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Abstract: A label-less, simple, and rapid colorimetric assay for residual tetracyclines (TCs) was developed by combining aptamer probes
with gold nanoparticles (AuNPs) as the signal transduction element. This method was used to rapidly detect residual TCs in food under optimal
conditions. Additionally, this novel method was then compared to the national standard method for TC residue detection (GB 31658.6-2021).
The samples were extracted by methanol and acetonitrile at a 6:4 ratio (V/V) before being assayed using the proposed colorimetric assay. Given
an aptamer concentration of 150 nmol/L, NaCl concentration of 40 mmol/L, and reaction time of 5 min, the linear detection range of our
colorimetric method for four types of TC was 0.25~5.0 ng/mL (R>0.981). The visual detection limit was 0.5~1.0 ng/mL, and the detection time
was approximately 5 min. This method is specific for tetracycline, oxytetracycline, chlortetracycline, and doxycycline, as it has no
cross-reactivity for gentamicin and chloramphenicol. Spike recoveries of 63.52%~102.48% and relative standard deviations of 2.49%~6.81%
were obtained when detecting TCs in cow’s milk. Therefore, the proposed colorimetric assay is simple, fast, cost efficient, and highly sensitive,
which makes it suitable for the rapid batch-screening of TCs in food.
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of TET, DOX, OTC, CHLOR, the calibration plot of the
absorbance versus concentration of TET, DOX, OTC, CHLOR
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®1 BEEIHER

Table 1 Results of precision analysis (n=6)

MMA S BMESEE/ (ngml) BFZE%

1 5.4
TET 10 4.8
100 4.1
1 6.5
DOX 10 34
100 43
1 3.9
OTC 10 5.5
100 2.9
1 4.7
CHLOR 10 43
100 5.8

870173 N S pugiiseai

R W BRER B 411 412

g | i Vi ¥ eV
5 - N
1.4

TET DOX OTC CHLOR
1.0+ =

0.8+

As30mm

0.6
0.

Zﬁi LIGILIAR

.J;

& 9 S
@N«@%ﬁ% i &0‘\V §0®$’ &
Vasic?]
& 8 $FR AR
Fig.8 Specificity analysis

JE: TR 1 % AuNPs+iEE4AR 150 nmol/L+NaCl 40 mmol/L;
*FF8 2 % AuNPs.

2.5 AR 7 i Hy B A

NIAEATT IR IHERATE, SR AT VAR bRl
BT 2 L R INPR S50 o RIS SR EIREE 2, PUFH TCs
FEAEFLA IR IECR R 63.53%~102.48% , AN ARdE
7 2.49%~6.81%. SEBF AL, A IR ECE
FREEZER (P<0.05), HTATFRNERZEZ
RN (pH (. B FIRMESS), SUFEIEEFEM
PEHUA TN 52 Z R R BRG], TR S BERIRCER KT
AR 792 AHARTT bR EICR T & B ArbritE (GB/T
27404-2008) HHARZER (A FE<0.1 mgkg,
HIAREICER 60%~120%) B, i ELRE Fh i AL i 8,
AN AR RN, AT FED . R,
ATV T i R R A 7 Y A oK

26 5IAERMEA

AT bR 7 R AN SCHRFRE 1) 77 v He et
%3 7R, 5 HPLC. HPLC-MS/MS 254X 387341 5%
P, ATt il i AR ER AT 5, (N FR A A7 7 S
FREL, AR, ATHEGAAER, FEIE IS AEFER
FEURRAS o TAES AT TR AT AL B N R 2,
mIETREG AR, b, dIEEEEZ AP, 5%
PENHTRORLILEL, A EATRES &Pk, BrAERD
TN T AR, KKFEK TRl scA . 5HETdEm A
(NG B SAAR BAG I R e, AR IEAS TG B4
SRS 28, A TERRGEE, TR, K
KfEl TRCP IR, KB EACA 5 min, 5 TS
k77wl

2 435 TCs fAREIL
Table 2 Recovery rates of TCs in milk (n=3)

oA R E/(ng/g) — A& — s

B /(%, meantSD)  RSD/% B F (%, meantSD)  RSD/%

10 68.72+4.68 6.81 - -

TET 50 73.23+2.92° 3.99 76.33+3.72° 487
100 72.38+3.47° 479 88.91+5.01° 5.63

10 75.61+3.08 4.07 - -

OTC 50 80.37+2.55° 3.17 89.38+5.33" 5.96
100 84.14+5.16° 6.13 95.29+3.67° 3.85

10 90.24+3.66 4.06 - -

DOX 50 91.31+2.27° 2.49 92.33+5.11° 5.54
100 102.48+5.74° 5.60 105.57+7.74° 7.33

10 63.53+2.94 4.63 - -

CHLOR 50 64.06+2.86" 4.46 81.24+3.48° 428
100 68.84+4.21° 6.12 83.4245.01° 6.01

E: SR TFEF RSN T A E; RATHRFRERFTEFAEE (P>005), REFEATER

BF (P<0.05).
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< 3 TCs My 3EEL R
Table 3 Comparison of methods reported for detection of TCs

ik N s IR Kt mikne S
HPLC  TET, OTC, DOX, CHLOR - 20~100 ng/g - 60~120 ~17  [26]
HPLC-MS/MS TET, OTC, DOX, CHLOR - 50 ng/g - 704~109  ~25  [28]
HPLC-MS/MS TET, OTC, DOX, CHLOR - 5nglg 50~100 ng/mL 95.4~1112 - [29]
RIS TET FAR - 2 ng/mL 98.6~100.2 ~15 [8]
ELISA  TET, OTC, DOX, CHLOR 4k 10ng/mL,15~30 ng/g - 40~120  ~105  [30]
W&  TET, OTC, DOX, CHLOR iffcsk  O-bnmolL - - ~50  [15]
(0.046 ng/mL)
%k TET R (0,%35 Irrllg/lr;LL)“ éﬁfﬂiﬁijmﬁ& ) =200 B
%k, TET #AIk 0.006 ng/mL 0.01~100ng/mL  87.7~109.8  ~150  [32]
KA OTC iE Btk 25 ng/mL 25~1 000 ng/mL 96~117 - [33]
B TET EHR (09'24156‘@‘;5;)& (1056217{011/;‘,;5355@“&% 93.1~1038  ~125  [34]
R - 0TC #hk 0229 ng/mL 1~100 000 ng/mL 87~99.3 - [35]
& TET, OTC, DOX, CHLOR ifefk  0.08~0.12 ng/mL 025~5ng/mL  63.53~10248 ~5 Ak
Er O RISk A A4 F; ELISA (Enzyme Linked Immunosorbent Assay, B&BE % Z R AN ), * AMEE R E
K.
3 4= B B PR CEL T R TR A AR R T R (] H [ e e R 2,

2018,48(11):1464-1474.
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63.53%~102.48%, KPR 5 min. SIA R
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