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Application progress of sample pretreatment QUEChERS method and new
adsorbents materials in the analysis of antibiotic residues in aquatic products
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ABSTRACT: The irrational use of antibiotics has brought a series of potential food safety risks to water products. A
wide variety of antibiotics with trace residues also bring new challenges to food safety detection. It is particularly
important to develop accurate, rapid, simple, efficient and safe pretreatment methods. QUEChERS method, as a new
sample pretreatment technology, has been gradually applied to the detection of antibiotic residues in aquatic products,
and can achieve a better recovery rate. Due to the high content of protein and lipid in aquatic products, the classical
QuEChERS method cannot meet the needs of antibiotic analysis. The improvement of extraction method and
purification method is the key to ensure the analysis results. This paper reviewed the principle characteristics of
QuEChERS method, summarized the main methodological improvements for the analysis of antibiotics in aquatic

products, and reviewed the literature on the application of the improved QuEChERS method for the analysis of
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antibiotic residues in aquatic products in the last decade. Nevertheless, this paper introduced the use of new adsorbent

materials in this field to provide a reference for exploring new purification methods. The purpose of this study was to

help inspectors to continuously optimize and improve QUEChERS method, and promote and expand the application

scope of QUEChERS method in the analysis of antibiotic residues in aquatic products.
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HAERA I R IR R AT ) Tk i B e 2 HAA
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WKV, WEZALT pe/kg(MR ), 4 R FHAT R 7 253K
RE AL 20 BE R R R ROMAR 635 - A BK BT ¥ (high
performance liquid chromatography tandem mass spectrometry,
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— BRI AL RTALBEE AR, B) QUECHhERS %, 1% )7Ll &
TR ZE M (liquid-liquid extraction, LLE)-5 435 [ AHZ£ HL
(dispersive solid-phase extraction, d-SPE)JF{HE!S200 JEIE i,
FoA iR AR S P (Quick) | AT (Easy) . Bitfft(Cheap) .
H B (Effect) . A i (Rugged) Tl 4 4x (Safe), #4555 i &
“QuEChERS”. £ QUEChERS Ay FELMAAIFE: (1)H-
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SCERIR, BeAh, FESRIUGR A 4 2 A 7 T A R0kE
UV T T S RO P 38 28 B A 3R S R i T v 1) 4 B
45411, #E QUEChERS HUSREGE R, 5 A K £k
FEARHUAE A KA i . BAT, 5 M BK 25 0



6900 1% A T R A

13 E

IKERRREE . FALEN . TRIRENSE, s AR

AR TR b, 8 — R ek SR 2 B
FEh AL BR 2%, L, ORISR G, IfxH
Ml o e AT ALk, A REs B B B, H AT,
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carbon black, GCB). PSA A LBRAF k28 51 ih AR M T 484
Ji; GCB Rl FEBRILF R EE T C18 fEh—FR
)R A R IR R, AT At R AR I, ok 2 A R T
Ze it o o K= SRR I & R K20 2%~20%"), (it %
B 5 PSA FI C18 1R L AW BR o220 5 DIk
TR S ALK

3 QuEChERS JATE/K P aaindE R4 F 95 A

LA IR, BiAE R EAE KA
B g R 2 A ), BRI T B R, FRIE K
7 LR L R A B AR AR DS | MRS | ot
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ali kB, ZE PR A QUEChERS A7 56 5 ki
B SRR R 24 RSP Rt R, fEHE
7 PSA. C18 K IG/KBREREE 3 Flidr Ak Mo e fb37) 2 [m] Wy
WIAH LS5 G (AL BOR I, DL PSA B PSA+JL/KBEREENE
AT, 15 PR RSB AE 2 R ERIET 70%. %7
P 300 mg C18+400 mg Jo/KBRBREEVE Jy Ak,
BATI B IR

K, FEf# ] QUEChERS ¥EFEFT/K ™ i Fp i ek
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16 4+50 mg PSA+50 mg CI8 1 JyfA: & M4 & .
LOMBARDO-AGUI 55 Ff QUEChERS 14347 1 ta 24 kE
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FISCHVER . %7738 10 Box-Behnken #3175 B Ak HEEL
R, RAWERAERBEEM N 125 g BifRs+2.2 mL
EDTA-Mcllvaine Z& R +5.0 mL Z i, Jy 8K IR g

ARG A Z R, [, AR 2
JOAHTAE B IR AR AR, PR, 468 QUEChERS 7k
P PR P= S RER B AT RARTE AU ER A5 . Bbnsyr
BT AR S R S, X R I AR R
32 MERZAZEREIH

