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Detection of oxytetracycline residues in food by carbon dots fluorescent probes

WANG Hui'**, LI Cheng-Qian"*, LUO Xiao-Yu'?, HAN Yong'"’

(1. School of Agriculture and Bioengineering, Longdong University, Qingyang 745000, China; 2. College of Life Sciences
and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

ABSTRACT: Objective To establish a method for rapid detection oxytetracycline (OTC) residues in
animal-derived foods by carbon dots (CDs) fluorescent probe. Methods Blue-emissive carbon dots (B-CDs) were
synthesized via a one-step hydrothermal method using salicylic acid and o-phenylenediamine as precursors, and a
fluorescent probe for OTC detection was constructed. Results The as-prepared B-CDs exhibited near-spherical
morphology, uniform size distribution, good water dispersibility and stable fluorescence. The fluorescence of B-CDs
could be selectively quenched by OTC. Under optimized conditions, the fluorescent probe exhibited good linear

response and sensitivity for OTC in the range of 0-1.00 mg/kg (Y=1070.95—673.35X, r*=0.9959), with a limit of
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detection as low as 3.60 pg/kg and a limit of quantitation of 11.99 pg/kg. In spiked recovery tests using real samples,

recoveries ranged from 94.00% to 102.00%, with relative standard deviations between 0.17% and 2.25%. Conclusion

The proposed method is simple to operate, highly sensitive, reliable and cost-effective, demonstrating promising

potential for rapid screening of OTC residues in food samples.

KEY WORDS: carbon dots; fluorescent probe; rapid detection; oxytetracycline
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Fig.l Schematic diagram of the preparation of B-CDs and their response to OTC
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BB B-CDs, FE¥A K] 350 nm %14, B-CDs ¥
KT R 400 nm FEILIERE |, RS B-CDs 5 OTC
Z R A EAE AL, IO T — A ST B-CDs (191
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T OTC 5% B4 (v R Bt i 25 £t —Fh ] 4 HSA(IRBR A B AR
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1 MR5ERE

L1 #R5RF

RS R T AT Y .

OPD, SA, OTC. PU¥fZ(tetracycline, TC). kR4
#% &K (chlortetracycline hydrochloride, CTC) . Bl &2
(enrofloxacin, ENR) ., B Z& PGk (amoxicillin, AMX)(43#741,
R T AR A IR D), AR, R . 2 .
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JEM-2100 & 5} H F & 14 5% (transmission electron
microscope, TEM)(H 4 JEOL /A H]); UV-230011484h 1] Il 43
ot ot E 31 (ultraviolet and visible spectrophotometer,
UV-vis)(_1 R ERZAESA PR /A F]); F97Pro #6460
FE it (fluorescence spectrophotometer, FL)( F i H ARA
FRZ ml); KHS5200DE 75 (% (V155 B L AR Bl 7 A A R
22 Hl); DGG-9030B HI PAFE R ¢ X T-1R A (AR M5 2 gAY
AT BR2 Hl); H1850 .0 L (K e 7 18500 r/min, ] R I
IS0 2= AR TT A R F); ST2100 pH it PR224ZH/E
B RO B2 0.1 mg) (M B SEIH R A FR A D)

13 77 %
1.3.1 B-CDs # 4 &

KEHFRIL OPD Fl SA 4% 0.50 g B FH4AF, 12 40.00 mL
CWERTEF, Znl s I o8 2. RE, BIRS
WWEER 2 50 mL RRi N 2, B TR 200 °CR &
it 6 h NiJE, HRE IR RIRBIER, HE L
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B IEWAE 0.22 pm MUERE T U8, BREVIEY), REH
193119 B-CDs S ARE Y, fFELIAS R 205 .

