Vol. 25 No. 1
2025

1 SRRNEE I ST
A

Journal of Chinese Institute of Food Science and Technology Jan.

BHURINERY IR g xeNemp i TRE

FyH2, KBEYE', % B O F &7,
("FMAREKRFRABHELFERE  FAEL 071000
2R LK FE T Z 071000
SR L RKFRTE Tk M 061100
PR LK FAEGHFEFER TAREL 071000
SITAEAFTEERBMAD SN EGEELZRE  TAEL 071000)

%J‘?Lfﬁil, glﬁ { 1,4,5%

WE JNMREALAFEMEEROWRXRRZL— SAXRRETMR, AFLAT Fora (CR) A& A EH K (HNB)# R
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Ty R AT IR B At AR 60 M 5 FRAE S PR L ik 00 SRR 2 R M AR L 45 R R HNB/CR R AE K E e A 0.6, Bp HNB %
FE A 75 wmol/L,CR & A 125 pmol/L, Az kAt 8 4 ITK A AL A4 ISHEDVITKB BRI A ML, Z 5%
R H 6.8 CFU/mL, 2 PCR 7 % (6.8x10> CFU/mL) # 100 4%, # i FE % 9.5 CFU/mL, ¥t PCR 7 i (9.5x10? CFU/mL) &
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N0 18] {E A S T2 RS E 5 0 5
PR B s AR BH P A 45 R0, A T8 B, DNA
BAEEMRE Ry TIRaE ), BT
DNA 1% 77 1 BE 6% 55 0 ok o M AS: DU V0 1] IR B0, 2R
& BiEEE W (PCR)AE N e S 0 BRI 1 BOR
CHCAG N Ef ] B 5 B AR 8 T R I, TGV il B
G Ko D 7 0, AR S 2 T R B B R B A R
§" 4 (Saltatory rolling circle amplification,SRCA)
FARMKEE Bst DNA 5 i 09 5 & #5 F0 4 1k BE
A TSI BETT IR I 18 B i, 5 3R 45
P 3 (Loop—mediated isothermal amplification,
LAMP) £ AR A H ,SRCA 51 ¥ B3 AH XS fif #, i HL
AT LA 70 7 ) AT ML e TR, SRR
(Rolling circle amplificatio, RCA)#7 A AH Lt ,SRCA
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Hl, Sy ZMET SRCA BARMPITIR
(R iRl 7 7 K 1NN s 7 AN | 7l | 21
UG H L R OB RS B, S RE
JE I PO A T Y 5 0 Lk EEEE T A
Ykt B AL, X T SYBR Green 13X 8% ik
APENYL L T RN fE A, W RE S PR AR
JE T et 0 L RIS i A S A & o R
ReA 0kE oo 5 g

2L (Cresol red,CR) Jf&—Ff pH B/
b, 24 pH<7.2 8 6, 25 pH>8.8 I 5L P47 (12,
¥2 3 Z8 W3 5 (Hydroxynaphthol blue, HNB) J& & UL
1 4 A UG RE B R TR R Mgk BE
AR FEAZTRY SR, & B dsDNA By [a) i 25
FERCR 7 Py SR IR AR 25 1~ (P,0,) FN U5 1 (HO)P+,
HRZ AR 2 pH {H T FE, CR PR AL (07 O 3

2 P05 Mg 45 &5 77 AR AN B ULTE
Mg,P,0;, i M 2>  HNB H 25 (5748 K
W2 CR F HNB YR 2 X5 7 38 7= A 94
LG T 5N I I AR 2R 22 v 230 ik 1 e e B
AT e B, £77E B AR A TS B RN, A X H
JER R A TR R L 25 5N 55 IX 4y, R Sl 2 X F —
L R 8 R A ) R