TP AR EZ LR RIR R, BarE NI EE
XF K= fi Hp T AR TR B AT BB AT A L AR R A 2
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QuEChERS b7 /K ™ i rh 2285048 240 Hrist, i FAT
Fh2SHUAE ZIAME BT R K, (U R — 2 G 7ML 52
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KR PSRRI | RIFNERSS . WU R MR
KA KHAERENN 23 FE 20, ] 10 mL 26 £ FRE
BAr#, WA PSA+CIS+I/KE IR ILAl A . 45 RER,
W RN 30%~70%. I, #F5E & 242
FEHMARR . . Sk R FE ARSI #
JrikP, SHIN eI A QUECKERS 3 A A6 Ak 7= i
TR AR . TR TR . DUIR R AR INER 4 Kb RAEN
) 50 B 2it, ZEBRIUA R Ao A B MR ER 2% vl i S R
SR, I EDTA-Nay 7K %5 1k 0 DU PR 2 A s RS A:
R 54 EE TR%E, FeHSH B REN B KERTL
TR, DS 4 PUE R MR, SR BN, %R
PRl R AR EISCRIE RS 20%. 22305
URFFRE RS | SRMETRTEMZS | EREEEZS . DUMREZER), 7 3%
R Z G R HEA b, M EDTA /KIE R IREUA R R
P, PRUERE SR R RDBCR A R, 2SS R00 i 25
PUER R AR R TS 5, 3RAT RAFA I

Wil BT R R KR R, B S A B mE B AR
15 BT A €2 % - DU A AT - AT B[] 5T 3% ¥ (high performance
liquid chromatography-quadrupole-time-of-flight mass spectrometry,
UPLC-Q-TOF-MS) H fij i B 32 ¥ 7 F 21K 77 i 2 4l ik
3[R B ARG S PR i 43 Hr . UPLC-Q-TOF-MS BEfE X
oA W0 1 WS Il o T R R TR e M, FERRCOR AR |
REAR T XEVBORE € 15 119 43 B B3R, AT I o i HE B 52 2 B
JRS AT TR T IR B S B R, TE
ZRPUE R RN I, {OR 26 2 R 5L R 1k £ T
A SEBL AT AR B34 GAO 255 il QUEChERS
A UPLC-Q-TOF-MS X B | B 3 [ X% R FH 4 2% 75 18
3 IR SRR LB R 49 Rl R 2 5% B IS DLk T AT,
LI 3% TR ZHEAENARIGH], PSA-C18 A4 AWkt [A]
B SR R IE 38 S B T Ab BR B 7 R I R 4 4 U, 3R AR

THAE A IR T #ESE IR UPLC-Q-TOF-MS
&, A 15mL 285, 2 g KBBREEF 500 mg A
AR, EE 7T — O (5 PR S A PR O A i, ] A
AKE S AL ER R N . M S . DUIR 2L R SR
X KAMNERZE . B-N RSP AE RAE NG 37 Fh B2y
BRI DL

PRFC S 1) Jo 33 A6 T AL 2 S K ™= b i A R &
KL, HREEENE, BT AHbUER
B PR 1 T 2 5, S B TAE v ARMECRAIE BT AT E AR 43 BT i
EnEE . 53 4B T QUEChERS ¥ 1 Bk Ablesi v, AT
e FHEOLT P R HER TR Re o2 2k, M55 %
ACER AT IR B AT, ARZE 5 A 5 i S R 1) Bk
N PRI, AT e BRI S P R BUSOR, A
EURWHE AL 2 QUEChERS $iK .

4 BB R K P s RN PR N

BEHE XS QUECHhERS YAMIAWITRAMIFE, —Le7 R
R 300 HH BT R oKk b 2R AR o, R B B
AR LR

gk BB % [fF 55 (zirconium  dioxide based sorbents,
Z-Sep) R0 iR e it 2= B8 5 [ 57 (enhanced matix removal
lipid, EMR-Lipid), 34 & UF 32T 2 25 0l /MR b 56 5 b IR 5T
B R P O84S0 A A SRR Y Z-Sep S —
AT FH T B ARG 5 S5 i 7 R €8 2 K S A S 28 % A R
KALOGEROPOULOU % **){fi Ffi £ i QuEChERS #2557k,
FIFH 50 mg Y Z-Sep 1E AL B3I, I S 80m A €0
T - DU AR AT/ R 37 #0008 2 B T3 7 (ultra performance

