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Abstract: In this study, a method for the simultaneous enrichment of Salmonella typhimurium, Staphylococcus aureus and Listeria
monocytogenes was developed based on the electrostatic enrichment technology using amino magnetic beads. Three different sized amino
magnetic beads (5~200 pg; 1 um, 300 nm, 100 nm) were added respectively into each bacterial solution (2 mL; 10° CFU/mL), and the
enrichment efficiency of each bacteria was detected after the incubation was conducted for 5~90 min. The results of the orthogonal enrichment
tests for the single bacteria system were applied to the single factor tests and orthogonal tests of the mixed bacteria system, and the final results
were applied to the large-volume experimental system and actual samples (commercially available milk and fruit salad). The results showed that
when the addition amount of amino magnetic beads was 50 pg and the incubation time was 30 min, the capture rate for the three kinds of
pathogens could reach over 60%. All reactions were performed in PBS at pH 7.4. The bead diameter was selected to be 300 nm (p<0.05). The
capture rate was higher than 55% when the minimum concentration of the three mixed bacteria was 2x10? CFU/g (mL) in the actual samples of
milk and fruit salad. This result could reach the detection limit of fluorescence quantitative PCR. Compared with immunomagnetic beads, the
amino magnetic beads had many advantages, such as high stability over storage, low cost and high efficiency. The ability of untargeted
enrichment provides an effective pretreatment enrichment method for the rapid detection of downstream foodborne pathogens.
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0, ARPE A P AZHZL (World Health Organization,
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SCIERZH B PR R BRI AR

HEMEGKR T (Magnetic Nanoparticles, MNPs)
PR EARR, oA R AR YA A1 B AT i
TEPERERE R, ONAE B Al R BT R I B B8 S0 B 4
ft 7 — P TT 20012, FIEALRIER (N-MNPS) =&
1E Fe;04 MNPs K21 | KEZHE, £ pH {EN 5~9
AN, HERM AT N IERAT, S5HREoM T IE
AT ARG KORL 5 A B TR R AH VR SE 5, S5 TR
BRAHBEUST, AHHFU LT3R IE LA ) (N-MNPS)
5 3 1 A7 P e PR 20 R () ) 5 AR R, e TRAE
MNPs E &R R TR AE T 2R INEY)
TRIPD B J D T )28 A s DROAORRE B A B A R
P, PRI REXS T i Ay 0 FEL B el A R B R A
LRI R RN, FTH N-MNPS & &£ T ira
A998 IR T SRR e Aor i, T DA S e 30T
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—RIWAHE T B BRI LR B 25, T4
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L1 FoH

L1l RIEA

RAGTFEVTTIRE (Salmonella typhimurium )
ATCC14028. 455 (078 & EK B (Staphylococcus aureus)
ATCC6538. FHIGZEHTRFIRE (Listeria monocytogenes)
ATCCI9115. KA K O157:H7 (Escherichia coli
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O157:HT), N E S B R O
1.12  F&1X7)

fixi.CiR ¥ (Brain Heart Infusion, BHI) AHE i
P i S IE R 25 T #% ( Xylose Lysine Deoxycholate ,
XLD). Baird-Parker (Baird-parker agar, BP) IfEks
I B . PG AR M RR IR R (0 55 7R BE (Listera
Chromogenic Medium, LC). KFIRA [KH 0157 &
ORI R IR Eh 22 M (Phosphate buffer saline,
PBS), 0 H LRV &AWk (NHo-magnetic
Nanoparticles, N-MNTPs), 7123514 1 um- 300 nm.
100 nm, 30 HERAA;  Hopt oA alomng B E 254
AL 2GR PR A .

L2 (U8 5%

BSC-160011 A2 gAY %4, TN LRSS
FARGPRAT]; Heratherm IGS400 A= 4b 33548, £H
Thermo Fisher Scientific Inc; ZQTY-70F & &R
Bgese, EIRRMRBLES AR AT SX-700 K /178K
@7, F7R TOMY A#]; ST40R B0, 5[ Thermo
Fisher Scientific Inc; wil14629 7 [GEiix, HfH ik
EGIRA R B2, FiEBRIEHAE R R A TR