AWFFOK CR A1 HNB 241G 0 A, FL A —#& A
Ii) /A 2 gt SR 78 S — A SRCA WUkl
Lo 75 W R I S R Y T IR, DAL &
YD 1T BT ARSI 7

1 ARS®
1.1 K EK
A5 BT I BRBR WL AR 1

1 HHKEER
Table 1 The information of bacteria strains
G B A 4 Ak BTHL B A2k 5 AR R
1 VA& 4R TRE Salmonella paratyphi-A CICC 21501
2 AR &I E Y TTRHE Salmonella paratyphi-B CICC 21495
3 7 A &4 R TTRE Salmonella paratyphi-C CICC 21512
4 RGETNTRA Salmonella typhimurium CMCC 50115
5 B KT RE Salmonella enteritidis CMCC 50041
6 LR BB ITRE Salmonella senftenberg ATCC 8400
7 HELD KRS Salmonella choleraesuis CICC 21493
8 KA ITRA Salmonella oranienburg CICC 21511
9 X% A K E Escherichia coli ATCC 13706
10 XM %A KA Escherichia coli CICC 10032
11 FiE M K R AR H Escherichia coli 0157 :H7 CICC 21530
12 B E A RE Listeria monocytogenes CICC 21633
13 RS A A Listeria seeligeri CICC 21671
14 REFMHHFKA Listeria innocua CICC 10297
15 X EHHHRA Staphyloccocus aureus CMCC 26073
16 EFEH ARA Staphylococcus aureus CICC 21600
17 B 8 o MK TR Vibrio parahaemolyticus CICC 21617
18 & 78 MK TR Vibrio parahaemolyticus ATCC 17802
19 BKERKA Shigella flexneri CMCC 51571
20 R ERKEA Shigella gysenteriae CMCC 51135
21 R S8 F AT A Cronobacter sakasakit ATCC 29544
22 FERATEFA Cronobacter mwytjensii CICC 23943
23 AL AT R Bacillus cereus CMCC 63302

1.2 ##5H
AR AR 0 1 7 oh IR R 2 R 2 RS W R
ft; DNA S BOLR & I PR & ddHLO (dNTP

MIX, b5 I fE A= P4 R 2\ 7] ;Bst DNA Poly-
merase , ThermoPol Buffer (10x) MgSO,, 3 [ NEB
23\ s HNB (CR, b 5t 46 3 BHAE Y H R A BR 54T 2
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A] ;SRCA 519, A TAEW TR (B ) IR A R 2>
Al
1.3 UF5EHF

PCR ¥ #44% , 7% [ Biomedizinische Anaiytik
A B2 7] TY300C B Pk A, A 50 BAR T A Al
Nanodrop 2000 735t % i, & Thermo scien-
tific 24 7] ; HWSY 24 BUE R K i, DRI IR 1
Ml TR IRA A B TAES, JERIAS
(rde) A BRAE ;MGC-500 %1 H $fE R 1 FR 44
KRN A TeALER AT BR A 7

1.4 REH*

1.4.1 FEPIZH DNA $23C Al TR bR & g Bk
1 PR RRAYIE 4L DNA, I %2 i $5 BOSE A ) 4l
JE 5 (A /A o TE1E 1.8~2.0), J7 T =20 CI-AF
.

142 51Yit AUFSEEFEDTTIRE inwd B
, 7E NCBI i 2 H [ Y54 S5 e 1 8 7 371 3 3k
DNAMAN # {4 #E47 SRCA 5191331, i Ja i b
A THATII A B, 51 B3 2,

*2 DIKRE InAEBESIYER

Table 2 The primers information of Salmonella invA gene

$e 571 -5 %5 314 % AR Gl 330 (5°-3") 3l 4 K & /bp B #9731 K /bp
invA GenBank M90846.1 FWP CCTGGACGATAACAGCAT 18 59
RVP CCGTGTTGAACAATTTACGG 20

1.4.3 SRCA PCR W f& % SRCA J I 1A % .
ANTP MIX (2.5 mmol/L) MgSO, (30 mmol/L) %% 4
pL, ThermoPol Reaction Buffer (10x )X 2 wL,Bst
DNA Polymerase (8 000 U/mL) FWP/RVP Primers
(10 wmol/L) A=A DNA (BF A4 Xt B8 A I i ) 45 1
wL, 8 ddH,0 #6420 pL A £, T 62 CHEE 2
N1 h, FeJETHRZ 80 °C, fff Bst DNA R AL
W, N2k

