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 F: B8y WM g-FLERE M (B-lactoglobulin, f-Lg) e I TIAAS . F3E Al T BAT RDLRVE o
(7=47.5%) BB AL &L - BT iR (cobalt sulfide-tannic acid, CoS@TA)KER, FH-HH 5 2w BEHT MBI &
PREE, RIBTRAL T HUARbRIC it PR B L SR AR & I AR 25, eIkt B 7 —FPEF CoS@TA
1Y p-Lg S0 Z MR 4C 45 (photothermal immuno-chromatographic test strip, PITSA 5k . G58R X G2 HT
P i BR oy 250 pe/L, Sthde i FR M 26.44 ng/L, HEARBeR L BR S 1 9.5 %, [AIATEA RIFAYRESME, I
1 7 B Ay L R R W K v A S I T A S T R P i K S0 28 W B % (enzyme linked immunosorbent assay,
ELISA) | G0 UE T 1% 5 IEAE SEPRRE SR i i A 2t . 838 120 T HE AR B AT 52 AT B-Lg AR
L R BOE R, AT 0 A
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Development of photothermal immunochromatographic test strips for
p-lactoglobulin
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ABSTRACT: Objective To develop photothermal immunochromatographic test strips for f-lactoglobulin (5-Lg).
Methods The cobalt sulfide-tannic acid (CoS@TA) nanospheres with high photothermal conversion efficiency
(n=47.5%) were synthesized and coupled with polyclonal antibodies to prepare photothermal immunoprobes, and the
amount of antibody label, concentration of antibody encapsulation, and working conditions of the test strips were
optimized. A photothermal immunochromatographic test strip (PITS) method based on CoS@TA was established.
Results The immunochromatographic method had a visual detection limit of 250 pg/L and a photothermal detection
limit of 26.44 pg/L, which was 9.5 times higher than the visual detection limit, and also had good specificity, which
was validated by the spiked recovery experiment in infant amino acid milk powder and a commercial enzyme-linked
immunosorbent assay (ELISA) kit. Conclusion The method can realize rapid and highly sensitive quantitative

detection of f-Lg using a portable instrument, and can be used for rapid detection of infant formula.
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B-FLBREE [ (B-lactoglobulin, f-Lg) FEA7F4ETF4F A,
MR EASTER 10%", BT HREE R = Rai A
Sy B A R, R RERS AR A B AR g 4O
AP A MBI RSP W FA4FadfEms, HAR
B-Lg FlRESS iR G RE . AT M . el | B4
WX i A R AR LE N 9 2 Bl RAE AR, ™ E R 2 ] R
GRS e O N AU E T T AR L
I B R AR FL A SR A B I R R I, AT REX AR K
KBTI, H =g A e 210 gE e ihin T
SR, A FLE AR —Fh R DL R BTz A A 2
BT, MAEERMIMT . 7 RE 5 S &7
HHE S AE DR, X5 AR LS B AR 4
Gy RS B 2F LA R, DT o Al A7 ) B A i 5 AR A 7 o i
T E R

BFFERI, 82%1 3 1B 8 X A= LAy p-Lg 2
ik, p-Lg #IAN A LIS & (o i 2N £ D)
MR LA p-Lg fE R &S B S SA A E A —
P bR HRG, EExT Pt fd R & RO
B, IR FLat BUR S s R R A R R AL Y

it O TR AR A L SUS A IE B AR RO A L
HWE A, FFRE—FRE. WA HAREE p-Lg Rl ik
BXRHEE, BHEI, A ZMMERYPH TR p-Lg, HI5H
I 4 5 W% Bt M %€ (enzyme-linked immunosorbent assay,
ELISA)!' | 2 4145 Hi vk 1 (capillary electrophoresis, CE)!'!
Mo & W M B 3% 35 (high  performance
chromatography, HPLC)!'4E | 3 #6757 1k I 4K B8 52 P £
b S E W R, SR I 2 4B T A T L A
M s . Tk N SUROREAE SRR, BRI AE R FERT, HAR
LI EIREE, N IAE A Bl b g 3161,