AR
1.3 ik

1.3.1 WA ERAH &

FIFERD A7 ) NEEFRBE R CORAFALE 4 "CHIVKAD
PREXSEIR R K Salmonella typhimurium. Staphylococcus
aureus - Listeria monocytogenes « Escherichia. coli
O157:H7 % BHI ¥, BlJA TR IRHE 36 C,
120 vmin 7% 24 h, H4HFHFBEIR 5000 vmin 5
£ 10 min, R4 B0 5 PTE A A 10 mmol/L.
pH 1H 7.4 JJE B PBS Sk =k, B0 U
A, HEET 5 mLPBS L. 8id 22 K i
£ 10°~10° CFU/mL B
132 F) pH % i& ¥ N-MNPS & 5% /2 H
zeta WAL

240 ] ) T FEL LR K By KL T BEE, R H
A RS R P AT R AR S5 AT, AR DO o R £
s A=K pH L 1 0.1 mol/L HCIA110.1 mol/L NaOH
# 10 mmol/L PBS 73l 152 pH {H: 2. 3. 4. 5. 6.
7+ 8+ 9. 10+ 11o HiHE AN [F] pH E 240 1 1 2R A
Je = Fki4E (100 nm. 300 nm. 1 um) N-MNPS [¥] zeta
LSRN I 5 N-MNPS B b 45 AT i
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133 N-MNPS & Hl &3 wa#vsm/2 A 43k 09 %h

I3 N BASE B () N-MNPS (1 mg/mL) 5. 10+ 20
30, 50, 75. 100. 125. 150. 175. 200 pg T2 mL
BOER, BaBEEREE, 28I 1 mL
103 CFU/mL VU B& (R B R, TE3R 55 7746 36 °C,
120 r/min N i & 60 min, & A 3415] JGHES 55 N-MNPS,
W IR 0.1 mL 43734 T XLD. BP. LC. K7
FFi# 0157 B PR b, FRSE AL N-MNPS i3k
B FEPSEE, (ENVIIEIIA SRR, AR
WHE 3T, EFRGHE, HHTHIRERE.

fiisRFIH AR

X = (1—2)x100%

D

0

ER

X—HRE, %;

D——Lr kiR ayE %%, CFU;

Dy——R B AHIR 09 S H %4, CFU.
1.3.4 N-MNPS &9 8 I i 18] 34 v A 5% 7 5 46 3%
SEEAY

T 2mL EOEY, 275MA 1 mL 10° CFU/mL
DU B T EE R I ER 1.3.3 THE R a1
N-MNTPs 7 I0&E, H 5. 10, 20, 30 45. 60.
90 min Ji5, BEWEL LiE, R AE ) NIMNPS f#i3k
ERIFSR S, HKIR 1.3.3 (IR B 2 1F & A 2T il
PRI
135 ¥HERSER

F 1 BEIEZSERFERKER

Table 1 Levels and factors to orthogonal test in individual

bacteria

A#k | BEk CHAM

Ak TN mmy REig Himin
| .100nm 80 3
o] 2 300nm - 90 5
K&
3 0 ifm 100 8
1 100nm 80 45
ke
ateh 2 300 85 50
SEE S nm
3 1um 90 55
1 100 nm 70 25
3% A
g 2 300nm 80 30
3 1um 90 35
1 100nm 150 10
KGATE
015717 2 300 nm 175 15
3 lpm 200 20

AR A DG A S P B PR R SRR A5 SR, M Lo (39)
1EAZ%R, VAMEERKIAR, HWEERAE, WP a5 22

%, T 3 R 3 ACPRIIERS 28, EEL 1.5 mL iRk E
4 10° CFU/mL % e — AR 3R 1 2% 1
FIKPFERWE 1 PR,
13.6 REFRERE
A 1.3.5 B IE ARG I 45 R T HR B R R &R
S, EHEIEEE AN NRAG T EARE, Wit
R =78 55 A BARER - 730X 0.5 mL 10° CFU/mL
FHWE 2 mL BB RS, R RN I
910, 25, 50, 75. 100, 150, 175. 200 pug i &
60 min, fFHRMABINE, HFEEWERE S5, 10,
20, 30, 45. 60~ 90 min, 1KHE 1.3.3 MIRE FKIFLA
AT RIRZ T
1.3.7  kAk4r . N-MNTPs * i 5 69 34 3K 20 F
R 1.3.6 HI/MER P RfLscIegs B, witfE 10,
50 mL [ PBS H, P3N =i R MRSV B b Ak
% 10°, 10*CFU/mL, THUZERIKIE 1.3.3 iR E %1
S A TR R A 5
1.3.8 SEERAE S P N-MNTPs #9443 s %
AW KR 5 By, SIRG 5N S g B,
7] 100 mL HETE 73 A0 5 g £l 45 mL PBS,
F121°CKM 15 minJ5 A 2R EIE, N B AR R #
PR , A3 A R TR B KRN 102~
10° CFU/mL (g). LA 1.3.6 B 4s Rt TR, HcHd
1.3.3 HIR B 251 2 A s AT R I 5
139  %it 5547
AL TR IR LR AT =
Statistics 26 B AE i1, SHEHE AT
(p<<0.05) »