PCR JX W f& % :Taq Master Mix (2x) Ht 11
L, FWP/RVP Primers (10 wmol/L) 4 # DNA (Bf
PRI ) % 1 L, i ddH,0 #h 4 25
pLAKZE
1.44  SRCA ¥ 38 ¥ 53 B SRCA JZ I 4%
SRS 1 B N A e v VK S UE T 3 7, A5 R IE
B3 5ty W2k 2 X8 JC A T P 4307 2
HE 3K,
1.5 MEpHRmE Rt
1.5.1 CRWEMMLIL FEHL 4 2 CR B, 73 4
9:50,100,200,400 pwmol/L, W BUAS ] He £ #5 CR
% 1wl TR RS, JE17 SRCA I, ff A GETF
BLAA B IC SR e g5 5, 3 1 Photoshop 217 I &2 #
i Lab {8, 485 13 CIEDE2000 22223 X3 3}
R 5 BH R S 2 ] € 2 A £ 22 AR
VB 2258 K ) CR W, LA KCHLRT R R R i
B, UL E R X E], UE AT CR HeE fe & Ak, LA

JE CR BefhE ks, Iy HEE 3K,
1.5.2 HNB/CR B L fifb  7E8E CR ffE
W ILRE b L HNB/CR ¥R E H, JLik® 5 4
HNB/CR # J¥ H.AH (0,0.4,0.6,0.8,1.0) , # FE T i%
BB, 43I EC CR A1 HNB 45 1 L @8
R R 4T SRCA RN, #% 08 1.5.1 W1
AbFRR 645 R LA E HNB/CR S AEWRFE 1, 40
REHEL 3K,
1.6 SRCA Jfltk &k ET

Fi I 1.5.2 505 B9 HNB/CR e fE 1k 1L, 43
SR AR I R RS 1 L, #E4T SRCA 2
IV o Bl 10 i b B 4l SR I R FH Ba i W e g s Dk A
FE, B4R ER 3K,
1.7 HEHRKE

RVEARZ T R e, DA 1 R AR 3
P2 DNA MR EFT SRCA XYL R He {5 b, 3
Xof Ll e 285 S AT BN W I L K B e, R A
BIEE 3K,
1.8 RFEXRE

it I TC TR A= BRER K i 28 VD 1] IR B 2l 55 FR W
JEM B, 22 VAT B0 D TR RO Dl 6.8 %
10'~6.8x10" CFU/mL., #2518 3k P 4 DNA,
DL HAE MR AR 24T SRCA XUk L (o 52 10, [a] st
i F PCR Jy 5% iR 3L 40 DNA $E47 4G
HIRBHER 3K,
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1.9 #HRiKE P #0)%100 (2)
il 85 N 05 Ye 2R ke SRR BE A B, 467 AR FFE2 (%) = (FCBH B+ L FT 00 /8 i 2

THECE M E VT IR W B R 9.5%x107~9.5x107"  #4x100 (3)

CFU/mL, #2£BCER 4] DNA, L H AR E 17 SR-

CA XYLt Eb s B A PCR i, BAREIHE 2 FHRESW

23K, 2.1 HWilEE

1.10 KBREFERE

P T (T A6 DR T ) e SR 4R S BRAE i 60
1y A4 25 b A 28 K HL (RS A RS P A 4
) 25 Fs s (4= Wk Ok mEFL ) AT 10 Fb
RPEr a2, 43 0 A SRCA XLk EL 8 7 i fn( e
m UAE Y E R VTR A5 ) (GB 4789.4-
2016 )77 kA BT A FE d o 0 s I A i 9 2
Pt A S (1~3) THE U R R RISAT A 3
HAIREHFELE 3K,

B (%) = B BH P %0/ (B BE M 1 B
%)% 100 (1)