G g JEMTRAR S AT I, IFR R O S el o s, 2
— LT R A G A AT AR B ST
FAT . FERIEE . RS ES = . ORI R S s ARA
PRERVES A, 38 TR A IS & R A
BT O OE S MR RS o Z ik a2 gk
G MR AR AP A B I T 95 5 i ot S 2 TR
AP, BRI D R MRS AT AE— L8 R 1Y
B, WEFACOEE . REUEA R RERAS B, ER
Wl T H s PP pLg eI Gk 2 AT AR &
(photothermal immuno-chromatographic test strip, PITS)RE

R E PO AR By T R, IR HLLAME

liquid

JERERR W Hh 05 | & i B AR Ak, DA SR SEBL B AR Y
FE RGN PR PITS mT U R MR )y i il A
RN — R T B H R DAT I T TS

A g% il 6k &Y - BT BR 90 K Bk (cobalt
sulfide-tannic acid, CoS@TA)HEE f-Lg £ saEHUIANE %
JEREL, Tl —FhRRAZ I AR B-Lg 1Y PITS, M RATF2
YT A D E A R T

1 MR5RE%

1.1 MRS

B )L TR YR R S HEE T ) -

BE B | BRAC BN . BT B2 (tannic acid, TA)(4 A4l
MBI A BRA A, JoK LB ral, 255 F
i 7 A B2 Fl); B8 3 & I (ovalbumins, OVA)(4JE =
90%) . 4 IfL35 % 1 (bovine serum albumin, BSA)(4li & =
98%) . %% [ (casein, CN)(4fi if = 98%). a-FL & A
(a-lactalbumin, a-La)(4E =85%). S-Lg(4iE =90%)(3E
Sigma A ), WEHR ZIIAL R R L AWRHHLA R
F]); FHERLT4EZE(CN 140, SEEBIPHARAF]); BEA
R . FESRE . WK E (A b AR MR TR ),
p-Lg HsilEPiA . p-Lg ZribEbtik (SR = Aiil).

12 UFE5EF

F48020-33CN &5 #47(GEEPEB CH/RBHE A F);
RH basic 774 Ff 4 (78 [ 3 R A8 &% 5 A BRA Al);
HM3030 R4 . 2Q2402 AW IHL( FiE4hrd:
WIRHEA BRA D) ghg-125d-100 EL28 THRA6 (VLI s SE R
AR, 808 nm UFLT MM & St 4 (i FEE G i B A
MRS E]); FOTRIC 220s £EAMARAL( W CRRHE 2R
FIRAFD; Agilent Cary 7000 %8 4h-A] WL 61 (35 [ 48
FER AT, Jeol 2100 Plus 3§t Hi, F i i 5% (transmission
electron microscope, TEM)( H A< B, F-#k 2 2x4t)

1.3 7%
13.1 #en R

LA 1 R, TG LA p-Le:
RACA T &b Ry p-Lg PATTRERIIR, C Lib R P i,
¥ p-Le WMEMIBER SRR G, HFHRE S5
B-Lg MEEGTEBE G, W RO INTERE T8, & B 41k
FAER, AR EWOKETy Mz di)20r, YAz T
2imt, Horpy p-Lg 238k T 26 BB p-Lg HropEdiik
BRI e 0o 2R H), T KBRS p-Lg MUk i &L
IEARSE, MEERRAIE—E 20, ZRMHEE S C &1
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Fig.1 Principle of PITS

