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Abstract: The IQ-Check Salmonella II kit-based method was evaluated through the detection of standard strains and artificially
contaminated Salmonella in foods. In this study, the kit method was used to detect 50 Salmonella strains with different serotypes and 50
non-Salmonella strains, and the sensitivity and specificity of this method were analyzed. By detecting the artificially contaminated
Salmonella in food samples (including liquid milk, infant formula milk powder, meat and meat products), the consistency of the kit method
and the GB 4789.4-2016 method was evaluated. The experimental results showed that when the concentration of Salmonella was 10°
CFU/mL or above, all 50 strains of Salmonella could be detected by the kit method, and the average detection limit of Salmonella with
different serotypes was 6.98x10? CFU/mL. The results of the kit method for 50 non-Salmonella strains were all negative, indicating that the
kit method showed good specificity. The positive detection rates of the kit method and the GB method for the artificially contaminated
Salmonella in food samples were 98.77% (161/163) and 96.32% (157/163), respectively. The relative accuracy was 96%, 99%, 97%, and
the overall accuracy was 97.33%; the relative sensitivity was 96.22%, 100%, 100%, and the overall sensitivity was 98.73%.The relative
specificity was 95.74%, 98.15%, 92.86%, and the overall specificity was 95.80%. The consistency analysis was carried out according to ISO
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16140, and the results showed that there was no statistically significant difference between the two methods. The results showed that the kit

method had the characteristics of high sensitivity and strong specificity, and was highly consistent with the GB method in the detection of

artificially contaminated food samples. The kit method is worthy of popularization and application in the rapid detection of Salmonella in

food.
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Table 1 The information of Salmonella strain

5 AHRS A F5 AHmGRT Ao A F5 AT o A
1 CMCC50981 Aberdeen 18  CMCC47540  Edingburg 35  CMCC50978 Orion
2 CMCC47503 Abony 19  ATCC13076 Enteritidis 36 CMCC47536 Pakistan
3 CMCC47520 Anatum 20 CICC21482 Enteritidis 37  CMCC50094  ParatyphiB
4 CMCC47513 Agona 21 CMCC47507 Farsta 38 CMCC47518  ParatyphiB
5 CMCC47511 Albany 22 CMCC47501  Gallinarum 39  CMCC50962 Plymouth
6 CMCC47509 Albarny 23 CMCC50985 Glostrup 40  CMCC50966 Rissen
7 CMCC47502 Albert 24 CMCC50964 Havana 41 CMCC47534 Rissen
8 CMCC50961 Altendorf 25  CMCC50960  Heidelberg 42 CMCC50992 Shubra
9 CMCC47521 Anatum 26  CMCC50993 Indiana 43 CMCC47519 Singapore
10  CMCCA47510  Augustenborg 27  CMCC50956 Infantis 44 CMCC50959 Stanley
11 CMCC47505  Baiboukoum 28  CMCC47504 Kentucky 45  CMCC50979  Thompson
12 CMCC47512 Braenderup // 29  CMCC47508  Lindenburg 46  CMCC50991 Thompson
13 CMCC47535 Bonn 30 CMCC47506 Massenya 47  CMCC47553 Thompson
14 CMCC47515 Concord 31  CMCC50980  Mbandaka 48  CMCC47500 Tinda
15 CMCC47517 Derby 32 CMCC50984  Meleagridis 49  ATCC14028  Typhimurium
16  CMCC47539 Djugu 33 CMCC47537 Nchanga 50 CMCC50958 Uganda
17 CMCC47514  Eastbourne 34  CMCC50986 Oranienburg
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Table 2 The information of non-Salmonella strain

il Hhs5 A8 Vi H AR5 A&

1 CICC29001 KA KA 26 CMCC26608 B F FIRE
2 CMCC43202 KIGAF A 27 CMCC26609 ARFEHRA
3 CMCC43205 KMAT 28 CMCC26308  &2HEH HKA
4 CMCC51660 ARERKHA 29 CMCC26312 4&®ERNHKE
5 CMCC51670 HREN KH 30 ATCC25923 &) &R HKA
6 CMCC48097 i KA BAT 31 CMCC32480 £ B &