2 H#R5VHe

iz A SPSS

Ko
BEMZER I

2.1 N-MNTPs b & 4 # J& 4 7 7] pH %

BRI AR

Zeta LA AT DA I HE AN [ 229 7 25 200 1 2 T 119
7 AT N-MNTPs KI5 Bm A A pH E
PRSI Zeta FEAESSE R ILE 1. S OmEEBR
TR FRRZAE L A 2R TR QTR 7 pH E 4~11 Z[A] Zeta
FLIAE ISR T-40 mV, VDT TR 7E pH H 6~11 Z [k
F-10mV, KBFF# 0157:H7 7€ pH 18 5~11 Z 8] H
HALT-5 mV. HE 2 7TLLFE H N-MNPS £ pH {8 2~7
Z AT 20 mV, 7E pH {H 8~11 B FHA{E T~ F£7E pH
5 9~11 FLSAE NGB . F ] LAAS HH DU B 75 pH fH
2~11 ZJa), R RA . WE 2 af5, —Mhifs
) N-MNPS £ pH 1 2~9 i, FRIHHHIERAT, FTLA
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W PR BEAE pH B 2~9 B %o 0 FELTRT O 4T B0 5 R B
REJ 2 W, 25 R B R0 49 i B A& A K pH
7.2~7.6, NURUEIG R, 8 pH 1 7.4 1E R )5 2L5L
AR R0 pH (K.

20 -

& KFFHO0157:H7
-o— AN A 2R R 1
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-+ DITKE
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Fig.1 Zeta potential of bacteria under different pH conditions
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Fig.2 Zeta potential of N-MNPS under different pH conditions

2.2 N-MNTPs Jil & K [5x4 0 7 i B 4 ok

25 R A

& 3 A DAA AR 1 mD 10° CFUMmL 4% B
IIAASF S N-MNPS, PUF} 5 /£ N-MNPS i 0E
100 pg B, FHRIBRE] 70%LLL, HrhgR T K
A IR O157:H7, Hey =P 5 nl EREER I N &L 9
75 ng I IRFIE E] 70%0PL e BL 100 ng ISIHENEN
BAFEAEXS I G I [RIEEAT AL, Qi 4 FTLLE HYbT]
P T 76 0% 7 B T80 24 5 miin 37 38 3R gl w] LLIA 3] 90% L
b, m O EBREH K O157:H7 £ 45 min N fig
IKF] 80%, FAZANMIG A ZEITRF B AE 45 min BHAERER
N 66%. IR E TP TIRE: A BE
2 (p<0.05), PRIZRE T kifs > I [8] > 75 0
B S OHEERE: —RREWTLREL (p>0.05),
DR 28 2 R R A>T I > (8] s BAZ A 2= iy
B RARE BERN (p<0.05), HZEIWIRF Ak
B> >us e, Kigiea KK O157:H7 FifdfH &

300

FRM (p<0.05), [RIZEERINF AR > i) 8] > i
IN&:, BB R IEAS SO0 2= S T iR R AE R LR 3.
CEAIEACEE R, WITKE. &3O EERE. P
AR 2R HRE R — 2 BRI B PRI R AL A2 45024 300 nm, K
3545 IR O157:H7 WIEARKIAZAN 1 pm, HIRIUEE
IR B I 2 AR, J5 22508 A 300 nm 1) N-MNPS
BHEDITIRE. S OFEIRE . A A 2= ke
(TR B T 3R

O WK

ISR 4 A 2 TR R

[ S i & Bk
JEAF#O0157: HT
100 - [ Kkt i

80 M
60 -

40 |

WERRAHARE / %

20 |

0

5 10 20 30 50 75 100 12IS ISIO 1%5 2(I)0
TEBRASINE: / pg
3 BEARZRP N-MNPS F EXTHERE AT
Fig.3 Effect of N-MINPS dosage on capture rate in single

bacteria system

120 [ A% A O A 2 0 EC B
W G A AR

100F o . & & &
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Fig.4 Effect of incubation time on capture efficiency in single
bacteria system
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Table 2 The optimal results of range analysis to orthogonal test

B AREH ¥4 AmE/ug B E)/min
WITREA 300 nm 100 5
¥R HRE 300 nm 85 45
B AZHHAE  300nm 25 85
KW¥%A KHE O157:H7  1um 175 10