1.3.2 CoS@TA #5415 & AE

T JC A R IE A BB AL Al 4 K R (cobalt sulfide
nanospheres, CoS NPs)?8, 4 177 mg Z W45 5 1051.9 mg
AL AE 50 mL /K ZBEHIRE, HREI A,
FEHRE SRR ZLE R 1 he WA S RRIE R R
100 mL R PUF LN E B2, JFED T 150°CT
PREF3 B MR G, 4 7P7E 8500 r/min T .0 15 min
I PR A FIICK SRS DR 3 I, 7 60°C
FI SR T8 12 h A58 BERM AR, B CoS NPs, %
FIYIN 229515244 TA BEA7E CoS NPs £, #4 20 mg TA
7T 10 mL 10 mmol/L 4 Tris ZZ0&HH, JIA 10 mg _Eib7=4),
TE 500 t/min T4 SIHEEE 5 h, SRIGFE 8500 r/min T 5.0 15 min
I FBA KPR 3 K, IJa R R CoS@TA 4L TR 4l
TR g o (2R AT LR OGS A TEM X JLE T 3RAE
1.3.3  CoS@TA #) A2 A7

T AR B R AR E Y, T 808 nm LI AN
R FLEAT 2 S WO TG SR B IR, i 41 Ak A
GG SRR AL
1.3.4 CoS@TA #93k% # 4 3 3 F 54

P—E WK CoS@TA W THIH LM, Wit
808 nm AT LT /MIOE BE AW 10 min 5O BOE, f#H H R
AH 10 min, HLZAMMEOGE AR IREA, JF
221 U R B s (] A by R R . L BRI ()
AR A (1R

hA(Tax. = Tsur) = hA(Tinax water — Tsurywater) 1 0o

= 010 100% (1)
Hrh, h ARFREIEBIW/(m2-K)], 4 FCFER M F T H
(m?), 4, {CFFMARAE 808 nm ALHY W GIE(H, Tmax
Tsur 435 AR W R = i BE (CC)FIERREIRLEE (°C), 1 AR
TEIH(W).
1.3.5 ;"t#cy’af%%ﬁéﬁ%lé

T o B B g S IR AR X e A 1 (R K

[ 1 mL (% CoS@TA I HF A — & = 1Y p-Lg Z FL DU,
REWSEEIRTHE 1 he ¥3H 20% BSA Fil 10%R L
% (polyethylene glycol, PEG)fY 3 13 A A £I|_E R
AP Z RIS AL, IRA SRR TIEE 30 min,
1E 4°C 8500 r/min F#&.0> 10 min FHFEBRL 4 BSA Fl
PEG, 2 BB, 1 200 pL B9 TAEMCKHITIE R, 4°C
TSR
1.3.6 ITAR&4agthiie

(DFFEFUARARIC B 1

S 15.0, 12.5. 10.0, 7.5, 5.0, 2.5 pg 9 p-Lg
L EREHURTINE] 1 mL § CoS@TA ¥ ik P il 45 e P fr s
PRER, BEJE B S IRE 3515 80 uL — W LY p-Lg
FrE S R A EAT PITS 5208, @l WigE T LRI (s I,
PEFE T R R RIS TR bR Id B N bR iE = .

Q)I TR AL T B 1 1

{5 FA B BR £h 5% #h ¥ (phosphate buffer saline, PBS)
(0.01 mol/L, pH=7.4)¥% B-Lg B 5% B P4 5 5 1% B 43 I i
FM 05, 1.5, 2. 2.5, 3.0, 3.5 mg/mL, i FHRIRACEH:
R TERHFRET 2 B L A AERACSR, B 45 3 3
5 80 uL PBS £ 80 uL —E MR AY f-Lg b A RIR Atk
TR AU S0, WA AR R BI L] T 2B
0 I R LB M 2 A A S R e 1) R R 0 Sy e
PR

Q) HA TAESF AL

P HASEIR S5 BREF DR MORIREE | RSERLF 4
RIEFPZE | B S5 T . xR4T LREm il %
IR BEERE FRERE N 4, 6. 8. 10, 12 uL FEATHEEENT
T, MRS R AL RERE C. T ABRAERATR
THe/INEREE PR s R B RERL
1.3.7 R 95 BEAT IR 0] IR A R B

