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Abstract: Objective To evaluate the equivalence of 5 Salmonella selective enrichment procedures in standard
methods worldwide. Methods The growth rates(P,) and the colony characteristics of 5 selective enrichment broths (SC,

TTB, RV, MKTTn, SBG) and 5 selective mediums (CAS, XLD, XLT4, HE, BS) were validated according to the
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GB4789.28—2013. The sensitivity (SE) , the relative trueness (RT) and the acceptable limit (AL) were estimated on
highly contaminated foods through the use of 5 protocols combined with 5 selective enrichment broths and 2 selective
mediums according to the method of 1ISO 16140—2: 2016. The sensitivity (Se) , the specificity (Sp) , the positive
predictive value (PPV) and the negative predictive value (NPV) were simultaneously determined through the use of 10
compound modes combined with selective enrichment broths and selective mediums according to the classical statistical
methods. Results The results showed that SC broth had no efficacy in enriching Salmonella enterica serotype Cholerae
and Salmonella enterica serotype Cholerae var. Kunzendorf. The CAS and XLD were significantly better than XLT4, HE
and BS in identifying typhoidal Salmonella and nontyphoidal Salmonella as well as the phenotype of hydrogen sulfide.
Totally 84 samples(22 pieces of meat, 32 pieces of poultry and 30 pieces of aquatic products) were tested. 25 out of the 84
(29.76%) were confirmed positive by 5 protocols, and 16 serotypes from 42 isolates were identified. The SE of 5
protocols were 84.00%, 100.00%, 88.00%, 88.00% and 92.00%, respectively, but showed no statistically significant
difference between each other. The AL of one protocol (SC+TTB) went beyond the limitation of the ISO 16140—2:2016
due to the ineffectiveness of SC broth. The compound mode of RV-CAS had the best comprehensive benefits, while the
Se, the Sp, the PPV and the NPV of which were 68.00%, 95.00%, 85.00% and 88.00%, respectively. Conclusion
The ineffectiveness of SC broth reduces the sensitivity of the detection protocol for Salmonella, which could cause a
negative deviation, resulting in the threshold exceeding of the Acceptability Limit (AL). The combinational selective
enrichment broth of RV-CAS is recommended to be the optimal mode, with CAS+XLD being recommended to be the
optimal selective medium combination. The process of Salmonella serotyping is suggested to be improved in the standard of
GB4789. 4 to cope with the multi-serotype Salmonella contamination in food chain and be consistent with the international
standardization for food microbiology.
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multi-serotype contaminated foods
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3R (GB4789.28—2013) 5 1S016140—2: 2016 #}
U B BUBAT T N A D T T R R A o ik
PRI R S 0 A S TR ES BNk
JEME CRH R ECAE L RT % A2 BRAE A5 0 B U
ST B P U A B A SO AR ) s O P A A ] B
YA A5 R L O I R0 1) I TR A 36 s 44 (G BA4789. 4-
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Figure 1  The technical route for evaluating the equivalence of
different methods with statistical parameters on highly contami-

nated foods
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V5 IF i 22 45 5 (Positive deviation, PD) i 3 T 4 4
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TR WA ITEFINGE R N B, A5 TR S
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B IR SR 5 A B J7 A5 R Z )
14 d5c R AE B0 2 1 F 5 (B50) 22 5 A X E{H (Relative
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(True positive,TP)ﬁﬁﬂ%%?ﬁ%ﬁgiﬂwn R R
FE (B0 5 R BH P (False positive, FP) Sy 8L 7 [ y& 22
YeoE AR TR T IB A AR L (B 5 B BT M (True
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B8 TR 53 BT B A 1 23 B B (Sensitivity
Se) (Se=TP/(TP+FN) ) . 4¥ 5 1k (Specificity, Sp) (Sp=TN/
(TN+FP) ) . BH4: 700 (Positive predictive value, PPV)
(PPV=TP/(TP+FP) ) Fl B 14 Fil Il {E (Negative predictive
value,NPV)(NPV=TN/(TN+FN)).,
1.3 Geit#a

I HI SPSS 21. 0 Ge it 22 B4k % B s A7 4e it
5381, 15 F Pearson }* K6 56 % SE RT #E47 £ 4 8] Lk
B, P<0.05 NRA N 2 5 BA G2 XL