liquid chromatography-quadrupole/electrostatic field orbitrap
mass spectrometry, UHPLC-Qorbitrap-MS)3Z Bl i 254 5
fL 55 WM R PUAE RAENRY 23 Fh 25 9 B0 [m) ik I GE
EMR-Lipid /& — 80 % 7E T 2 BRI 28 T4 i 2 Ak bF
Kho SRETSEIHNT FRRK T S 15 Rl i A R AR
AN J7 vk o %5 15 DA AR 7 5 k1 OB S A X 4%
{1} EMR-Lipid dSPE #1714+l SR IR, 15 R i
HPUE O R GE 75.8%~112.3% . CASTILLA-
FERNANDEZ 4504 i i 11 55 Sk £ s JUIL PR o 56 S RF:
f# F§ EMR-Lipid dSPE &2 K QUEChERS ¥k 73, 7
T TP AR R S R TR R BT AR R AE N Y 105 R[]
BTk, 453 R, EMR-Lipid dSPE 45 BB A 3L LBk G
ALY, i RE BBV AR B 2 A

UKD R I T AF A 3R 3205 2 AT 06 T i 2
QuEChERS btz —, FFE A &R HN 2 K7™ i
Pk Kok Y, (7 8497 (graphene, G)Ely— Rl AT i
157 Lb 2 BN e HE AR I RE ) ZERR AR AR, ek
TR AT LA - O RS 0 B % R i R 23, B e
2, LU %PF QuEChERS YA f A p 12 Rl A bt
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AR, A BRI S AT B ARAS G R b, (7 10 mg £7
SR 150 mg ToKBRIRBEE ik 15 22 4t QUEChERS 74
FHECEG KB, A1 A0 Re T A AP ot B A0

% BE Bk 40 oK % (multi-walled carbon nanotubes,
MWCNTs)Je&— i A7 820 1 )2 46 il g i — ZE QA R A4 R
AR —F d-SPE & AUIEK5R, FT QuEChERS fy#fbid
e, BLE RN R AE R R, 3T MWCNTs
AIRESE b, A2 IR R R IT Rk S P 2 A 3
e e E . SONG P HRIE T —Fh L MWCNTSs Sy b
BEOEL (4 87 B d-SPE & B, R PR B B b B b R
(multi-plug filtration clean-up, m-PFC), RJ JLFP P 5EAUAE
Hrfd AR, Sl G A Sk . 7E m-PFC J7 iy Al
b, BT AR A SRR AL PR, ST F)
KPS AT HR 2022 4F MU 25910 m-PFC Ry 3Ei, JF
KT A A s bR R, SEBL PR EUE B S

Hh 18 Pz AR FA L, 2 min AR RT S8 B 10 AR A4 ] e
ik, ZHOU 458K 4 QUEChERS Ml m-PFC ik, JFR
T — AR R A SRR G R, AR
i - = DU AT A2 A MR T B B 7 (high performance
liquid chromatography-triple quadrupole composite linear ion
trap mass spectrometry, HPLC-QTRAP-MS/MS)[w] A} 43 Hr &

LA H SRR RSB AE R AN 9 B . Tk
PEVERT R, ATSCEL 50 AMAE ah R B el A

Y34b, W EAN Kk F (magnetic nanoparticles, MNP)P>®!
= B EU 48 (melamine sponge, MS)E 7124 H At 57 78 W% ff
FARIA,3% 815 FH #20K QUECHERS 35+, 5 B G 2K 3
X B A B W IR R T B A AR R A, IERI LR
HIE A BCR, (B 8 A DL R, 7™ i 2 5 Hh A e
A ZER R, BRFRASE . HHETE M4 QuEChERS
FEAK T b A R R BB A BT AR SR U LR 1.

#&1 [EMS QuEChERS SETEK =R P HE RERE N HHMARER

Table 1 Research situation of antibiotic residue analysis in aquatic products by QuEChERS method at home and abroad

. EChERS .
B b7 = FHE O OWE 5%
LT oL SR - L Wk ik ik
JAK R
Tl e 22 A . 50 mg PSA . 150 mg C18, UPLC-MS
A 1% H 75 ke T A ) _
i 4 w2 20 mL 0.1%H i 2.1 20 g JL/KBR R AN 150 mg JoK BiRREE 78~118 MS [27]
fiE s 12 F 4 ¢ TAKBFREE, 1g 10 mg A28 . 150 mg UPLC-MS
gl 10 mL 1%Z. 8 2. 1% . 1~101 2
" w2 ml 1% LT AL KB 0L TN 128
Ttk e 24 Ff 2 mL 4K | . 300 mg C18, 400 mg UPLC-MS
£ [ i) 5 15g% - . o~
£ Al w2 10 mL 2.1 g AfbAN KRR 80~116 MS [32]
g EARR IS 5 mL 5% i 2,15 4 g LA 50 mg PSA. 50 mg C18 HPLC-QT
o BEER i zh m o ] g G4 mg N mg 72~102 OF-MS [34]

