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Development of selective co-enrichment medium for Salmonella, Staphylococcus aureus and
Vibrio parahaemolyticus
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Abstract: Objective A co-enrichment medium SSV which can simultaneously enrich Salmonella, Staphylococcus
aureus and Vibrio parahaemolyticus was developed for the simultaneous detection of the above three foodborne pathogens in
foods. Methods According to the nutritional needs of the three strains, the medium components were selected by single
factor experiments, and the formula of selective co-enrichment medium was developed. The SSV medium was verified
through bacterial number change, injured bacteria recovery, multiple polymerase chain reaction (PCR) and medium
selectivity. Results The components of enrichment medium were determined as followed : Peptone 10. 0 g, KH,PO, 1.5 g,
NaCl 15.0 g, LiCl 1.0 g, Na,S,0, 5.0 g, sodium deoxycholate 0. 05 g, mannitol 1.0 g, sodium pyruvate 5.0 g and
distilled water 1 000 mL. The above three strains could be enriched in SSV medium at the same time. After cultured at 37 °C
for 16 h, the cell concentrations of the three strains reached 10" CFU/mL at least. SSV medium had a good resuscitation
effect on the damaged target bacteria, and the ODy,  tripled after resuscitatio. At the same time, the function was well
verified by multiplex PCR and medium selectivity. Conclusion The co-enrichment medium SSV can be used to
simultaneously culture Salmonella, Staphylococcus aureus and Vibrio parahaemolyticus. The preparation of the medium is
simple and cost-effective. It can be combined with multiplex PCR to improve the detection rate and accuracy.
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Table 1  Components and contents of additions
L% R/ (g/L) T/ (g/L) FIE/(g/L)
NaCl 25 5.0 10.0
LiCl 0.5 1.0 1.5
Na,$,0, 25 5.0 10.0
LA R FR 5 0.05 0.1 0.15
T R 4 0.000 5 0.001 0.002
2 W T 72 0.005 0.01 0.015
5 1 2 3
5 1 T 4 5 10 15

P A5 o B AR R 46

12,4 H bs B 1E 3 B 8T SR 2 R A 1Y AOR 1Y
W5

LA 10° CFU/mL h 9] i 42 F i S, enteritidis
15611, 8. aureus 41002 K% V. parahaemolyticus 13847
PL1:2: 1(V/ V)R T 200 mL 88 B 55 2 56790 ,37 °C
170 v/min 55 3% 24 h, #% 1. 2.3 LT FARE R T
B, K TSB Syl G A W B TR R, AN B
PR, Br DI R o IR R AR IR A
AT 3 MR R A KL
1.2.5 ZiwE 5

3SHHEMEER InL TEEHB L& |,
8 000 r/min( B L>2E42HK 10 cm) , B0 3 min, 57 b
TH WG T T AR BRER K vk 3 WK, 43 4 AR PR B
55 (pH 3.0) . " P B 5% (pH 7.0) | B M 35 5% (pH
12.0) 8RN 4 CHi SR, B FR 24 h AR EAT
B TR e < 4 G A A B O O WA - - 32 o N
W ZE 5T B ODgg - I FF I B B9 B i £ HL 200 pL
FE N SSV RSB B IR AL K 4% A By B AR B TR Ry R
1.2.6 Z & PCRELK

3Rk HARE IR A A 2] SSV B 53 TTB.7. 5%
AACTI A 3% BRI ROK BB 5R 24 h R
DNA 42 BOKL F & % F ik 4 FhEE 32 5657 9 E 4T DNA
2., 2 PCR 5I¥FHUNT : S. enteritidis 15611
(480 bp) :invA-F:5'-GGGTCAAGGCTGAGGAAG-3',
invA-R: 5'-GGTAACGCATGAAGAGGG-3'; S. aureus
41002( 132 bp) : nue-F : 5’-GGCAATACGCAAAGAGGTT-
3", nuc-R: 5'-GCACTTGCTTCAGGACCAT-3'; V. para-
haemolyticus 13847(271 bp) : collagenase-F : 5'-GAAAG
TTGAACATCATCAGCACGA-3, collagenase-R : 5'-GGT
CAGAATCAAACGCCG-3', ZH PCR JZ W A & : 2%
Taq PCR Premix 12.5 pL, A& DNA £tk 2 uL, Ik
T 45 0.5 wL, i ZK#h & & 25 pl. PCR L
%1 :94 °C 5 min, 94 °C 30 s,55.6 ‘C 30 5,72 °C
1 min, #4735 MEH , x5 72 °C 10 min,