HAROEAL IS B Fe i T AR S FEAT PITS mu i
PBS ¥ p-Lg brift i i Bl — ROV, 5 —E Rttt
EREHR A R INEAE M E L, 15 min HTl_J\_V‘]ﬁEXJu%i‘T
2R, M T kiR H W B S8 B T 18 A A o il e B e
sk IR . AR FDEIVE S EA AT, Rtk o8
ST, [ 808 nm T LI AMNEOGRE ST T Zi4b, FHEHILL
SRR E A B-Lg B Bkt i i 38, iﬁ‘mﬂu
i 808 nm BWOCHRST T T &A9IREEARfLlEA T Al
ST ARG HY BT X o A T £ %{E/EXQDT.ATHSD,
Hor AT PRI 5 5 TR P 5 5 2
{H, SD K HAriE2R",
1.3.8 SRk S8 BAT R AL 09 45 I iR

1Pt 4 FhEE FUEAT PITS B4R FHEPEANY, 25100 a-La,
CN. BSA. OVA, 7& 100 pg/L REHRE T 56 i EE
RGJEIT PITS ME, @R EHE S A AR 2
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1.3.9 HmeyaTaz

FREL 2 g BRe L LR YRS, fFH 20 mL 1 PBS 43
WEAR, SRJGAE 4°C 10000 r/min T E5.0 20 min B F i 225808
RS HETTE, ) i AGE i 2 mol/L FERIMAS 1
pH MZE 4.6 IHAEZ=IR FHFE 1 h, BEF1E 4°C 10000 r/min F
9.0 15 min B 3G 2L BR CN, 78 FIEB0E R g IS in AGE
1 mol/L AR AALENHE pH W E 7.4, FEANIFIR A ATAL B
{Ff] PBS (0.01 mol/L, pH 7.4)F Fé— i BG4 T PITS Kl .

1.4 HUEAE

i Origin 2019b KA ¥EEE 522 K], /] Excel
2016 BAFHIMERME

2 EREHR

2.1 CoS@TA RUFRAE

Qs 2A AL, CoS@TA 7E 400~900 nm Ab AT 2 HI
B, AR TFARELT MG, B MALHAT B A
Ak 1. i 2B s, A TEM XF CoS@TA BB T
TERAE, BRI RSH S BRIREEH, #E 190 nm A2 47

A 20

1.5 F
i
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=X 1.0
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Fig.2 Characterization of CoS@TA

2.2 CoS@TA i E M RIEM

il 3 R, N T PG CoS@TA Byt Ga ek, dHT
T 4 PELLW TGO R IRAE IR, BRI ORI
600 s, 1341600 s, £ 4 RIEL /LB BIEAF, 17
A BT EE HTHE, £ CoS@TA HA RIFH e
ENE S
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Fig.3 Four consecutive on/off laser irradiation cycles for CoS@TA

2.3 CoS@TA HHEHMPRNITE

i3 (DI CoS@TA 6 BV 38 R ()
47.5%, W CoS@TA HA RIFMOIEIEEHECE, WG
2523 Hh FAE PITS #6000 4RE B8
24 ZIWEHFMK
241 FAEFARARIT 0L

M 4 FrR, BEETUARHCR M, T &8t
IR BIRM S, MPUEbRICE R 7.5 pg i), T KBk
FRTR, WIS R B AR R R, I i R
A RE R PR bRIC R 20 7 T A [ r B, AT X et &2
B (A -B-Le-T 3RPT85 4 T I AEF, TR it
7.5 ng MEAETUARRC R,

25pg  S50pg 7.5 ug

100 ug 12.5ug 15.0 pg

K4 PrisFRCERTE

Fig.4 Determination of the amount of antibody labeling
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242 FRAEFR QAR AR