Bk (%) = BB PE %0 (BB P B

K JEER AN 1 s, ARy I, A
DNA Z3F B[R, 25 R 58w ™= 1y £ 0 1 A
T (PO ) M B+ (HY) . Rhiat & H R K
% pH B TR, fiff CR HIPELL 68 N B 61 PO
5 M85 G 77 AN A A DLTE Mg,P,0,, Mt B
it HNB-Mg & & ¥ 1 i) HNB, ffi % i i £ % 22 (0
AR R REE , HT CR A HNB AR A /F A% A
AR, X PR LR G A T SRCA Tt
JRL, 7 A T AT R B AR R X R (4R B -2k )
S —JUR A L, AR T N2 AR AR AR
o, 3R T Bi A 11 3858 T oA R
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Fig.1 Schematic diagram of dual-dye SRCA colorimetric detection of Salmonella'"
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Fb 8 25 2 (&) 4a) RN 22 30 E] (K] 4b) FTAT, 24 CR
— e FE M 100 mol/L B, BAM: 55 PHAR A 5 22 18] 6 (8
CR Zi K ;2 CR ¥ 50~200 pmol/L i}, FHYE 5
CR+HNB
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Fig.2 The color variation range of different dyes

2.2 SRCA ¥ &= FF 4 #r

A LUk 45 2R (B 3a) TN, P KGE O RRAE B IR
5 N TKGE R UL 26T X T 4 4% HL Tk R U0 R
FF 4 A, Q& 3b o, 48 7 4 R VS i 81
BB A B IEm, B — KA B ES F
BLSINF SN AAT, £5 4 SRCA ¥ 34 J 8
2.3 MEBFMEMMEALLER
23.1 CR WYEAEWREE W CR ¥R B i 3% Pl ik 26

BH PR B i 22 8] 9 £, 22 55 2 38 s el /s 19 722 4k
FO UL CR e o VR FE AR AE T O FE T L Y
CR & 2 i 2 3 38 7F 50~200 wmol/L ¥ JE [X [7]
N, 15 TR H] bR 25 wmol/L, %5 5 4Lk JE (75,
100,125,150,175 wmol/L) A7 5, my Lo 25 R
(FE de) Ffo 22 SR (] 4d) AT 50, 24 CR ¥R EE N
125 wmol/L I, FF i 2Z 8] 14 €8 22 e K, PRI A BF
5% CR M EAEW N 125 pmol/L,
2.3.2 HNB/CR W fefEWE b 76 fefE CR Wk E
[ JERs i % HNB/CR ¥ 1 (0,0.4,0.6,
0.8,1.0), JFEHAHX R A HNB ¥ &R 0,50,75,
100,125 pmol/L, @45 R ANE 5a frzs , 4 HNB
WP H 0 wmol/L 34 M #] 125 pmol/L B, WYL kLR
B TR X ] (R - ), il 22 A
(& 5b) AT %0, 24 HNB ¥ B8 75 pwmol/L B, A i
ZI e 2R, FIARMFTE HNB/CR Sk
FE LA 0.6, B HNB ¥ £ 75 pmol/L, CR ¥k £ H
125 pmol/L,

IEr 5 F4): CCTGGACGATAACAGCAT

1000 bp

500 bp

300 bp
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—
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e
=

200 bp

100 bp

(a)HL k45

ATGAGA
ATAACAGCATCGTATTGTTGATTAATGAGATECGTGTTG

IR 51 4 H AR5«

wimrs):

1: 59 bp
CCTGGACGATAACAGCATCGTATTGTTGATTAATGAGAT

2: 121bp
CCTGGACGATAACAGCATCGTATTGTTGATTAATGAGAT

CCTGGACGATAACAG

CATCGTATTGTTGATTAATGAGA

3: 183bp
CCTGGACGATAACAGCATCGTATTGTTGATTAATGAGAT

CCTGGACGATAACAG

CATCGTATTGTTGATTAATGAGA

CCTGGACGATAACAGCATCGTATTGTTGATTA

ATGAGA
4: 248 bp
CCTGGACGATAACAGCATCGTATTGTTGATTAATGAGAT

CCTGGACGATAACAG

CATCGTATTGTTGATTAATGAGA

CCTGGACGATAACAGCATCGTATTGTTGATTA
ICCTGGACG

(b)) e 25 24

& a M. 100 bp DNA ladder,N. B, P. B,
3 SRCA ¥ ™= ¥ i 45
Fig.3 Verification results of SRCA amplification products
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Fig.4 Optimization of CR concentrations
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Fig.5 Optimization of HNB/CR concentration ratio