1.2.7 BB IR 5L 00 % B M 50

[F#£ LA 10° CFU/mL ¥ th 4 Fp it 6 3 Bk H
PRIE AL 6 BRAE H bR LR T SSV BE 3R 85 5%,
SIHL 8,16 h M5 IR 2 0Dy, LI EE 3 1K,
B 2 WOPAT L5 .
1.2.8 AN TALHLG Ykt i

W T AR (L R L R T BN
X PR ) B 25 ¢ S4BT, K W0 4h W BE A 4 10 CFU/mL
9 3 ¥k HAR B IR G5 B0 1 mL hn A B 2 5 & 19 R 5
W4 CCHCE 24 h JE KRR SIS 225 mL KB SSV
BRI 37 CHEIKEE 3R 24 h T B VR EL.
1.2.9 SGilahr

FIFH SPSS 23. 0 B fF 47 B Ge it , xF 8 Fh iR
JNF 25 KSE A & Ry 3R 3 R bR B AR B
HEAT B R Sk 25 A b, X R R SR AR 3 bk
H s B 0 A A O 7 BE X T A 55 FN 22 S A o
P<0.05 N 27 A it Lo

2 &
201 IR R R RO POk B O

3 bk B bR B TS WS 095G R 5 b i R
24 h, 0Dy, Z5 R W 2. 24 NaCl ¥ A 10 ¢/L
BF, X V0 TR A A KA — s AR HEVE T, Stk B T /Y
i 0 ) 2 K TR R I ot M IR 1 A K R RE 32 3 1]
AR UEVEFH (P<0.05) . B TFREIE R T ER
fn5 ¢/L ) NaCl, i 28 i NaCl T fin#e 2k 15 /Lo
LiCLAS I Ry 1.0 g/ L B, 4 B €607 45 3K 1 1 A K
-9 17 X e U R 1K 7 s S = SRR R D
2 M (P<0.05), L LiCl B~ 1.0 ¢/L.
HS 48 B 20 H . 5. 0 g/L Na,S,0, X 70 1] B Fl 4 35 (1
A4 3K Y A KA HE R T (P<0.05) 275 UK,
Na,S,0, FiE H#MiE RN 5.0 ¢/L. HE2ATUAE
H 2 SR R e R R L 3 R R R I A KA A2 #)
— R B0 L P e AR 0. 05 ¢/L 1
AR B G T G SR B N AT . 1.0 /L 1Y H R B
XT3 bk B Y A R B 42 VR T (P<0. 05) , 9T LA 5 B
1.0 g/L (9 H &8 A Ry 35 Fe FE 4l 4y o P TR 4k ) 32
P A IR ROR R — Rk 5.0 /L 1Y
VY i 12 A XF 3 AR TR AR KA W AR AR (P<
0.05),3 ¥ B A= K B — k0, DA I 79 ) 1 M o TR
Jnit SRy 5 g/ Lo MVl 2 S0 RN 2% 0 B R 04 VS X 3 Bk
H b B A AR K i 4E R 2% R 1 o 35 7
A

2 F R, RO T R IR Ry M R E
. % H 10.0 g KH,PO, 1.5 g NaCl 15.0 g.LiCl
1.0 g.Na,S,0, 5.0 g. Z AR 4 0.05 ¢, H 5 BE
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Table2 Effect of various additives on the growth of three target bacteria