MG S 00 % AL 00 Ve B L P S U B W R
0.1 mg/mL. ¥ p-Lg i BEHUARME M RPUAR B EE T
2, MPURHR SRR, A ME SRR, HEHE
LR L R, — S AR, WRW A 55—
JETTRES M T Zesby™ A AR FR SR B, S BRI,
AT 52 W G 00 45 SR v 32 . N[BT S o, Bl PRk
WS R, TR B2 IR AR %, MRty i
N 2.5 mg/mL B, T 6B (0N Fi Bl & DR G i3
KWK, [FIBTEITEA T 2ok B Rr S e bt, [A i
% 2.5 mg/mL MR fEBUA bR

1.0 mg/mL 1.5 mg/mL 2.0 mg/mL 2.5 mg/mL 3.0 mg/mL

(S RIE IRE N Ok AN

Fig.5 Determination of antibody coating concentration

243 b TAE AL

JLASEG S5, QPRI EE | THPREFAE R BT | 2%
R SREREE AR | RO . e R AR SR
] S5 X6 S G 45 A A N . ARSI EE R, ek
BEBRETUSINEL O 10 pL, HREF S5HERIE RN ES A4 3 min,
WOEIR ST IR N 2.5 Wem?, fSEREF4E KA Sl CN 140,
Ak aE R 1.

F1 TIEFHBIRL

Table 1 Optimization of working conditions

I AT 28
RET AT Hk B2 /(pg/mL) 500
THRRLT YL R TS CN 140
RGN 0.01 mol/L PBS, pH 7.4

EREBAA R /UL 80

PRET R/ (WL /strip) 10
PREH 5 R LI B SV 8] /min 3
WOt BRI 3/(W/em?) 25
BOL RS 1]/ 40

2.5 PITS #HIRMIFEE

TERAESME PN T PITS AUK H R RIS . 2
S0l SR FH R e 5 o RO AR A I — R ) B A VR 1
B-Lg bRUEFI(O0. 10, 25, 50, 100, 250, 500, 1000,
2500. 5000 pug/L). WK 6A FR, MESHEAE p-Lg B, T
LA R EI R, B CLRP R K E &L, 4 p-Lg i
VR EERINF] 250 pg/L B, T 2k b BRECA WY Sl i 5 €2
X8, It AME p-Lg WEEMREN, T 2 FALRMRE R R

MR Z, T 2@ MR BR . NI, 3207 1 AL SRS R
N 250 pg/L. LLAMPSALRIRGINES R NP 6B FiR, B
B-Lg ARIUERL R EE RZ W, T LAbrilh g e, K
(LR SRCStEIIERY Y

A

500025001000 500 250 100 50 25 10 blank

500025001000 500 250 100 50 25 10 blank

Y=12.78136X-22.77025
r=0.9967

2.0 2.4 2.8 32 3.6 4.0
B-Lagif BEXTEL

TE: A, PITSHSERMZE AL B. PITSYEHMES14]; C. PITSIMbRHEMZE .
Ele  PITSHIrHr:nE
Fig.6 Analytical performance of PITS

SRIG R 2L AMBOE PR BRSO s 655 ani&l
6C FiR, G S (AT p-Lg Bt LE 100~5000 pg/L
T R P 2 RLAF IR 56 2R (77=0.997) . K425 FHR AR 4 P
PAEE I BIL 3 AR R 22 A AbR R B % R 1Y
SRR R, 15 BDEHEEA Ry 26.44 pg/L, A
A R 9.5 fF o X E B TFHRET R AT e
fie, M PITS 76 K51 T i Al v HA AR R 7 -
2.6 FHBEEMAKZHOEFEZEITN

W A 4 FPEEFLE PITS TP AR eI S, B
— VA T PITS MRS o QN3 2 PR, 25k D o o vk 2
100 pg/L WY FIARME SR, 8BS SR
f-Lg HYA HH 2 (100.30£1.59) pg/L, a-La A4 H{E N
(28.48+4.66) ug/L, T o-Lafil p-Lg B FHIEEHR, HA
—E MM, FICAESERY PITS X o-La A — & MR 51
PR, AFLLEAS W0 AH T3] v B A o 45 30 0 4 1 8 9 R I F
B-Lgo At 3 FhEE AEAH IR A BE N E AR, X 5%
B p-Lg 5 CN. BSA. OVA 3 Fl2E [ Z (A ANAFAESS LU
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#2 TEZEBH PITS RS HLE
Table 2 Results of PITS specificity analysis of different proteins

