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Abstract

Enterobacter sakazakii and Staphylococcus aureus are common detection items with high patho-
genicity in dairy products. In this study, we first achieved effective enrichment of target bacteria
through immunomagnetic separation, realized signal amplification and sensitive detection of En-
terobacter sakazakii and Staphylococcus aureus through quantum dots and biotin streptavidin
system combined with immunochromatography. By optimizing the overall research, both bacteri-
al detection sensitivities can reach 2 x 103 CFU/mL, which increases the detection sensitivity by
nearly 2000 times compared to traditional immunochromatography. It can achieve simultaneous
sensitive detection of foodborne pathogens, providing a new approach for food safety to quickly,
sensitively, and accurately detect large molecular targets.
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1. 518

B i AT B2 I A BRI — b, LT R B R — PP EUR R . B SR IEL. R L
FEL 98 < WCIILRE S SR BENE 25 9 SR RN 3 K3 9 CU7E A BRAR K I, S EMISE T3 ATiA 40%~80%, 7]
EC 5 2 EAHSGHR T T FA . [ B & i A Wb #E 2R 51 22 (ICMSF){E 2002 45 Bl i AT s 71« P 5 e
TR NBEE A SR HANS M S5 P 5 B B — PP EURE B [1] [2] [3]. 2004 4228 5B 45 03 22 ) LIS 7
Wiky SEAERS, B A E R 87 4 BHLEC T Wik A B R 11 MRz pE, e EIE 12.6% [4]. 40 (A & BK R
R NER—MEZREE, FETHEREE, L2 Rk, EERREHPOmRE, haek
O 4 BRI SR RS 5 5 AL, AR T R I[S] [6] [7]. W EEFERER R RRABIERE 2,
A2 FL )t P S A DU 0 H (8] H HTHR I G A Al S T E AR E 7% GB 4789 (B A E K
Pl B AEYIERR)  ZONEDRE S, BAELRREE S, KIS FETEE 3 B 5 RAIRT IR, LA 2
A PRI R oK, BRI SRS B ST — T LA Y, R 8 DRI A A S ) G v R BRSO 1 PR A AT
14 ¥ €073 %) BR 18 16 7715 [9]

G RGBT LA R UG P (R SR R T AT A 2B, 2 SRR YU E 4 G, ORI TR
SYEPURIREER . B R RER SRR NAOR &, WA AHRLPURAFAE, PRkl AR, TR
- RIEMERE AN, HAEE UGS % N B ik, 1A F)E A B ARPUE R H F[10] [11] [12]. AHF Tk
P PERE Sy B BR TN T R E T RS &, 1 Sl i G2 ERRs B AR iR S b M2 2% 1) ik o 2 S 55
W B ESE, FIMARET e EIiR g% D TR, o7 PA BRSO R T, R
FRERIRE it ' SRR AR BB /MARR, TR i 7 A R A B, BRI POl S5 SrEs.
AHIEFE G BE R 5y B9 4 O T AR R AR 3R - REZE 21 RN 3R R RIS 5 TSR () A o 0 £ AT 1
NGB BT ER A I 55 H AT ok WARoE, BT, S PUsHE AR R RS —e s . AR

DOI: 10.12677/amb.2023.122011 95 AT


https://doi.org/10.12677/amb.2023.122011
http://creativecommons.org/licenses/by/4.0/

T
T

&

Fy 38 S T SR S 5 A it 1 WU M T T R o 25 € 2 200 R 4 1 328 J2 T 0 7 2 N 9 42 L AT T L
2. B 55%
2.1 MR 5E&E

WEER TG T SR ER QR B A 7] 5 AHER LT 4E 2 B (NC )T Millipore; B ES4F-4 2504 % T Ahlstrom,
R RARIFE A oK PVC AR SEF EIRZAS—EMEARA IR A A SE AP0 2 STl th R
= RAAERIEA R AT ML B S BRI R AR R R IR A R A TET R ;S50 1 PR £
JFF B % 4 B 6 2 TR TR 2 B P T 7 o A (R I O R R S R S FH I B ) T A
VS = AR FoAh SR pp ) o DA R . — H RS B (DMIF) . — S EAK(DMSO). 2 1MLy 18R 1 (BSA)
B OFERK. 1-(3- WL N E)-3- L5 — Z(EDC)  N-F2 BT FIIE WV fi (NHS) S48 77108 [ -]
FT AT 4-(N-I5SRER % 36 F 38 38 O e -1-FR TR BR A IV i 15 (SMCC) iRt 5% JWJE? AAT Bioquest /A 7] .
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Figure 1. Schematic diagram of the detection process of immunomagnetic separation combined with immunochromatogra-
phy
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2.2.1. FFEMRBE