W W/ (g/1) MR 0Dt
S.enteritidis 15611 S.aureus 41002 V.parahaemolyticus 13847
popiickii — 0.608+0.027 0.550+0.006 0.547+0.013
2.5 0.557+0.022"" 0.643+0.021* 0.658+0.012""
NaCl 5.0 0.436+0.009"" 0.741 0+0.047" 0.554+0.027""
10.0 0.694+0.013"" 0.933+0.038"" 0.861+0.043"
0.5 0.468+0.020 0.449+0.038" 0.441+0.046""
LiCl 1.0 0.685+0.006°" 0.620+0.019°" 0.628+0.013""
1.5 0.573+0.013"" 0.536+0.040"" 0.551+0.024""
2.5 0.546+0.012"" 0.545+0.042" 0.372+0.001*"
Na,8,0, 5.0 0.700+0.010°" 0.667+0.023°" 0.552+0.043"
10.0 0.467+0.026" 0.475+0.019"" 0.481+0.013"
0.05 0.578+0.015"" 0.642+0.028"" 0.5940.016°"
AR 0.01 0.449+0.023"" 0.432+0.019" 0.522+0.044""
0.15 0.358+0.013* 0.384+0.003" 0.451+0.025"
0.000 5 0.067+0.017"" 0.068+0.025" 0.007+0.032""
RIRGAE 0.001 0.080+0.023"" 0.092+0.017" 0.085+0.038"
0.002 0.130+0.017°" 0.126+0.019°" 0.119+0.014°"
0.005 0.053+0.009"" 0.067+0.006" 0.061+0.029*"
25 WE T i 0.01 0.097+0.021"" 0.095+0.031"" 0.087+0.016"
0.015 0.144+0.017°" 0.121+0.028 0.111+0.031¢"
1.0 0.729+0.005°" 0.699+0.045" 0.641+0.017°"
R 2.0 0.689+0.006"" 0.587+0.017° 0.572+0.013"
3.0 0.591+0.011*" 0.582+0.014" 0.503+0.008""
5.0 0.744+0.040°" 0.743+0.035°" 0.657+0.014°"
9 T TR M 10.0 0.676+0.008" 0.648+0.030"" 0.568+0.007"
15.0 0.543+0.022"" 0.457+0.010" 0.518+0.010""

T ARG AR A — 40 A — 3 n o] b A K2 e B e 2, P < 0,055 AR Al — 41 b X A A KRS A et L, P < 0.05

1.0 g NEIER 4N 5.0 g,1 000 mL ZE48 /K . e il )= 76
SYIRAT AT pH R 7.2~ 7.4,121 CKE . $i%5s
FRILAT N SSV Ki g4k .
2.2 SSV i IR HIE R 5Y

¥ S. enteritidis 15611, S. aureus 41002 J V.
parahaemolyticus 13847 43 5| 5 Fl 2= SSV 15 % 2}
Xof o7 ] o 1 R L L A5 A K 2R DL 1

10
8 L
a
E
26
g
= N
24 -u- SSVIE 77 55(Se)
& -o-TTB
" -a-SSVE; 7 4(Sa)
2 o= 7.5% WAL N A )
-e- SSVH; 7755 (Vp)
-o- 3% E AN M AR TR K

(=]

4 8 12 16 20 24 28
A [A)/h

¥ :Se %78 S. enteritidis ; Sa e 78 S. aureus; Vp EHRV. parahaemolyticus
BT 3Bk B AR B 3 R BOR 5

Figure 1  Effect of 3 target strains of mono proliferative bacteria

1 AWIEHERE N 10 CFU/mL B 3 ¥k H AR &
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B KH R TG 2 T E AR W, 1597 % 16 h

BF P 2 5 7% e TR W R B 38 B 10° CFU/mL, 7T I
SSV K 75 Bk 8 T 5 [ bR G 1A WA ) Y 1 AR .
KLU, SSV 34 T 35 5 BE ATl /2 S, enteritidis 15611,
S. aureus 41002 % V. parahaemolyticus 13847 1) Hi
BT,
2.3 HIRREIRA S WRBUR A5