FE il (K& HHE£SD)/(ug/L)
f-Lg 100.3+1.59
a-La 28.48+4.66

CN A

BSA A

OVA EN oA

2.7 RINEYSELE
BT VAR AWEFE B PITS TE 2 BRAE S 28 ao A sk,

%3 PITS 1 ELISA if 7l

5 2R 4 LA BRI A S SEBRAE S AT 4B, I8 T R
JI ELISA 8 & Al PR B-Lgo A ah AL RS, 76
o )L S BRI S AR R EE () B-Lg AnifE b fif
HARAR TR 0, 200, 800, 1600 pg/L. 413 3 iR,
f-Lg B ENRTE 97.7% % 108.2%2 [f], 785 RZECAK
T 10.85%. ;X FEWAFT & 37 A4 PITS ZERGIZL I A p-Lg J7
TR T T RN RS, fe)a, A ELISA Krilis7)
BRI &5 SRR T A8 7 IR A 850 o AH EL RS
ELISA, iZfiMyEEE R i s . prinesE L s
TS . R IR) R RN, 3207 VR S 1 L Sk
HEA T2 2 2 BRI 43T o

SR ENON E 25 R (n=3)

Table 3 Results of PITS and ELISA kit addition recovery assays (n=3)

PITS (ELISA i &

FE i B dt S IR B /(ng/L) (K M{E£SD) EjES AR R A K M{E+SD)/

/(ug/L) /% 1% (ug/L)
0 ND N ND
JERR, 200 195.33+21.19 97.7 10.85 S 196.42+6.13
LR

800 809.16+73.99 101.1 9.14 S 812.68+20.16
1600 1731.41+178.32 108.2 10.30 4 1616.9+24.36

TE:ND. ARk, BARHEIRT ELISA Rl st & il th B - ORI ES R Ik +. FOR AL ini 45 5 FH

ATl R E R T CoS NPs, LA R LA
TA B4 2 H KM, 155 CoS@TA, i 4y 31 5 T B 5k
B-Lg ZyalEhilk, W 7Bt e, Y5 M
Xt B-Lg AT AT, 75 p-Lg BRI N 250 pg/L
AR A% T Ze4b HBIBH B K G557 . ESE TN
SESAI P, B-Lg B HBR Ky 26.44 pg/L, 500 0A 3 FRAH
LR R T 9.5 5. Mok, Frasr ki s a8 He
A RAFI RS, 3l v EDCSE 5 A T % IR AR
AR ARSIy T A S, [BIRRAE 97.7%~108.2% 2 [,
A5 RBORNKT 10.85% FLHE5R KM PITS REME LN
B-Lg B R I s A, [ i b 3 Hopth Ko7 H b
YIRS AR A T Ak -

SE B

[11 YANGF, ZOU L, WU Y, et al. Structure and allergenicity assessments of
bovine f-lactoglobulin treated by sonication-assisted irradiation [J]. J
Dairy Sci, 2020, 103(5): 4109-4120.

[2] ZHAO QR, WANG YW, ZHU ZM, et al. Efficient reduction of
[-lactoglobulin allergenicity in milk using Clostridium tyrobutyricum
7816 [J]. Food Sci Human Wellness, 2023, 12(3): 809-816.

(3] Bfg, WA, KIS, . A p-FLERE A B POLE i PCR £
ML), 5 SRR ER, 2015, 34(6): 605-612.

JIA M, ZHANG YZ, ZHANG YF, et al. Establishment of a real-time

fluorescence quantitative PCR assay for milk f-lactoglobulin [J]. J Food
Biotechnol, 2015, 34(6): 605-612.

[4] Sk3ce, JRm, APR, S5, AR FLEE PR ORI S e R AR R
Hl g R[], FLb Al SR, 2023, 46(2): 42-49.