TEREFCRTI, A BIE T SRR F M SO AR RS A, DABEERbR LA, RRREE T S b
Pk, SRJELEASIR T sk - BBt 1- BAR B - S0 2- AR R T AU SRR, DAZ AR I A A AR
N [RIPE F 5 S B P SR SE AT W, A SR R AR T B, EAS IR A B3 R B AT 58 A I, o] DAY/ G 2 T
— BRIV . AR T A A 28 52 PRAE I B, vk R RSB 00 /0 M R D9 e s, B ARG PR L
BUR, BEILE] 7 x 10° CFU/ML, AREEMER DT R, BT CAR E 0 i, EAT ks Kk
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DFEFTI, R TR 5 A B M T AL I AN [ €2 5 9 2 D P AR AL M B — S BT

R SCHR VAT S SE =t 7, NN S e SR AT Ja K IR 7 i R REER B IR B e AT B bR = 4R,
EATRRA SR ENE T RS2 EY, NC IR BB LM 23509 B AR B RSP0, Bk b o fdi
REZHL, KMPRATAR] 4 x 10° CFU/ML, {H IR T 8 A 2 3 H0iA, AR BT FAR R I 2o A i
B R . fr LAWEFEE— BN T AR - BEBRMERR R, — 7 1 0 &R AR AT LA
4 TR, SERRE R, T RASEIURGUE STEOK, 55— J7 T DA BOon iR O, e
M RER R R T RBUZ, SEElmE R BB E R, B — R alEE.

2.2.2. RITHERAOPBIERMKL

1) WEBRIENS RER

WAL SR T LS IR AE 5 (162 N J7i%: BXU 5 mg REZR A MES 22 43#(0.01 mol/L, pH 6.0)%% 4
W, Wiy JE R LIEWG TN MES 2 BLEL A EDC AT NHS ¥3(10 mg/mL)#% 0.5 mL, =i F7EjiE
ARG EIE 1 h (15 r/min), W4 BERER IS, H 1 mL MES i E R 78 B O Rl A
200 puL b3 WIS A I REER 70 28 e W T, ) B0 A PR AN 1 mL WS 5 4% (0.01 mol/L, pH 8.5)
R — B IRENPUA SR E R REEY: ER TERBIRAACERBL 4 h (15 rimin), BBk -
BWE, TN 1 mL1% BSA MR Eb 22 v, =id AL IR A B 2 h (15 r/min); RGBS a0
TEW, IR 22 il 0.1% 3 20 Peidk 3 3. &5 H 0.5 mL Wi #h &2 it i 20 (5 0.5% BSA)HE &
Witk, BT 4C#%H.

2) FESEBRAEA P R IR

FREL 100 mL K B8 4= 905 B T J0 B 00 = AR A, 8 05 77 L R BB Ui DX B A BT % 40 80 €60 7 2 BR T S
V5 YL A H AR IR E 408 10* CFU/mML, 37°C, 160 r/min $&/K5E5% 8 h, HU5 mL LRSI O
H, W0 E S S ik 500 b, fERERIR A L= IR 20 min, S5HJE NS 3 min. X
MR, 708 LRI Vel WEBRE BRI A E R RE, X 100 pL Al TR PERE 74k b (oot iR 2 [R]
BRI BUIR R TR R R B 7 ), FFFh B & PATHI#E 3 /MR . 37°CHEFE 12 h JiT, % H 4w Bl IR iz i
BRI~ < (R T PR B SR B T, TR OR

223 BFRRBZEHRRHIZ

1) BT A A bR T R ST

BT AR RN RN REBITOCPIRM R, B S B H mith & 50 i R R 2%, it LU AR
RAIBRIC T A T A S JL B, St 5 e K PR RO P AR AN R A 7 v F R okl 4 e e ik 10
AR T A KRR R B, E AR R R . SR B D R R s, (AR R R T
MR ARKIE], B GRSt E SRR DI SR U6 o KR 2 . AT 2 IRIIR R ARG, TEAE Gk
HoLsEat b, FAAPRTMCE K, SREEHH & fRe — AR, IR T i, bk
B F A SRR T R R TR BT R B R AR R T SR, SER SRR H TN R
NIz 1) EDC-NHS SR 5 A A — ) SMCC 71 77k, KT s fAmC A TRt 45 R IAE TisE
KB BE SMCC AR FIBRIC AN IR EDC-NHS S i bmic doR fase, A 2UEB m, HE T Sk
R AR, WTERRICE AR, SMCC R ANEN AR SR A SR T s . 7
JEA bR TR b, G R M B SE A Ak, WE AR S BT S AE SMCCRFIE A I EEE
J& s TN S%[I S (AT 1% £ BERE AT LASE AT A AR PRIC B, kD s St S e S A A 1 A
HE B LS E T REND R, BRI G SRR 53, R T A B xR
B R EGATIE N, FAEEUEE 2 VEE P, BRET AU IS RARIC I AT, Yl NG I S 56

DOI: 10.12677/amb.2023.122011 97 TRAEAI T I


https://doi.org/10.12677/amb.2023.122011

=]

3F

&

Zo WG ET RARCIRRE BRI, (8 W& OB B AL 5 drid i b, BISE AR T R AR
[13].