2 H#R
2.1 BGUEVD T IR B B 1 A

H b5 B8 AEE B AR o B RO JE (CFU/mL) 315545
WL, R TRE A 2. 0x10° CFU/mL; JE 2L
PITIRE R 1. 7x10° CFU/mL; S B ALUP 1] TG FLBGE
FAEF R 1. 8x10° CFU/mL; i FEVP TR M 1. 6%
10° CFU/mL; W 2 &) ¢; € ¥» '] IR W A 1. 7x
10° CFU/mL; K% A IR 4 2. 3x10° CFU/mL; 4
SRS BT R 2. 1x10° CFU/mL.

e A ORI IR G R R W AR AR T A A
SN B AR A 107 # BEE (10~100 CFU) FiTEE H
B 19107 H6 B FE (1. 000~5 000 CFU) Sy i 1) 42 Fil
o VTR R R B E XLD A [R1 R 5 SO
SIS < B 2 AL B A AL VD 1] PG TR L A R AR e
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Table 1 The test of growth rates of Salmonella reference strain

for 5 selective enrichment broths through the use of semi-

quantitative method

H 45 (XLD/CFU) RV TTB  SC_ MKTTn SBG
BT P
HRAD TR E e -
IEFLID TR AL KRR+ + - + +
(I 1 % - ..
L 59620 1 _ .
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2.2 BuREVh T IR SRR IR T B
2.2.1  HAREAE S BBk £k IR 7 By RR AR PR
A

CAS %k 5 #k H b5 B £ & 700 g A 7 7%
(5/5) s PIREREBL YD T] IG B A0 B @) 4 ZE€ 90 1T IR TR
g Ak B BR L B XD A X 2% 5] 1 ) i R R vk
(3/5);BS 3 XLD A M E 244 L VD 1] G fL A 1A
R i g 11 40] ML AU TR V% (2/5) s HE Fil XLT4 42 BS
AW EE B A3 FE VDT TG B T B R TR 9% (1/5) . DA
AR LR 20 ARWKIE 5 Pk £ M 30 1 A P
AR P 1 A KBOR K CAS XLD  BS HE
XLT4,

Fe2 HARTE IR E 5 Rk 5 Pk BOIR P AR AL R 2 L

Table 2 The colony characteristics of Salmonella reference

strains for 5 selective mediums
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Ji ST B T 4 8 BT 45 T PR (B A5 JE RN /B FE TR T I
W) 1 Py 34>0.5, 555 B DF 8 bn v (& 2) 55 Bk
H AR 75 5 Ff 3 5 Pk BRI P Ml b 1 Py 5 28 I
BS & L F€ VD 1] IR AN JE VD 1T IR B A1, HoAth H A
W P YRR 0.5 58 & RLID 1) IR TE FL U e 728
16 HE ) P, K35 0.5;XLD . XLT4 #l CAS 1 5 % H
PR Py Yl 0.5, Z5G R AR S R AT AR A 3R 3
(£ 2 F13 3), B8 CAS Al XLD fE R A WA G ik
S RGPE VAR 1Y) 18 R SRR ST
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Figure 2 The test of growth rates of Salmonella reference strains for 5 selective mediums
#3 HARE AR 5 Bk £E0E R T AR 2L KR
Table 3 The test of growth rates of Salmonella reference strains for 5 selective mediums
H b BS HE XLD XLT4 CAS
B N P, N P, N, P, N, Py N P,
ERGESUIRNN: | 101 0.51 107 0.54 122 0.62 136 0.69 142 0.72
HERLDITIRE 77 0.46 90 0.54 98 0.58 105 0.63 132 0.79
FEEETLYD T G B LI I AR 54 0.30 85 0.47 102 0.56 118 0.65 123 0.68
BiFEU ] KB 89 0.55 82 0.51 117 0.73 120 0.75 124 0.77
R R 5 JE U ] IR 56 0.33 88 0.52 97 0.57 115 0.68 129 0.76

AR P =N N N OB F AR AR A B B YA B0 (CFU) N ol TSA R AR I B Y& 20 (CFU) 5 BRUGZEVD TG N =198, 3 AL I T T IR 1A N =
168 A FLYD T R L e A8 Fl N =181, (€YD [T [RTA Ny=161, T BRI FE V0 1] IR N =170