7 CMCC48100  KATRERAT 32 CMC(C32241 B IRIRHE
8 CMCC20031 B N 33 CMCC32477 PRI

9 ATCC700603 M KL EAH 34 CMCC32476 3038 PR
10 CMCC46124 M KL EAH 35 CMCC49267 LR THATE
11 CMCC52265 ANREERD KIS R 36 CMCC63542 AEH I F0ATE
12 CMCC49266 FREHATH 37 CMCC63546 AL FIRATH
13 CMCC45302 A AT 38 CMCC63542 REFIATH
14 CMCC10901 RGBS ILE 39 CMCC45107 EEMATE
15 CMCC10902 RGBS ILE 40 CMCC45401 B % B 4T
16 CMCC54008  fAz#mfess & =4 KA 41 ATCC29544  Bud A F#ATH
17 CMCC54009  fAz#mfess & =84 K H 42 CICC21560 B %, B AT H
18 CMCC54103 FELEHFRA 43 CMCC17242 BRIz
19 CMCC54105 FEHEHFRA 44 CMCC20100 BERINE
20 CMCC26142 FEBHEA 45 CMCC10802 PR AR LN
21 CMCC26602 RKF HRE 46 CMCC48092 L RATARBATH
22 CMCC26604 AFHHRE 47 CMCC63312 A FOAT
23 CMCC26605 KA B RE 48 CMCC63316 A FATH
24 CMCC26606 BAREHREA 49 CMCC26612 BT R HRE
25 CMCC26607 AER EHIRE 50 CMCC15503 T KAATH

AHWFTCR e S LR VA WS 224 LS TT
k. PRI 3 KK, REERFE % 25 1, Sl
EpNatllaky/iEhg

1.2 3 5 P

R ARG I AR (Tryptic Soy Agar, TSA) IHH
EE BD A A b AMK. IREREEEIESE (TTB)
R WARRR E R (SC) B, AR
PR (XLD) Bfa-Fi. TEmifREE (BS) IHE-F
W) A6 5T 37 BE;  IQ-Check Salmonella IT RT-PCR
R77 & 26 [E BIO-RAD A w424t

PL2002 HLF R, MERFH: MLS-3780 ik KH
%, HA =3 ESCO AW aHh; 4J8%, Eppendorf;
MIR262 “EALRE T4, HAR=VE; 2R MEs o, 3£
Thermo; 4= HBNHAY T MR eI RS0, PEET
TUL; CFX96 Touch Deep Well SZif € & PCR #4t, %
BIO-RAD.
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1.3 L3Ik

1.3.1 1Q-Check X7 &7 ik B 45 R Fik

DNA R il 2 bRt 7% : B 1 mL G 7K, 12000%g
BB S min, 3G, MPUEHIIA 200 uL X7 A
R, IWEIRAT, 97 CEJRELME 15 min, RIER
SJJEE0, DNA T LBl &H.

DNA AR £ 7 B35 100 pl AR S
100 pL ARG A, IRIEIRS], 97 CE&RIR# 15
min, RIERAIE B, DNA T Bl &

HY 45 uL PCR Ml 5 uL DNA #itR T ) \iZEHE
PCR &, WHEOE VL. RARAFERE CFX
MIDE 2.1 %4, %#% Salmonella F&F 146165, HE
SRR UWE SIS B . PCR FEFFN: 95 °C 10 min T
A, LL95 C 15, 58 'C 20s, 72 C 30s{EN—
MBI, 3 50 MBS, POLIEIEERE FAM I HEX (A
R
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2 FAM 55K Ce{E>10, JRSE TR 5 BHE;
2 FAM {55 KK H, HEX (55K H Ct {5>28, MR
SRR B . BESLTATIINRSE NP, B
FERCONRRPE. FERSPATIR U I 1 AN, RIAE
FE BT
132 Fik REUHITH

¥ 50 bR S b 1) IREE HT it — AR G
B AR FE KR AR 1.5 MCF 2900 SRS RRE 10%.10°,
10*> CFU/mL, #1207 53547 DNA BbR il 46 A
RT-PCR faill, & = FATMNK, AT ES0 BEn
ATTRVETEEL, R 5 SR A5 BH A 1) B MR A 1 R P ik
TR R
133 FikBFF e

¥ 50 PRI S M ARYD T I B 55 2= P o 1
A3 /K AR 1.0 MCF &3 (10° CFU/mL) , ]
TAT 572534 T DNA SRR il 4% S RT-PCR ki, LAVDT]

IREETE ARV IR, HE8aRRI G ER T, WEX
AT IR
134 Fik—5 TN

43914 S bRiE GB 4789.4-2016F1 BIO-RAD 2
A AL 1Q-Check RAIEERAE VAT LR . HOR
PRl Bl LB R RS R 25 g INT 225
mL BPW 5], SR TG54 2901 T CICC21482
V5 YK TR 0. 107, 10°, 10" CFURS g #Ef, &
36 CHiFR 24 h TG EE G, ¥ BEBCR AR SobR e 72
HEAT DNA B i1 46 J2 RT-PCR A, 138 B = T47
[Ff 208 GB J5i%iH T TTB A SC iz E E, Rk
XLD H1 BS “PARIHAT 7> B85 55 S b | T IR 4 e