2.3 N-MNTPs 7 38 H & & # 1 [ 8 5% %k A fn

B B DB AR A5 R AT

1E 1.5 mL B 1R R IIAAIE & 300 nm K2R
N-MNTPs, ANFEFEERTE, SR0ES. K 6. i



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.10

BRININEN 50 pg, WEE 60 min, =FRR TR >
AR F] 90% LA by BIEAEAINEN 50 pg, WH
30 min = FRyE BB 2730 vTIE 60% LA F o UEBRTEYD
ITIRE . SR OEERRE . A4 2R =P
(R 2R, B A 18] AR R 0 R K52,

REHERFRHRERTH (=50%).
0. OWITKE 0 R 8 4 2 R U
W & AR
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BEERIHIRE / %
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TR N / pg
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Fig.5 Effect of adding amount of magnetic beads on capture
efficiency in mixed bacteria system
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Fig.6 Effect of incubation time on capture efficiency in mixed

bacteria system
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SR 7 Fow, IREEWBIKEE N 103 CFU/mL B,
B S WA AR IR s BRAEEUI RN ER I &
IR A 60%/E 47, Lo (i 4 BRI 3R
BN T5%IE AT, B AR AR R IR R TE S LA &R
J950 mL B, Hi3RZEH 80% FIEZE 70%; TR BRIk
74 10 CFU/mL B % B 4 3R 2 3 AT I8 3] 55% LA
b BRI R AR R 5 AMAFUR BiR R,
TERERAEN TS R AR RRFR G AR 0L T i3k
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Fig.7 The capture rate at the final concentration of 10° (a) and

102 (b) in 10 mL and 50 mL systems
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Fig.8 Capture rate of bacteria in artificially contaminated milk

(a) and fruit salad (b)
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2.5 N-MNTPs 72 A\ Ti5 4B A i iR S5 R AT

Ay AR AR VB R SEBRAE il R = S VR A AR
%5 10°~10° CFU/mL (g), A N-MNTPs #4743k
AR B IR FEAE 1x102~1x105 CFU/mL W i3k %
N 48%~T70%3Z 51, TEVR B 24 N 1x10° CFU/mL
I, IR TIEE 50%~60%, 7EKBIbHid, JREA
WREELE 1x102~1x10° CFU/mL F i 38 64%~78%i%
AN, EIRE LR 1x10° CFU/mL i, fi3kE
FREE 65%~73%. 5 8 Fizr, N-MNTPs X4
BRI SR A R S B SRR KT 48%. 7KIR
R E AR LU T AW B R e R 2k, BRI A
PRPART YT, R SOREN, IEE R
FLJ5 1 N-MNTPs 3R T

3 Zhip

AARFFHET N-MNPS 7 pH 1HH 2~9 Y [F 7 1IEH,
T, SR TURAT AN AR I R, W57 T
1E Salmonella typhimurium  Staphylococcus aureus -
Listeria monocytogenes — P& I 1% B0 B4 1 TR 4 18
TR Z2 1 N-MNPS X F3X =i IR B S 1, R
LA 2 SERR IR G AR RS R . BRI
{ESE, N-MNPS FRIWR PR CR 20 1 A B 5 22 IR
R A P 2 PR P 1 G B SR BBk, e ) 2 T Y A
7] pH 4B~ 2Ry B U RIAT 7, DT IE B3 N-MINPS
S Y R A AEAR SR A RS F I, RIRRRIZ R IR 4R
WAEIMEIIRI B FE P BAESE , 4E pH H Y 4~8 IS
Staphylococcus aureus  Listeria’ monocytogenes -
Escherichia. coli O15T:H7 FHHHRECE KT 70%, 100 pg
A B D RE AL LR AN KR 3F 108~10° CFU/mL F T
WA PR G T 85%. ANSKIRM, 7E 50 mL iR
WA R (Salmonella typhimurvium- Staphylococcus aureus-
Listeria monocytogenes) %, I 550 ug. ¥if% 300 nm
[KIN-MNPS, £E5 7 60 min i , {43k 13102 CFU/mL
BB, HIRE>50%, 0P NLTG 3R KR
FIEAT H AR T, FEIR G 2K 1x102 CFU/mL
I ]Ik H] 40% L L IR, SRR ELS . 3R
JE FZH AR DNA R 2 T3¢0t PCR A RIS
BREDKR, S 7 EHHEN R R R, A)Es:
B ity F RSO B A DO G B A o
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