2.3 [T gL SRR 2

84 AL ALHEE A 22 14 (& IR 32 MR RIK T
30 o 4 FRANHETE S B ORISR, LA BH
FE S 25 8 CRBUREE 100%) , 40 B %R R 29.76%
(25/84) , LB ITIRE 42 #k, A& RG k1L
TR0 WY % E o PRSP 11 R (11/25,
44.00%) VA 2 AL gAY . 42 BRIDTT IR AL .
BRAGFE(T ¥R B ER(S #R) A3 (5 ) MR (4 #%)
TE L (4 Bk 19 (4 Bk B 400 7 (3 Bk JBEEC R
(2 BF) BHHTAR (18R ) OB (1 R (AR (1 BR) B}
e (18R B L1 BR) 3 Math (1 BR) R SCH
(1R A XA B (1 4R ) o
2.4 T IS0 16140—2: 2016 HUEE BOF 58 3 Hr 21
Gk

AR 84 A HE T B g VD T IR B R s YA (A
£ 4 ), B — FlOFE S B0 R T 20 4, #21SO
16140:2—2016 15 2 A [6] 41 & 7 1k 43 B A S ik &%
B MRPESEE A4 2 19 SE M RT 5255 (100. 00% ,
100. 00%) , ¥k I 414 5(92.00%,96.70%) .4 &
314(88. 00% ,96. 40% ) 414 1(84. 00% ,95.20%) .
GG b, 5 M 4LA B9 SE M RT 22 S 43t

H L (P>0.05), AI#EAZBR{E (AL) 2y 1SO 16140:2
—2016 B 7 48 b, B A 7] 7 35 A A [R) AR
a7k 22 ) B R T A7 2 5 (i 2 S IO T
AT 5 25 T R 3 B S 2SR ) | ) — 28 B S 1 T X F
7T ¥ AL (ND-PD) #il AL(ND+PD) i 43 5l <3 Al 6.
ARWHAE 1B ALIND-PD)#E H 1SO b i B SCAY AT
s BRAE, Hofth Iy B9 AL IFE AT 42 J0 Bl . &
FAA L HEIRAYER g ND B B4 A 1 77
% s A, & B SE Al RT fw {& & AL (ND-PD) i#&
FR(E 4),
2.5 BTGNS SEOTM A A ik
HAL R G2 S BA B o 2 R TP e
) 41 & J& RV-CAS Fll TTB-CAS(17/25) . f ik 09 41
A J& SC-XLD 1 SC-CAS(0/25) ; FP {H & i 4 & 72
SC-CAS(8) ; TN % {H # 3f ; FN fH f lL 4 & /& RV-
CAS il TTB-CAS (8/59) . Se #x i & RV-CAS
(68.00%) A1 TTB-CAS(68.00%) , H: ¥k y TTB-XLD
(60.00%) . Sp {H 2= 5/, Tk [ Wedl & 7 vk Z 18]
B % W22 5. PPV Hl NPV N es PEAN 8 F5 , e A
RV-CAS(85.00% F1 88.00%). EAK{5HE W% 5.
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Table 4 The evaluation of the sensitivity and the acceptable limits for 5 protocols based on the ISO 16140—2:201
Hae PA NA ND PD SE/% RT/% AL(ND-PD)  AL(ND+PD)
1 21 59 4 0 84.001"! 95.20 A(HIBR") 4
2 25 59 0 0 100.00""! 100.00 0 0
3 22 59 3 0 88.00 96.40 3 3
4 22 59 3 0 88.00" 96.40 3 3
5 23 59 2 0 92.00" 96.70 2 3

W MR =25(100%) ;°: 44 1: TTB+SC, 24 2: TTB+RV,2H 4 3: RV+MKTTn, 24 4 : TTB+SBG, 2H 4 5: RV+SBG; " H4fE 1SO 16140:2-2016

e SC—JRE i 9 ALCND=PD) Al AL(ND+PD) B 73 5] <3 711 6
K5 ETHEGINEERIISEOTM R - E S EHE
1Y RERL
Table 5 The evaluation for efficacy of the compound modes

based on the classical statistical methods

W EA4S TP FP TN FN B/ %

Se Sp PPV NPV
RV-XLD 12 4 55 13 48.00" 93.00 75.00 81.00
RV-CAS 17 3 56 8 68.00" 9500 85.00 88.00
TTB-XLD 15 6 53 10 60.00" 90.00 71.00 84.00
TTB-CAS 17 4 55 8 68.00" 93.00 81.00 87.00
SC-XLD 0 3 56 25 0.00" 9500 0.00 69.00
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MKTTn-CAS 12 4 55 13 48.00 93.00 75.00 81.00
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SBG-CAS 12 3 56 13 48.00" 95.00 80.00 81.00
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