MLG 5B.05)

RS MK B SR 2 mBPWp
(FDA/BAM Chapter 4A)

B IE 17.0 g
RS HHHEY) 3.0 g
35HE15g
I 2.5 ¢
/

/

/
NaCl5.0 g
K,HPO,-7H,04.0 g
/

B 17.0 g
RS HHHY) 3.0 g
35HE15g
I 2.5 ¢
FRK ff R 2R 1 10.0 g
/

/

NaCl5.0 g
K,HPO,-7H,04.0 g
/

FEHM 100 g

/

AR 100 g
FRIK RS AR 5.0 g
TR 6.0 g
RN 1.0 g
NaCl5.0 g
Na,HPO, 3.6 g
KH,PO4 1.5 ¢

T« FoR eI,

®4 STEC RERTMEREFRRLEFHTHEKERL

Table 4 Growth of STEC and background interfering strains under different acid treatment conditions

LS

pH=3.0

pH=2.5

pH=2.0

—_
=

2h 3h

~
=
—_
=

2h

3h

~
=
—
=

2h 3h

~
=

CICC 21530 (0157)
FC7819 (026)
FC7821 (045)
FC7823 (0103)
FC7825 (O111)
FC7829 (0121)
FC7827 (0145)
FC7811 (0113)
FC7787 (0139)
FC7777 (016)
FC7785 (0O118)
FC7789 (0128)

Enterobacter kobei

Serratia liquefaciens

Hafnia alvei

Morganella morganii
Proteus hauser
Proteus vulgaris

Citrobacter freundii

Citrobacter braakii

Enterobacter aerogenes
Enterobacter cloacae
Klebsiella pneumoniae
Cronobactersakazakii

Proteus mirabilis

IE AR
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+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
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2.2 BMBIRES STEC EHRHITHER 45 R

B IR A A R B IR AS 19 12 #% STEC, FERRALPIES
FRIE(pH=2.0)F IALFE 2 h )5, ¥ E R T E U A KR
(8 1), BFFEEE R EoR, % pH AP 2 55 00 ok 25
STEC IEFEM A .

2.3 HEEAIAERERLES R STEC 7EHR
pAL)

W AT )G 2 FORRIM R R, HARE
STEC MR AL R 5): X ARRER
BT S, R AT TIRACH, @R IRIE ORAG A
S, 1M 3 Ak STEC WS AR 87 10°~10° CFU/mL Z [fl;
W S AT RR AL B, 3 Bk STEC WY kit 7E 10°~
107 CFU/mL Z[Al, 495 SRR N 10° CFU R, 55
K B S T STEC Wbk, /& Tt STEC Miku i .
H L, eI A T5 Yo b AR, B B AT T T R A B B
% ¥ A A BRI BT X STEC Al iy 4 .

24 HRABEKEFEPATEIRMA DX STEC &
KR HIF2 M

B 2 R T RRK ARG R 1 . TR RS E A R A 5

RFTIESY, W EFRMAIRA STEC Rk KBS, 25

BRIURFER IR T STEC iR B Hikk, HARFI I
225 B3 B TRER IS A5 dR i RS STEC Hitk
A RZ ), 2 SR B Y I R A H T A R B — 2
PR KA, FRALEX T IERS 0111, O145 % STEC I
Fho R, ABFFEESE TSB-1.5% Tris-0.1%M EHEREN(TSB-
NERRREN)E A STEC BRACFES By AR A AR K 3R

1.8 r o EFEE » BEA
4l i . 3 :
S AR RBEERER R
NY AN NN NE N N AR R
\§¥§§§§\§§ N
a 'R ‘B R ERRR
N N N N N
oa il (0 N8 8N W R R
N N N N N ¥ N N N
§§§§§§§§§§§§
D D S DD D B DO LD D
RRCY @bb o\@o\\ > o\b“’o\\°> 0\@@ Y
6“9\'\‘*’\0’ &P k%'f’koo"?k"é{'\ k‘b\\\'\‘g\k’\’\(\’\ '\°°‘>k «‘*9&
oof»\ Y cZ\QCS\ é\gcﬁ\Qé\ Qci\ P <¢CS\ <¢ci\
RS
© STECH bk

1 BREIRES STEC TEMRBR A TS /Y4 K1 Bl (n=3)
Fig.l Growth of STEC strains under stress state after
acid treatment (n=3)

x5 HEERTFIEEGRLE STEC MEREEEITHER

Table 5 Counting results of STEC and background bacteria colony under acid treatment before or after enrichment

%k B /(CFU/mL)
Jig i B B SN H/CFU —
CICC21530 (0157) H A FC7819 (026) o FC7821 (045) H R
10? 8.3x10° <10 1.0x10° <10 9.5x10® <10
HTRHT 10° 7.6x10° <10 1.1x10° <10 1.1x10° <10
10* 9.2x10" <10 1.2x10° <10 1.3x10° <10
10? 1.8x10° <10 1.0x107 <10 1.2x107 <10
W R 10° 1.0x10° 5.0x10° 3.2x10° 6.0x10° 2.4x10° 8.0x10°
10* 3.0x10° 8.0x10° 6.1x10° 5.3x10° 5.4x10° 1.9x107
1.8 . 18
1.6 FCT819 (026) 16 FC7821 (045)
14 | 14
12 b 1.2
€10+ g1
a g 1.0
O 08} 0.8
0.6 | 0.6
04 f 0.4
02 f 0.2
0 ] ] ] ] 1 ] ] 0 } ;} ; h ] ; -t | | I 1 | | |
0 2 4 6 8 10 12 14 16 18 20 22 0202 4 678 10 12 14 16 20 18 22
BRI/ BEFE ] /h