ZHANG WH, ZHU L, FU SC, et al. Progress in the detection and
modification of cow's milk protein allergens and hypoallergenic dairy
products [J]. Dairy Sci Technol, 2023, 46(2): 42-49.

[5] ARk, Jusess, BUEEe, 4. Ahid SUs FEEAG B AR RN I8 iL 0T
SEBERRT]. & dh Tk, 2021, 42(12): 406-410.

WU BL, YU LL, JIA XL, et al. Progress of major milk allergen detection
techniques and reduction methods [J]. Food Ind, 2021, 42(12): 406-410.

[6] SEEEA, AN, XURE, 55, F3LE A OB K AR ISk Y
W], HrEFLA Tl 2020, 48(8): 29-33, 45.

DANG HIJ, ZHENG YR, LIU ZM, et al. Progress of cow’s milk protein
allergy and enzymatic hydrolysis to reduce its sensitization [J]. China
Dairy Ind, 2020, 48(8): 29-33, 45.

(71 5, WREW, A, % BN p-FLERE A A5 RIS ER
R, B TR, 2016, 37(18): 106-110.

LI X, TU ZC, QI WC, et al. Effect of ultrasonic treatment on the structure
and antigenicity of S-lactoglobulin [J]. Food Ind Sci Technol, 2016, 37(18):
106-110.

[8] LI X, FEI SW, XIE XL, et al. Effects of divalent cations on the physical,
conformational and immunological properties of bovine allergen
[-lactoglobulin aggregates [J]. LWT, 2022, 154: 112557.

[9] SAXENA R, VANGA SK, RAGHAVAN V. Effect of thermal and
microwave processing on secondary structure of bovine S-lactoglobulin: A

molecular modeling study [J]. J Food Biochem, 2019, 43(7): €12898.



F11

KA, 45 p-FLERE AR R AT IR AR AR A W]

139

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

e, WV, BRR, . 4Rk s p-FL R ARG AL B
e R F[T]. A e AT A~ 4]R, 2022, 13(18): 5831-5841.

YAN Y, DONG YP, LONG CY, et al. Application of milk allergen

p-lactoglobulin nucleic acid aptamer in food testing [J]. J Food Saf Qual,

2022, 13(18): 5831-5841.

ek, WaLks, Rz, 5. AL BUR g-2LEREE A i AT
HERT). B b B~ 2019, 10(7): 1763-1769.

HE SF, CHEN HB, LONG CY, ef al. Research progress on the detection

method of cow's milk allergen f-lactoglobulin [J]. J Food Saf Qual, 2019,

10(7): 1763-1769.

NEGRONI L, BERNARD H, CLEMENT G, et al. Two-site enzyme

immunometric assays for determination of native and denatured

p-lactoglobulin [J]. J Immunol Methods, 1998, 220(1): 25-37.

INER, BE/NAL, XUILR. FTEMERKENER T p-FLERE D

SEBFIE]. PESS TG, 2010, 22(5): 414-417.

SUN GQ, KANG XH, LIU WX. Determination of S-lactoglobulin in dairy

products by capillary electrophoresis [J]. Chin J Food Hyg, 2010, 22(5):

414-417.

BOITZ LI, FIECHTER G, SEIFRIED RK, ef al. A novel ultra-high

performance liquid chromatography method for the rapid determination of

P-lactoglobulin as heat load indicator in commercial milk samples [J]. J

Chromatogr A, 2015, 1386: 98-102.

LEI XL, XU XX, WANG L, et al. A quadruplex immunochromatographic

assay for the ultrasensitive detection of 11 anesthetics [J]. Nano Res, 2023,

16(8): 11269-11277.

XU XX, WU AH, GUO LL, et al. Gold nanoparticle-based

immunochromatographic assay for rapid detection of imazalil [J].

Nanoscale Horizons, 2024, 9(1): 123-131.

R, T TR F AR B AR S B B

114-117.