1.3.2 B-CDs &AL

K TEM X B-CDs fIESEA T %S, JFilid Image J
(Win 64) Gt Howi Az 434 . FIA FL 3RAE B-CDs
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(BR)ZZHA(H 0.04 mol/L TRR . BEERAIVKESERIR A& il i
%, F0.02 mol/L AL pH 1Y 2 s () (%5 4145
WeJE 0.04 mol/L)IRE, L 1.00 mL Zli/K AR SE /e has 3
SR, BARRAEFIR FIEE 10~15 min )5, AYOE6E
FEVFNE v, X EEARTE pH 44T #ifs 5781k,
422 B-CDs MYBAER pH.
1.3.4 ## B-CDs % 454t

VN E I ERT IS T, 45 OTC ARV ls B R
1.000000 . 0.500000 ., 0.250000 . 0.125000 . 0.062500 .
0.031250. 0.015625 % 0 mg/kg RANHEJE . 43 HIHL 1.00 mL
BBV, RUOMA 1.00 mL 3R %507 B B-CDs
HWA 1.00 mL pH 6.0 9 BR ZEiAm, LA4idkite:
OTC FRifEVETAE N Z AN, BIRGERARLIRIERAE,
FEERNL 15 min, F/EEDAE BB T RS
PEOTE, ICFFHEDOURE . T BT 3 KT
PR, TR EE, RIS 2otmE Y
OTC MR BEZ M FbRHE R, 153 2tk 10115 R Je P R 3K
(), ¥R (limit of detection, LOD)K##/3 =, LOD=30/k 1}
B, E R (limit of quantitation, LOQYH A=, LOQ=100/k
T, 2 o o 9 425 IR OB bR HEIR 22, &k AR
Y26 k2R U 10 L BT A % B-CDs 2L HRET
il OTC Y R AE 5 rT 474
1.3.5 B-CDs sf#i A & oyt #FH

PEAL A L B-CDs ZEGHET X OTC Al il 1t 5
P, BRITEEICT U IR 2K A b H bR #E(TC .
CTC). ENR 5 AMX fEN THbiE R, HARea ok
B 1.00 mg/kg. PASFIRFR Aok AR Bi A RIE W
VERZs (T IE, 43 BIH 2.00 mL FRJS 10 B-CDs RS
1.00 mL &-HiA ZAmE R T RE IR G, AHERT 10~15 min,
JEIISINKIAR . BEfE, 7O OEETHIE ARG
WO . FRBEST 3 WPHATIRE, RS
3% B-CDs 5 A HUAE R ILAEE OL T O ERRESE .
1.3.6 ZEFFHS&F OTC )

Sk PEAR AR DN 7 325 76 SE AR i P A o R RE, B
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WSS R AR Sh IR 5 . HEREFRERL 5.00 g &
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R, FIA 1.00 mL pH 6.0 fJ BR & iaw, 1R21)E 0T
R o 5 ST (SO R B IARAT S R 2 e fi, 4
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(&l 2a) 7R, B-CDs &t B R4 1 40 b, ORI AR Bk
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AWTE 1.62~4.36 nm Z[A], FHhifE 3.08 nm, &TF CDs
H LI RFSE (<10 nm)!'Y,