£ 1S0 16140 g JE I, SR FIE 7% (B
75 5 GB ik (BT M HERTE (AC) |
FEXTRE P (SP) FIAHXS R BUE (SED F4%HE 13O 16140
o S N oy R MDA A R 8

= 3 WFIETFEFTTF 50 BRDT TECE AR L R
Table 3 Detection limit of 50 Salmonella strains by kit method

5 A AR # 4 IR/(CFU/mL) A5 A A #- F&/(CFU/mL)
1 Aberdeen >2.69x10° 26 Indiana >2.10x10?
2 Abony >1.61x10° 27 Infantis >9.60x10°
3 Anatum >2.89x107 28 Kentucky >1.33x10°
4 Agona >2.08x10° 29 Lindenburg >1.43x10°
5 Albany >1.23x10° 30 Massenya >1.69x10°
6 Albarny >1.31x10° 31 Mbandaka >2.08x10°
7 Albert >1.93x10° 32 Meleagridis >5.50x107
8 Altendorf >2.23%10° 33 Nchanga >1.07x10°
9 Anatum >2.10x10° 34 Oranienburg >1.89x10°
10 Augustenborg >3.53%10° 35 Orion >1.45x10°
11 Baiboukoum >2.34x10° 36 Pakistan >2.00x10?
12 Braenderup // >1.60x10° 37 ParatyphiB >2.57x10°
13 Bonn >1.82x10° 38 ParatyphiB >1.20x10°
14 Concord >1.17x10° 39 Plymouth >2.31x10°
15 Derby >1.65%10° 40 Rissen >1.82x107
16 Djugu >2.20x10° 41 Rissen >1.81x10°
17 Eastbourne >2.70x10° 42 Shubra >4.17x10°
18 Edingburg >2.51x10° 43 Singapore >2.88x10°
19 Enteritidis >2.06x10° 44 Stanley >1.09x10°

20 Enteritidis >2.08x10° 45 Thompson >2.13x10°
21 Farsta >1.58x107 46 Thompson >2.61x10°
22 Gallinarum >2.05%10° 47 Thompson >2.08x10°
23 Glostrup >1.59x10° 48 Tinda >2.00x10°
24 Havana >2.12x10° 49 Typhimurium >2.25x107
25 Heidelberg >2.31x10° 50 Uganda >1.08x10°

7E: RT-PCR MiX4E RARE FRM 0 RAK S0 B IR
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2.1 &k REUEEN

KFRAEITIENE 50 #RVD 1T ECHH AR H R W3
3. MYBT TR EWRESE 10° CFU/mL A A, RT-PCR
Xof BT B ARSI 25 S P . 249 T IR IR R
& 10* CFU/mL, 154 36 ¥RV TIREREMSAE I . it
AT RR G20 50 BRIV R H BR P 241
N 6.98x10° CFU/mL, 15t Bi% 7 54T R 1 R ek

22 JriksE N

2000
1500 | /—
z 10001 BHHER IR —
&
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E 1 e ERNEED TR E R 1EHhk
Fig.1 The amplification curve of non-salmonella was detected
by the kit
KRG TTVERT 50 BRARVDT I IRTAREA TR, BRFH
P RSN TEAR ARSI DAHE, IR 1. Bt
FIETTEARF IR, 5 HAM A B TG RS

23 FE—BMERH

LA (n=100) 24T (n=100) .
W R (n=100) 3 REMIENFERE, KA
RANF R GB J7EX VDT I A LB A i A
MEERR 4 Fron. NIITE Y2 0 FREE R
NBATE, 10" CFU/25 g JLiik FE =R SRk sk W 7 ik
Rl 2 B NEATE (75/75) 5 10° CFURS g Yeimik e
PR A R R A A R — 2 (2121 5 107
CFU/25 g JEBAMRER 104, 17THBARTYEE T GB J7i:46:
TUBHMEARF G VERIIPE T, o, ISHBIATIFES GB
7 AR BE AR S A B o RIS 10°
CFU/25 g JLTik B 1 22401 LIC 5 FUR AR ks s T
GB J7i& (18/17) , 23#Ffih GB J7 il YR &
JEREIBATE; 107" CFUR5 g YLk B34 ) L5
FUEE R A R A R 80 (44 5 WRIE
10° CFU/25 g #1107 CFU/25 g GLTE M A K AL 2Kl
A BUA T GB 595 (23/22 AT 13/11), 16#AT 174,
19#FF 5 GB 7 BRI G A B . 25
ST AT EAR A & TS GB TR RN
98.77% (161/163) #196.32% (157/163) .