2) BT AR EITRAUN

AR A RIS NC B AR P R R 2Rk B2, &1 mibn e A 3R BE UL e bRid 5
s 1) 48 A 4 b s IR S B VIR G . FTCAER L T IEACSREE, DL 10% CFU/ML 405 4e)5, A5 vk sk & 442
Bk FRRE S AR D B R AR A2 & PR 2 M L AR IIIBR « 1C50 S56AH G PERE, 3R s ik B 2
H N NC R EATIIZR 1 A0k B i IR B TR IR BE Y 0.6 mg/mLs A2k 2 A0k 4> B 6088 &7 3R B Pk
F£5 0.45 mg/mL; bRid VDRI EE 25 png, WIERF|ZEE 3 FRIREE 0.4 mg/mL (R BB BL B8 Rk
FEWE G, XUAZ ARSI, e BRI COM AT BRI 2. 1 AN 4 2 602 2 BR R A 26 2 BE B9 2.5 mm),
2R 15 2RI 25 8.5 mm, FEIIZE 2 54 MEE &8 11 mm, NIl .

R RASG HFIREA LR, @GS - IR, R0 & 4 i b AT PR AR PP . R (AR
PR, FEEME, RPEVGHE, B, FAGRE T DS S IR LRSI 25 SR 4

3. ZBR5WiE
3.1. SePETRAE SRR MR R RYIIRER

1) SR B AR AE /= 5 H ot m ke Bl Ui PR AT R R < B €90 78] ] R T (1T IR 2005 73 30l 93.49% 11 95.8%, 1t
WY EER S Wk B SR DT I AT AT, R W RAER BRI DU R e Ve B 8 T T ARS8, HUIRIBR S B 7
SRMER G ARPWGUARTERE, 7T SEHLH AR ) e 8 5

3.2. EERNRE

SR S B 05 E T 1 M 4 B 0 B A BRI I BE 38 A 2x20%, 5x10%, 5x10%. 10°, 10°% 107, 10°
CFU/mL T #EERSE RS RV A AR UEY R, M EbrdE 2R an sl 2 Je &l 3 Fiom e BRI YRl i
W RAEEIEIN, AT I RGN w2 R, SRS, SRR L 10 MR AR B 1 T
IEXSARAE T AT AL B], M e BRI A . P IR A B A S SR FE AU y = 0.7113x — 2.3391,
R? 4 0.9878, & EREGS - IKIE ANy = 1.2328x — 4.1568, R? Ky 0.9885, & EARM ALK FEA
I AR SCHE I N T ZeAT T B A 3, HeB3A BA IR BE[17]
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R?=0.987
35 °
3
o™ ys
;ZE)&(
3 2
'—
15
1
0.5
[ ]
0
2 3 4 5 6 8 9
CBRIG FRIAT D IR X $uE

Figure 2. The concentration logarithmic standard curve of Enterobacter sakazakii
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Figure 3. Staphylococcus aureus concentration logarithmic standard curve

E 3. £ARBEAEKERENBITERHL

3.3. MEREIIED AT

WRIGIA R G AR, oL Ve BERINE S - R, XL I AR SR AT YERE PP 5
AR, [l Adag tEas R T HR.

331 HIEHHIER

LA A I EAREDR, TR 20 JOEAEREA R SRR I PRI L, (HANRF G A T SEBer I 22
R EHENLE SRR Kby dh 2R g S B ORI, S PR AR T 2 x 10° CFU/ML B, AU 51
& HLEVE R TE, BIT5YEAE 2 x 10°~5 x 10° CFU/ML Z [ 514 R 2R 1E, AHECE I BER I i 2% K
e/, AEATSZE FT RS TSR P o DAL AR SBT3 2 x 10° CRU/ML I 76 47 A D7 VR A i A A

BR, BT LA LS RS A e, AR 5 ¥ 9 ol BT 1 R A A HH PR #7 2 x 10° CFU/mIL.