Bt S. enteritidis 15611, S. aureus 41002 ;. V.
parahaemolyticus 13847 L 1:2: 1(V/V) #Fp & SSV
BRI MR E ARG R G R R R WA 2,

10

¥ Log/(CFU/mL)

~<-SSV (Vp)
+ TSB (Vp)
4 8 12 16 20 24 28
B [ /h

T :Se F R S. enteritidis ; Sa F 7R S. aureus; Vp /R V. parahaemolyticus
B2 3%k H AR E IR A8 W BCR BT
Figure 2 Effect of 3 strains of target bacteria on augmentation
S. enteritidis 15611, S. 41002 K&
V. parahaemolyticus 13847 7£ Wi 21 15 77 3 L 45 9%, 24
BRI (A] 22 4 h 5, SSV Ky FR SR 4 4 h (438 T

aureus
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TRF R, HL3E i EHE A B A 2 R S s S
(P<0.05). %% 16 h J5,SSV £ 53 B 3 #k H bR i
) T TRV B 55 3 107 CFU/mL M L B (&l 2) , T %)
Mgl HAEAE] 10° CFU/mL. Ui SSV K5 3% 3L X} F

3 Bk H AR B 0038 B ACR O T X A nT TS ZE A
I BRAIF 5T

2.4 ZIWEEIN

N TAF Sl 3 Bk B AR il 2 8L A, 114 A
SSV K 37 B& F1GE N ) [ bR B8 0 B 5% 24 h AT E
TSR ILE 3 E 4 S,

0.8 L
Il TTB
Il SSV

FRPEARIR
3 S.enteritidis 15611 &2 75 1&

Figure 3 Resuscitation of S.enteritidis 15611

PYEGE  BREIGE

0.6

C I XTHR
W 7.5% LN
WSSV FR 3

0D6(](] nm

FRIEMCIR AR IR TR PEAG IR
&4 S.aureus 41002 & 751 I

Figure 4 Resuscitation of S.aureus 41002

0471 Empt
. 30 UL 2 1 K
W SSVE A

0.0

BRYEAGIE PR BRI
K5  V.parahaemolyticus 13847 & J5 1% it

Figure 5 Resuscitation of V.parahaemolyticus 13847

SZA 3 Bk H AR L0 SSV BE IR LK 3R 24 h
Ji . S. enteritidis 15611, S. aureus 41002 } V.
parahaemolyticus 13847 2238 52 I3 J5 0Dy, fH 3 K
T3EAES BRI T EAR R . A S5 B
Wl B SSV 34 T B 5 5L AT 78 W2 ME AR | b PR

Tk B AT TR PR B R 2 B 3 Ak H AR A B R
JERE TR
2.5 ZHEPCREGE

3Rk ERE L SSV Hi R IR G Hi 3R Ia T i
Wath S, enteritidis 15611 B9 invA F[H 480 bp . S. aureus
41002 W) nuc FEH 132 bp. V. parahaemolyticus 13847
1 collagenase K 271 bp FF 5 1PE %4 . WKl 6 B
L TTB 7. 5% FEALHH N ¥ 3% AL BA Bk 2 11 I
K XF 3 bk B bR IR A 5 5 R Uk 4 R BB SSV
B IR IR

500 bp —»
250 bp —>|
100 bp

M :DNA > T bn i 1: TTB;2:7.5% SALI N 1 5
3:3% Bl PE AR (1K 54 SSV R IR 5L 552 Bk o i
K6 Z & PCRHLIKES

Figure 6  Results of multiple PCR electrophoresis
2.6 SSV TR R IR AL B BERE PR R

3 AR R SSV B B IR A B AR A R
W EEBOR, B EEHCRE & m T X4 (P
0.05). [AIE} 6 #RAE H AR 7E SSV #1815 77 J b 2
AR A2 B — o WA AE D T AE R B R B AR
B Y OD B #F i # 5 T SSV 4 B 1% 35 % (P<0. 05)
b — 20 UL U] SSV M B KL R R 0 Sk M L 45 OR
W 3,
2.7 N TAEHUTS e A il 1 B 0OR