PG TR =2 AR b 1) IR TR AR 7 1)
FEXTHEREE (AC)  AHXT REUE (SE) FAHRHE 44 (SP)
SERWER 5 FoRe SRS B LT AN WA
il AR A AE S HERREE: 96% 99%- 97%
SMARERREA 97.33%:; R RBUER: 96.22%. 100%.
100%, SARRBUE N 98.73%; HodksFiEss oA .
95.74%- 98.15%- 92.86%, EAKEFIEN 95.80%. FRYE
ISO 16140: 2003 fifx% F tHEHPFIER—EME, 45
U1~ : PD=6, ND=2; Y=PD+ND=8; 6<Y<8, M=0, m>M.
WA g WIRONE RS SR L PR E .

& 4 WFNET5EM 6B 7 AP IRE A LR E R ftf mid s R
Table 4 Test results of artificially contaminated food samples with Salmonella by kit method and GB method

AR FRERE/ (EREXE S GB Fik-1iAA&Fik+ GB FikHRA &7 k-
TN (CFUR5 g) XA &7%/GB 7 ik g M5
[REE S 0/0 -
) 10! 25/25 -
BARIE (n=100) 0
10 21/21 -
10" 77 104, 17# 9%, 18#
[ bt EG 0/0 -
» 10! 25/25 -
4 )UEe 7 4 (n=100) 0
10 18/17 23# -
10" 4/4 -
[ bt BE 0/0 -
. 10" 25/25 -
P A £ 4H] 8 (n=100) 0
10 23/22 16# -
10" 13/11 17#. 19# -
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5 RFIEENEXTERE (AC) « HEXREE (SE) FExFRM (SP) &R
Table 5 Relative accuracy (AC), relative sensitivity (SE) and relative specificity (SP) of the kit method

B £ PA NA ND PD AC N+ SE N- SP
JARAG (n=100) 51 45 2 2 9% 53 96.22% 47  95.74%
ByliF e (n=100) 46 53 0 1 99% 46  100% 54 98.15%
AR R4 (n=100) 58 39 0 3 97% 58  100% 42  92.86%
&3t (n=300) 155 137 2 6 9733% 157 98.73% 143 95.80%

JE: PA: AR MEE; NA: A iE¥ A AN, ND:

fithZ, GB Fiklak, KA &EMid; PD: EmE, GB Fik

PR, XA EikFaMS; N+: GB FikFaM4k; N-: GB FikMtEdk; AC: A5 EHE/%=(PA+NA)YNx100%; SE: Aast R 4Z

/%=PA/(N+)x100%; SP: ABxF4FF1H4/%=NA/(N-)x100%.

1Q-Check Il 772 /2 26T 520 76 5% PCR JR R
R 7592, 2RI B ARYdE s A BRI AS H R
U 3 s 2l 2V T SR 9 s PCR 20 AR 4D 5 B 1
TRALZEMIM SRR AL I — DI B 18 h 5 S A I
4 CFU/25 g Vb1 IR T o RN FF45 1 37 () Tagman MGB
SEI 9 PCR RS TRE DUAE ¥ P R s i 2 90 T 1
B AR IR 4 130 CFU/MML . ASHE 7 3 22 3k
FIE TN 50 FRAS R LIS B0 1 BB A PR N
10~10° CFU/mL, SHIHEFL: REA T LEK
FEikF] 10° CFU/ML J AR, 50 BRyDTTEC BRI SG
B ABAYE . R Tk R kR, ik BE
FEARMIAZ X5y, FFEXTLIGESIX . WA AR
JOAA . N RV ERIIR S S B s R, A
TR 50 HRE S 2 @A E (10° CFU/mL) R
I TR ARSI Sk R e, SRR &S
FA AN TR R, 1245 R BAT L e o AR &

AFFREE 75 AN F SRS BAECAN . A
Je P B SRR R RS 101, 10°, 107 CFURS g =4
BURMI SRR 2, 56 & 7755 GB ik —
bk SEGLE R 5 GB AL, WA G
ARV i N 95 R IR 1) DR (ARG I S I A 1 —
FHEAMER R CRARHERIFE 97.33%) » HWVEESE
AR E RSB AN RE S s U 45 RAFAE
ZE5, A ERR A R SRR I 2
YRR N 107 CFURS g MADREA, WREZhT
YLpi R AR H I IRV SE TR, 4 00 ERR VR AR
RS A B E R 107 CFU/RS g WK DA A
FHES, ATRERR S R N R IR, EARR
PR G2 T B WA R R 2 2 d, Z7iT]
PARAME BT VEAE A I — 5 e A i e ik, i
TG BT A0 1T A B 2 A D 1 75 K

3 Z5ip

2¢ FRW, 1Q-Check A& 726V | ] R A 46

HAT R0 REPERRE R AE, ERUADS. By Al
W LRSS db AR, 1Z0E S EPREMEE 2L T R
Uil —BUMEAHERR S . ST IZNE R BRI R FE
IR AT R PRIV T A ml A T T TR
T RPN, FABGF AT HE .
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