4 g JOKFRIREE, 1¢g

WA R 8

Gk, 1 g FPEERE 150 mg C18. 900 mg &

A 10 mL 5%H B2 2116 o - 72~108  UPLC 35
A Rz m T 05 e bR KR (351
kA
i FMEVHIIZE 10 mL 1% MR A5 (F 0.1 g 50 mg PSA . 150 mg C18., 7120 UPLC-MS 38]
- 6 FlE 2y EDTA-Na,) 900 mg JG/K B AR 4 /MS
SIS 8 mL 1% R ZNE . 2mL 1%H EMR-Lipid UPLC-MS
fhy R ISR B R £ -
B SR mokm Tk, vy SRR dSPE %% 712 g 49
PUFREK 5 5mL ZJff. 22 mL UPLC-MS
61 A - 1.25 g Bifasi ~
i Rz EDTA-Mcllvaine 2113 g BR S0 mg C18 80105 \rs [42]
P e e s 2 2 g KBREREE .0.5g  50mg C18, 250 mg LC-MS/
£ ) 15 mL 1% R NG e 62~79 40
S ml 1%L AL TR vs 40
K 3 3g TKERIREE. 2g 150 mg PSA. 300 mg UPLC-MS
i} 10mL 0.1% HERZNIE 84~106 41
B s ml 0.1 HRE A e A ms 41
. B-NBEE " . 200 mg C18. 500 mg UPLC-MS
K 0, 7y ES 2 TEES -
(LI S 0 FhiZh 5 mL 1% & 20 2 g B P 85~113 MS [21]
L TESERR M 4o TKBRBRE:E, 1¢g UPLC-MS
£ 4 _ ~
o, WFE § Fl 25 12mL ZJiF. 8 mL 4k AL 75~92 MS [58]
4 g JoKBREREE |
- X 1 g AL, 1 g #riE
a1 K 10 mL ZJi% R —KEW. 0.5 ~
i A B2 3K 23 7 mL ZJi& BREN — K5 g me TR 61~116 IMS [23]
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. EChERS )
B e FHE WE 5%
IR Koy S Dn}zzk;u ) Wk, ik ok
i
TE i . SRMEIEHA . WEAE 1 mL Z4lK. 0.4 mL 50 mg PSA, 150 mg
FHUF EE. PUIRE 4 28390E 0.1 mol/L EDTA ¥ - C18. 900 mg JL/AKHE  70~110 Upﬁ\%Ms [30]
RIENR) 27 Freazh 8.6 mL 3%ERILZNE gz
B . TR . BRI N A
. AFE RRBATRON A% 0mLvz iz oS0 KPR Te R 200me CI8 Msome o Vot 1)
FEAEMHG 49 FHEZ et PoA ]
i SN
"fﬂ; ;ﬂﬁf jﬁfgﬁiﬂs 4g BB . 1 g 50mgPSA. 150 mg s
N N C o N, . . " -
A St 246G 30 Fi 30mL 0. 1%HERZIE  fbil. 1.55 ZKFEEE C18. 900 mg JCKER MS [40]
TR =4 RN
KIFPIEE . ARATHE . i
fi, Dl , . 10 mL 5% RN . ) ) -
v st g (0TSRRI gy g e SOMEPSAL 10mE g gy UPLEMS g
IS 9 14 FhELZE 2 mL B4l C18
G R e, 16 mL S% RS .
" e 4 ek 22z 4mL 0.1 mol/L 4 g JUKBRIRH . 1¢ 50 mg C18., g, HPLC-MS
a4 FH%V:*BZM?;S:?%& EDTA-Nay-Mellvaine ey 300 mg Tokmme 207 Ms [31]
925 FiE2Yy B phE W
9 mL 2 mmol/L H!ig4k-
e, s, w7 R e e s
f, MR % OKIRNES 4 2550 Thh T B} mg ESA - -
- HFX $%ZZ:§EZ%§%E 0.1 mol/L EDTA 7£ 250 mg C18 68111 MS 431
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