3.3.2. B

S BTG YR A 4 x 10°, 10°, 107 CFU/ML £ AR 5 A HERR & )5 IOM F . Wl iR e

PE RIS IREA AT AN IS SR, 5 50 & 10 SR DL R B AR Bl i3

Table 1. Recovery experiment results of Enterobacter sakazakii

1 FRIB AT E RS R

S YR fIAE B 4% (4 x 10° CFU/mL)

5 2 (10° CFU/mL)

F{E 7% (10" CFU/mL)

I (CFU/mL)
1 4785 97,685 9,770,551
2 4883 98,438 10,146,833
3 4952 97,197 9,826,216
4 4721 107,052 9,746,651
5 4632 105,688 9,782,190
6 4832 107,036 9,899,599
7 4576 98,151 9,810,813
8 4421 98,503 9,850,047
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AR E

Continued
9 4682 102,331 9,812,254
10 4701 99,912 9,957,243
FEME 4719 + 298 101,199 + 7853 9,860,240 * 286,593
ElEs 110.5%~122.1% 97.2%~107.1% 97.47%~101.5%
AR R 97.2%~122.1%

Table 2. Recovery experiment results of Staphylococcus aureus

*2 SREFFHKARPIHER

S VOR GB35 (4 x 10° CFU/mML) PR B % (10° CFU/mL) B 4% (10" CFU/mL)
UK FE (CFU/mL)
1 4696 99,580 9,636,734
2 4412 99,038 9,640,038
3 4595 98,679 9,591,510
4 4620 98,204 9,656,722
5 4511 100,373 9,812,046
6 4575 98,952 9,760,527
7 4495 100,178 9,800,053
8 4606 98,834 9,726,081
9 4597 99,655 9,929,504
10 4434 98,964 9,936,728
S 4554 + 142 99,246 + 1127 9,748,994 + 187,734
ELE 110.3%~117.4% 98.2%~100.3% 95.9%~99.4%
E ZNEL e 95.9%~117.4%

MRAEEE R RN (R 1, 7 2)BEAR I USCERTE 95.9%~122.1% 2 [R], TEWHAZV0 I, RIECNAER, B

ST BRI TR AR
333 RBEM

WP E Ja T ZHIE ARSI R 7 kg ok, R 508 4 TR, 37°CLRAF 3 K. 37C
TRAF 6 K, STCHRAF 10 RAsEindl, HEATIAIEBIA S, &1 Rl gk A A g PR R N F 4 3 R

Table 3. Results of stability assessment
3 REMERER

St E I I R? BT ST 4% SRR (CFU/ML) & 4% G U 1 (CFU/mL)
CPIE CRUML)  (TH91)  fefig 4 x 10° B 10T fEfE4x10°  EfH 107
4C 2034 0.9842 4537 9,878,421 4423 9,743,729
37°C 3d 2144 0.9825 4682 9,942,648 4557 9,653,769
37°C 6d 2123 0.9722 4663 9,735,228 4592 9,689,419
37°C 10d 2328 0.9737 4692 9,721,573 4637 9,705,322
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FHECHE S T A, #Oins s, A sLi0 A RS HBR . e DL R B % S S IIE S 78 rT d Y Bl Y
AIME AT FREE 10 RUAWN, RIEHE 4°Crlfa e fRaA7 1 H[18].

4, gEip

KWL | R B A G BT R BT SOR MR B 215 SR T, &1 USRI
R R RBAE RIS S R TR R B R il 2000 £, FTSEICRHEE . 2 PR B 55 1) Bl i [
Jor T A R 4 €008 2 BR TR I A ROAS I, I O B T N — R GBS A R AR AR A
W, FTUAARTIH B — 2 AT R R S 25 a8 . D T — @ I SE0 S AT T R, BRAR TSI
ARG I T PR SR A SR A, 6 TR B 0 10 CFU/ML T 5 4L b, 423 6 h T )5, 17549 60 min
BV RT 58 B 3 B AR ARSI, SR FE AR G, T TR T R TR . A B RGN IRAR R Y
50 76, ATELIARENR, Bk, AR7ZHRIE TR Z PR E0RE, & 52 apisnT DI E
55z,

53 1 A RS IS R 3820 AR D7 R B ARG R e, AT DASE A Bh 2 R4 2 8 1 s S A A4 2R
Bl A, R A ARSI 2 A, X R AT H AT AT 1A, BT DO HARRE AR A — e 1
g, WAL 2 A0 = L FIAE L R AT AT M, AT SERR SRR AL, 7RI R . AR
PR RACTISGEEAT WUE A S8, R IR AR AR, AW, BHERE RS T 35 M [19] [20]
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