B2 AR A B SR I T AN TR S B 23%) E SR B R A STEC AR 1K 520 (n=3)

Fig.2 Effects of different additives in the neutralization/growth promotion medium on the growth of nutrition stressed STEC strains (n=3)
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18 18 ¢
» FC7823 (0103) 16 + FC7825 (O111) e
14 14}
1.2 12 r
§ 1.0 Q§ 1.0
8 o8 o 08+
0.6 0.6 +
0.4 04 +
02 02+
0 A 5. 8 8. 3 1 | | | L | 1 1 0 | | | | I | | |
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Kigrita)/h REgRAtE]/h
1.8 1.8
16 FC7827 (0145) 1.6 FC7829 (0121)
14 14
12 12
8
3 1.0 g 1.0
8 0.8 a 08
0.6 © 06
0.4 0.4
0.2 0.2
0! 3 | | | | | | | 0 1 L | L |
0 2 4 6 8 10 12 14 16 18 20 22 —02% 2 4 6 8 10 12 14 16 18 20 22
HEFRIN ] /b B2t A/h
e TSB w4000 TSB+REHERYS === TSB+EAEHERMR - == TSB+EBEEHERY) w— « TSB+EE

Bl 2() PR A KBS SR IE AN [ BB 23 %) B SR EDR A STEC A= K B30 (n=3)

Fig.2 Effects of different additives in the neutralization/growth promotion medium on the growth of nutrition stressed STEC strains (n=3)
1.8 ¢ 2.0 -
1.6 F FC7819 (026) . FC7821 (045)
14
L 1.5
s 1.2
N 1.0 ¢ s
o 08 o 1.0
0.6 | ©)
04 |
02 L 0.5
0 0
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
FEFRIEl/h EFRE /M
1.8 ~
1.8 FC7823 (0103) 1.6 FC7825 (0111)
1.6 14
1.4
s 12
~° 10
o 08
0.6
0.4
83 : L1 | »
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
SR TE)/M FEFREFTR/b
18 18 ¢ FC7829 (0121)
16 k- FC7827 (0145) 16 F
14 + 14 ¢
12 1.2
€1.0 8
Qo | g 1.0
oY o 08
0.6 0.6
04 ’
04 F
0.2
0'0 ) 0.2 - | |
0 2 4 6 8 10 12 14 16 18 20 22 0.0
e 0 2 4 6 8 10 12 14 16 18 20 22
K3kt E/M e

———TSB +:sess TSB+REAMEY] === TSBHEEMEEMR = — TSB+HEERHERY — « TSB+E&
B3 R AR A A 8 5 e AN RIS IR0 X v R BRIk S STEC AR 2E K 5 R (n=3)

Fig.3 Effects of different additives in neutralization/growth-promoting medium on the growth of freezing stressed STEC strains (n=3)
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2.5 STEC &M 75 AR EEBITEN

F AW STEC FR Ak BRI B 7 B2 A1 GB
4789.36—2016 7754 BI%F 4 PITA R SO AE B N TI5 2
STEC BERRIEATIGEI, &59LUnIE 4 FioR . Kigs L0, 1
FE A A TS Y it 4.2x10° CFU/g I, SR STEC MR AL F1
Bk, X CICC21530 (0157). FC7819 (026)F1 FC7821
(045) 3 ¥k, ¥WHERTS 10° CFU/ML L itk K&, R
GB 4789.36—2016 7, X F CICC21530 (O157)Fl
FC7821 (045){Y g 345 10° CFU/mL A4 K+, 1M
FC7819 (O26)MJCI%A 350k H o @ & 122 4 Hr e B STEC
fig Ak HLHE B O W B AT GB 4789.36—2016 ik
(P<0.05).

! . = MALEII o GB 4789.36-2016

| |

CICC21530 (0157) FC7819 (026) FC7821 (045)

T LoglE
SO =N W AU WOO

TE: *P<0.05 FR MR 7 ik HAT R #5125 5%
Kl 4 STEC BRAFIEE k5 GB 4789.36—2016 Xf A T.i5 et
i E RN 45 2 (n=3)
Fig.4 Quantitative detection results of STEC in artificially

contaminated samples by acid treatment enrichment method and GB
4789.36—2016 method (n=3)

3 Hit5iTie

£ T SO ARSI A S Bk O i S 2oL 4 o B A T Y
Hom s BEARTT 5t TR p0t, R SEBx B AR B A 25053
B WAMES STEC Wik FE Wi, FEEER
I—E W BE AR RR Y . BB R . MR I
TEPEPEI T B3 K FEAR T S 2 B 1 T8, SR T AN [) i 355 784
[ STEC BRI ER 23 AT Z VA7 AR 22 20 ke
FEVE D TR A3 150 FH AT RE 2 S S0 BA M R 25 5. Rk,
A5 F KA 35 A B R SR R A R, 7 ST el T Ak 3
KR S0 ST H i 2 0s, M A3 BFRE STEC Wih ik
PR, AL R AR KRR SR XS STEC T3 S5,
FEAS i P PP B R0 A 15 50 SEBEXT STEC A 3E 1k 1
. 5 LAMPARTER %V ST (9415t EHEC B A HE,
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