[7]. BUACE G, 2022, 28(15):

GAN L. Progress of aflatoxin detection technology [J]. Mod Food, 2022,
28(15): 114-117.

DI-NARDO F, BAGGIANI C, GIOVANNOLI C, et al. Multicolor
immunochromatographic strip test based on gold nanoparticles for the
determination of aflatoxin B; and fumonisins [J]. Microchim Acta, 2017,
184: 1295-1304.

PAGE-FAULK W, MALCOLM TG. Communication to the editors: An
immunocolloid method for the electron microscope [J]. Immunochemistry,
1971, 8(11): 1081-1083.

BLIR . G A B AT NG R AG G o 1y o RS
2022, 35(10): 95-97.

[ BE¥ER,

KUANG ZZ. Progress in the application of immunocolloid gold
technology in clinical testing [J]. Med Inf, 2022, 35(10): 95-97.

R, JRAl, TREE AR RS G E TR R PRI A P 3 A
HESRMBIED]. PEEM TAZRE, 2017, 29(3): 306-312.

CAO DK, SUJZ, ZHANG Y, et al. Rapid detection of three mycotoxins in
cereals by colloidal gold immunochromatography [J]. Chin J Food Hyg,
2017,29(3): 306-312.

ZHOU L, LIU YF, LU Y, et al. Recent advances in the immunoassays
based on nanozymes [J]. Biosensors, 2022, 12(12): 1119.

[23]

[24]

[25]

[26]

(28]

[29]

[30]

FJ*XN% AN, ARSRER, AE. S R AT IR AR I R S
. KR EAE IR, 2019, 16(22): 3382-3386.
ZHOU MJ, LI XP, DAI RY, et al. Research progress of
immunochromatographic test strip detection technology [J]. Lab Med Clin,
2019, 16(22): 3382-3386.
YIN XC, TIAN YL, CHEN YQ, et al. Accurate immunochromatography with
colorimetric/photothermal dual-readout to detect nitrofurazone metabolites [J].
Sens Actuators B Chem, 2023, 380: 133323.
ZHANG C, WANG YQ, LIU ZL, et al. Nanobody-based
immunochromatographic biosensor for colorimetric and photothermal
dual-mode detection of foodborne pathogens [J]. Sens Actuators B Chem,
2022, 369: 132371.
WANG Y, WANG T, WANG ML, et al. Photothermal card reader assay
using the commercial colloidal gold test strip for the rapid quantitative
detection of food hazards [J]. Microchim Acta, 2022, 189(3): 112.
WANG Y, SU SP, DU SY, et al. Rapid detection for Salmonella
typhimurium by conventional resistive temperature sensor based on
photothermal effect of carboxylated graphene oxide [J]. Food Anal
Methods, 2020, 13(9): 1755-1763.
GUAN GQ, WANG X, HUANG XIJ, ef al. Porous cobalt sulfide hollow
nanospheres with tunable optical property for magnetic resonance
imaging-guided photothermal therapy [J]. Nanoscale, 2018, 10(29):
14190-141200.
YIN XC, HOU JX, GUO J, et al. Nanocatalyst-triggered cascade
immunoassay: Multi-model immunochromatography assay for sensitive
detection of Salmonella typhimurium [J]. Chem Eng J, 2023, 469: 143979.
ZHANG G, HU H, DENG SL, et al. An integrated colorimetric and
photothermal lateral flow immunoassay based on bimetallic Ag-Au urchin-like

hollow structures for the sensitive detection of E. coli O157:H7 [J]. Biosens
Bioelectron, 2023, 225: 115090.

(WAEG 4. shuess T H)

fEZ BN

KR, MEMRE, EEMRFE
ARBREWMEAR,
E-mail: 18773687866@163.com

FHE, BL, HERASRIEM, £
52 EMRFEARRRERNEA.
E-mail: 1sj930427@126.com

T M, #L, B, FEMRFEA
ERRE5ER.

E-mail: wangshuo@nankai.edu.cn