2.4 SRCA UL st 7 AR W IE

2 18 HNB/CR S A B2 LG, 75 B2 iKY X
RS AS N 1 L TR R, RS #E17 SRCA
KL HR G EE S (K] 6a) AT, I FE A 0 48
S FHPERE S RN Bk, 1K 6b R HLIKES
S IS BTG A5 B R Y R e
DAL, ARS8 B B ST T 36T CR A HNB 9 SR- ¥
CA XU} LE A I 75732
25 HRMESH

FH Fb 45 5 (18] 7a) F1 BT B W8 I H 7K 45
(Pl 7h) RIS, A A7 V0 T TG 1~8 55 1y . mfi?ﬁ’fm‘m
e SR AR IS 08 B 211 42 4 -
PE o PHIE  ABREAE ST 1 SRCA XURAY I (8712 Fig.6 The verified results of dual-dye SRCA
8 o S P D U0 1) R R B TR AR

o)~

(a) Hb o 45 1A

colorimetric method
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1000 bp
9 410 R11/R12 §18 Sts His tiis
<(i“hp

tiivw",‘,.,

300 bp

17 18 19 20 21
“it'

200 bp

2 23
LA

100 bp

¥ =z

(a)SRCA BUYL AL L £ 25 5L

(b)SRCA #E i B Uk 25 2R

TE1~23 MR S ISR 1, N. BIPERS iR,
E7 #HREilK
Fig.7  Specific test

26 REESW

WE 8a s, W & 1~8(6.8x107~6.8 CFU/
mlL) R &k {0, V4 9(6.8x107" CFU/mL) /5l 48
o, R, 8 g0 M 75 SRCA XUk EL (5 7 25 1)
REE N 6.8 CFU/mL, & 8b fi/n , Jki& 1~6
(6.8x107~6.8x10> CFU/mL) 1 B35 BE 4K vk 78 165 1Y
6, NTKIE 7(6.8x10' CFU/mL) JF U, 45417 58 42
R, B4 PCR J7 09 RIEUE N 6.8x10°
CFU/mL, [t ,SRCA XYkt e A B m
RGP, JE PCR LAY 100 £,

g2l snaflsAs A7 e 2o BN
Vv vy WYy

1000 bp

500 bp

300 bp
200 bp

100 bp

(b)
# .M. 100 bp DNA Ladder, 1~9 X 1 0[] IRE R N

6.8x107~6.8x10™" CFU/mL,N. BHEXT IR,
B8 REEHNH

Fig.8 Sensitivity analysis

2.7 WMHRDH

XFN 05 Y A4 ke S il A7 U0 1) EQ TR AG: H B 43
Br, W 9a AT LLE ) Y W B2 KT 9.5 CFU/
ml B, S A 5, R SRCA XL
ook K H BR > 9.5 CFU/mL; M E Ob W £<5] |
Bt %5 T T AR ) 9.5%10% CFU/mL LA R i, $™
WA SR G, O PCR A HBR R 9.5%x10°
CFU/mL, it SRCA 3R LY 0,77 75 AT AR
K HBR , Eb PCR 5 #4100 %,
2.8 ZhREE MG

K g e hn e 3 frow

5i16 17'38
Yy ¥ % ¥

& =z

25.37..4
vy u

1000 bp

500 bp

300 bp
200 bp

-
-—
-
=
—
-
—

100 bp

(b)
M. 100 bp DNA Ladder,1~9 Xf 5 ¥ '] FC 3 ¥ B R 9.5x
10~9.5x10™" CFU/mL,N. [F 1%} 1
9 KRS