2.2 REMEESH
K H UV-vis Y85 FL G fr4 i B-CDs BYYG2F
PEBRHEAT T RAE . 45 54018 3a 7R, B-CDs B UV-vis Jtif

1E 313, 355, 480 Ml 544 nm AbSEIR 4 ANRAEMR s, I
. 313 nim BREIT AW AT LI O BRA% sp” A4 RIsR A mom*
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JEHR Bt % P K AR BT A AR B, b T Bk Kk
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Vg e e e, ARIVEEY 400 nm & SHVE MAGINS S, Fad H
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19 R AT Ay i FLms A L 25 44 15 2R 8 B RE A 2L R4, il
HLH AR @D 1) BT e2A Skt
23 HWMEHMSL
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AN B A4 (10~500 £%)B-CDs ¥ 1 2 i B AR 1E
WA 4 Fios, BEE M REATEOE N, DOt T =G
FEAR A, M 10 REBEE 50 55 6B W s, e
50 % 28 500 f% 38 [l N Z @ 55, %24 T BE B-CDs 7
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U R AN, AR IOERCE, (Had RS TR
TRBRA & o Bk pdib, M A (5 5 R 2
Z ) 50 55 100 R B T o6 ais th &g iz, 3
Jo {5 5 0t i ) P i, R R FR A B 100 514 B-CDs H
FIRgscsy, #—HEh TEMIAR pH (3~11)%F B-CDs
PENATRBIREM , 25 /R, 78 pH 3~5 305 Fil P9 2 s i i
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Fig.2 TEM image (a) and particle size distribution histogram (b) of B-CDs
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Fig.3 UV-vis and FL spectra of B-CDs (a) and fluorescence emission spectra of B-CDs under different excitation wavelengths (b)
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F L [ IH )5 R ¥=1070.95-673.35X (X N OTC ¥ JE,

fii mg/kg), r=0.9959, LI RZ5RFM, FriEiy B-CDs %
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T bl OTC 5% B By bsE A

AHFFERIE) B-CDs 2 CIRENE 0~1.00 mg/kg 3 [N
X OTC R AT Lk i, # I BT 15 min.
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Table 1 Comparison of B-CDs fluorescent probe with some methods of OTC detection (n=3)

Fari 2 7 2 PETE L/ (ng/kg) LODs/(pg/kg) LOQs/(ug/kg) E=PUN
RO R 5.00x10*~4.00x10° 2.00x10° 6.67x10° [26]
TG RPL SO IE L 2.00x10%~2.20x10* 2.00x10? 6.67x10? [27]
LIRS A B 15.00 49.94 [28]
BB IO 9.20x10%~2.70x10* 73.67 245.32 [29]
GRS 4TS 4.60x10°~2.30x10° 4.60x10° 15.32x10° [30]
B-CDs %61k 0~1.00x10° 3.60 11.99 ENTE
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B-CDs TEFRIE & G KA & A4 B E 9K, T H AT
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Fig. 6 Fluorescence responses of B-CDs fluorescent probes to OTC and different antibiotics
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Table 2 Spiked recovery test of OTC in actual samples using B-CDs fluorescent probe (n=3)

2 B-CDs IR SEFREER P XT OTC B MNFREIYSHR 38 (n=3)

E Jnkr i/ (mg/kg) K/ (mg/kg) [N /% RSDs/%
0 <LOD - -
0| 0.50 0.51=0.05 102.00 0.48
1.00 1.00+0.06 99.50 1.49
0 <LOD - -
XA 0.50 0.47+0.04 94.00 0.17
1.00 0.98+0.01 98.10 225

T -RRTCII
3 % i

AGF5ELL OPD 55 SA Ry Ak, i — 25 I # s 2
AT B-CDs, HME T HFRFHAEM OTC MZEIH
£r. UV-vis G5 FL DG HrR M, OTC kB K
B-CDs %456, 1E 0~1.00 mg/kg WL EHN, OTC 5
B-CDs HJZGsRE 2 BRI R, ik LOD IiE
3.60 pg/kg, LOQ Ny 11.99 pg/kg, REE BE TIA HM
T ke TEIZBRHE A5 XS PRE & R B A TR R S50, TRl
RGN 94.00%~102.00%, RSDs 4 0.17%~2.25%, FHIi%
FEEA RGFOMETRESELN, SHTEREMERT
JEE OTC MK (HARFSE ALK B-CDs F T OTC Farilll ¢
JCHRET BAL %ok JF i g ML A R v 28 e i 5 B — 2P 5
e, ARWFFTHEST A B-CDs ZOGIREN HAT A BRI . i i R
W, RPEE . R ER A, MO T OTC 5k 8
FI PR AT SR A T —Fh - Ar F B, WohEEF CDs ek efl
TR ARAE B 2 AR I AT ) S PR AR AL T 2%

SE 3
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