SSV i TR 55 7% B S PR A A N B 093G T A
T B IR E N4 10 CFU/mL A T95 e ke S8 A
SSV AR K IR HEF 37 CHEIRKE IR 24 h J5,6 TG 4
BE S & BB 10° CFU/mL, 8 3 B 5 4% ik Y
ME . SR 4,

3 i

B B L AFF i A — ol PR RD 486 B 8% % 3L UPBH
A [A] B A 2 B B (R T R IR SR T e R
P BT LAAE B 4 E A A i AR 4 a7 31 2% 1 Y R
M. ANDREW 28 it — Fh ke B & 42 V0 1158
KMGATFTE 0157 : H7 F1EAZ 40 i 3% A= 2= 107 4 B 19 2L
RN, 4ok B IR AR EE N 10° CFU/mL 3
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JE 10°~10° CFU/mL, W] ¥ /2 J5 22 46 0 R 7 223K
QLR R R UN TN VRTINS S M s /7% 3 I N
B (0 B 4 BR A Y R R 3L R R, 3 e R SR 4R R
DNA #47 PCR KGN , IR 4 KL 1 9 Jirt 1 At 1 i
i/ﬁlﬁlm%ﬁ,\ B R AR AR A N )2 T G L (R

AR/ B K 37 3 X6 5 i B 14 840 18 B2 B ), A
ﬁtﬁklmﬁﬁéﬂi?jﬁﬁﬁé%% SSV 5 35 Hext Ho 4
Bifs A o Ry ikt G H At 2% B T AR B AR AR K 1 5%

M, 4% LiCl.Na,S,0, Fl 25 40 IH R 41 7F o 400 i 30 nid 43
TN SSV 85 57 R v [a] iR A 1R 152 9 R H 8% st i A
B 37 3k 5 H At i 3 R 5, 8 52 40 B AE A R BRI
TR HRE SR —ERERE IR 2REH 3 Wi
TEA I T T B OD (HEIK A B 5Ok Y 3 47, 3%
Wl SSV B 37 JE Al gk — 20 4 % S. enteritidis 15611,
S. aureus 41002 & V. parahaemolyticus 13847 [H 14 K6

F3 HARE AR H AR AE SSV 3G 18 15 57 5L M I 4L v 8 h Al 16 h B (1) A= < 1 Bl

Table 3 Growth of target bacteria and non target bacteria in SSV co—enrichment medium and control group at 8 h and 16 h

—- SSV Hi 37 dk Xt R ZH (TSB)
8h 16 h 8h 16 h

S.enteritidis 15611 0.451+0.018° 0.636+0.051" 0.401+0.021° 0.611+0.011¢
S.aureus 41002 0.432+0.023" 0.744+0.056" 0.372+0.007° 0.627+0.024¢
V.parahaemolyticus 13847 0.457+0.016" 0.732+0.021" 0.383+0.023¢ 0.625+0.002°
2 L9 R 0.186+0.005" 0.316+0.022" 0.443+0.014¢ 0.689+0.022"
LRGN 0.169+0.008" 0.296+0.024" 0.395+0.011° 0.642+0.015°
oI (G R AR T 18 0.172+0.008" 0.308+0.029" 0.431+0.002°¢ 0.681+0.009°
KA T 0.162+0.003" 0.308+0.003" 0.426+0.013° 0.751+0.012¢
A 0.110+0.002° 0.272+0.009" 0.416+0.012°¢ 0.716+0.008¢
i 1B A R 0.101+0.029* 0.204+0.003" 0.485+0.005° 0.731+0.017"
AR B R FAT bR A K B ST 2# 5 L (P < 0.05)

F4 OB AR b I ACR

Table 4 Bacteria increasing effect of 6 contaminated samples

Bt i

wh L B G FA BA
S.enteritidis 15611 + + + + + +
S.aureus 41002 + + + + + +
V.parahaemolyticus 13847 + + + + + +

H+F R W E=>10° CFU/mL
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