The detection limit analysis

Fig.9
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Table 3 The results of actual sample test

GB 4789.4-2016 7 &

R A SRCA 7 i

# 5 AR £ e A2 TP BE 5 2/ 1 AR o 20 [ PE o /B M A S S
n % 25 4/21 5/20
5 % 25 0/25 0/25
R R 10 0/10 0/10
BN % — 100
1% — 98.2
F %1% — 98.3

3 itig T HC T T T 11 L € A I B 4 T

ARWFFE T CR Al HNB A9 AS [W] £ R A = A
BAAJEEL, P& T —F SRCA WYL A7 Bk
WM r P IR . e 7 s —Ge Rt A
B, A 22 ) 0 8 22 R/ ), % AN B
A B PR T S VD 1] PR ) R S M A I 3 g
AR KA S Z R 0 B AR, 2 R Xt
FCRE , SENA A PR UL (138 Y T Lk P v e
BEXTY 3G T HIEH], AT AESA SRCA [ AR
FRI SR L, e PR AR BU ) 7 5 07 RS sk i
P ekl , o R IF SR A BRAIR T 28 Li5 4L
AR

SRCA J B [E], & % dsDNA R, 25 7= A=
WM E 1 (PP MEA R H), Hd PP 5

M4 A, I P Mgk BE AR, [RIB %9 h
Mg ) Vi J3 A% b 3 22 3] Z2 Bl 2 sg e, 1)
dNTP % Mg*th HA# G415 M . %85| HNB %
i o T4 Mgk B, 7E SRCA [ by 38 ] |y T
SR KT R B AR R S TR S S
HNB W& A8 4k, PRt 78 UGk 4 HNB 2
HEE 495 5t CR T st B A& & pH 24k, I 58 i
I 2t fs S5 o PR YR Al BB A% BT
P RAE B AT $2 05 (R RT L

4 én'lol:

B2, AR & T —Ff SRCA Rk
L8 77 3, SR VD 1) QB ) AT R Ak e 0 3% 0 ik
B RIS, B R, BARAR T
PR OF HERE T FERT A . ZEAR il B JORF K
FER AR By s« — 820 &, O Ho
PR A ERY KT BRI RE, iR T 6
AERE FEROR | S A0 3 P IR WL, S v 1T TG TR LA
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Colorimetric Detection of Salmonella in Foods by Dual-Dye Saltatory Rolling Circle
Amplification
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Abstract Salmonella is among the four leading culprits of diarrhoeal afflictions and poses a considerable risk to human

health. Based on the various action modes and colour rendering principles of cresol red

(HNB),

(CR) and hydroxynaphthol blue

a colorimetric detection of Salmonella in food by doul-dye SRCA has been created. The first step involved de-

signing the SRCA primers for the invA gene of Salmonella, followed by optimization of the double—dye addition to estab-

lish a doul-dye SRCA colorimetric method. The method underwent evaluation via specificity, sensitivity, and detection

limit tests,

and its practical application performance was assessed by detecting 60 actual samples. The study identified

that the ideal concentration ratio of HNB/CR was 0.6, which equated to 75 pmol/LL HNB and 125 pmol/L CR. The test
yielded positive results for 8 Salmonella strains and negative results for other strains. The sensitivity of the method was

6.8 CFU/mL, which was 100 times higher than that of PCR (6.8x10* CFU/mL), and the detection limit was 9.5 CFU/mL,
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which was 100 times lower than that of PCR (9.5x10* CFU/mL). Importantly, the sensitivity, specificity, accuracy of this
method were 100% , 98.2% , and 98.3%. Therefore, the doul-dye SRCA colorimetric method can detect Salmonella
quickly, specifically and accurately. On the one hand, the combination of two dyes produces a higher hue contrast and a
wider range of color variation between negative (purple) and positive (green) samples than using a single dye. On the
other hand, the colorimetric dyes can be pre—added to the reaction system, which can effectively avoid secondary pollu-
tion.

Keywords saltatory rolling circle amplification (SRCA); double dyes; colorimetric detection; Salmonella



