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Abstract: Antibiotic residues in dairy products pose serious threats to food safety and affect human
health. To accurately determine the level of sulfonamide and fluoroquinolone residues in milk, a
deep eutectic solvent and improved needle filter-based liquid membrane microextraction ( DES&INF-
LMME) method combined with high performance liquid chromatography (HPLC) was developed
for their determination in this study. Octanoic acid (hydrogen bond donor) and thymol (hydrogen
bond acceptor) were selected to synthesize hydrophobic deep eutectic solvent, which acted as
supporting liquid membrane (SLM) and extractant in the LMME process. Further investigations were
conducted to examine the effects of various factors on extraction efficiency, including type and

volume of DES, molar ratio of thymol to octanoic acid, type of extraction membrane, sample
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volume, salt type and addition amount, pH value, stirring speed and extraction time. The optimal
extraction conditions were determined as follows: DES: thymol-octanoic acid=2:1 (n/n), 100 wL;
filler membrane, polytetrafluoroethylene (PTFE); sample volume and pH, 30 mL (addition of 3
¢ ammonium sulfate) and pH=7; stirring speed, 400 r/min; extraction time, 35 min. Under the
optimized conditions, the proposed DES&INF-LMME-HPLC exhibited good linearity in the range
of 2.86-1 000 wg/L (#7>0.997 2), with limits of detection (LODs) (S/N=3) and limits of quantification
(LOQs) (S/N=10) ranging from 0.86-10.0 pg/L and 2.86-33.3 pg/L, respectively. The obtained
enrichment factors (EFs) ranged from 32 to 84 with recoveries of 99.4%-109.2%. The intra-day and
inter-day precisions at three spiked levels (low: 30 wg/L; medium: 50 pg/L; high: 100 wg/L),
expressed as relative standard deviations (RSDs), were no more than 4.9% and 5.3%, respectively
(n=6). This method has been successfully applied to the determination of four antibiotics in
commercially available milk products. The spiked recoveries for the four antibiotics at high,, medium
and low levels ranged from 88.9% to 113.4%. The proposed method is accurate, simple, sensitive
and eco-friendly, and could be a good reference to the development of new analytical method for
antibiotic residues in dairy products.

Keywords: deep eutectic solvent (DES) ; improved needle filter (INF) ; liquid-membrane mi-

croextraction (LMM ) ; antibiotic residues; milk samples
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Fig.1 Schematic diagram of improved needle filter
a. magnetic induction wire; b. filter body; c. film surface ex-
posed after grinding.
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Fig. 2 Schematic diagram of the liquid membrane microex-
traction method based on deep eutectic solvent
and improved needle filter (DES&INF-LMME)
SLM: support liquid film.
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Table 1 Composition of 14 DESs

DES HBA HBDI HBD2 Molar ratio Density/( g/mL) Melting point/C
DES-1 menthol hexanoic acid 1:2 0.9197 <-20
DES-2 heptanoic acid 1:2 0.9308 <=20
DES-3 octanoic acid 1:2 0.9326 4
DES-4 nerol formic acid 1:1:2 0.9583 <-20
DES-5 thymol hexanoic acid 1:1 0.9674 <-20
DES-6 heptanoic acid 1:1 0.9513 <-20
DES-7 octanoic acid 1:1 0.9665 4
DES-8 decanoic acid 1:1 0.9656 <-20
DES-9 hexanol 1:2 0.8969 <-20
DES-10 octanol 1:2 0.8961 <-20
DES-11 decyl alcohol 1:2 0.8752 0
DES-12 propylene glycol 2:1 0.9964 <-20
DES-13 nerol 1:1 0.9541 <-20
DES-14 coumarin 2:1 0.9811 <-20

HBA: hydrogen bond acceptor; HBD: hydrogen bond donor.
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Fig.3 Effects of (a) types of DES, (b) molar ratio of hymol and octanoic acid on the extraction efficiency (n=3)
GAT: gatifloxacin; SM1: sulfamerazine; SMX: sulfamethoxazole; FLE: fleroxacin.
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EF: enrichment factor.
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Fig. 7 Effect of (a) pH value of sample solution, (b) stirring speed, and (c¢) extraction time on the extraction efficiencies (n=3)
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FEFRRN Y, ZEHR L A 4 R H AR ME R
0.86~1.07(F& 2) , Ut B £ iy Ak B 110 2 4% 5k Jo o Jor 4
7% BRI 2 25 SRR M 5 /0N IR BH T AR 3k A N LS
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Table 2 Matrix effects (MEs) of the four analytes

MEs
Analyte
Sample 1 Sample 2 Sample 3 Sample 4
SM1 0.86 0.89 0.94 0.96
FLE 0.90 0.94 0.88 0.98
SMX 0.96 0.92 1.02 1.02
GAT 0.99 1.07 1.05 1.04

2.5 FHEZFWIE
251 ZEwHE BRHR. EERME EEHK

B 1 22 SR A b v T AR I W, 7 S5 A R Ak A5 1
T A HCH B G #E4T HPLC 4387, UL H A% 9 5 ht vk
JE SR A A A, X 7 06 T B A N A B 22 ) T 2R
m 3 PR, L& EEF b 2.86~1 000 pg/L
(FH X R EL17>0.997 2) o ARAEALES ERAT B A5 W T
(S/N)ITHHETfg , # 3 %5 10 5 S/N T ,LOD Fl&
R (LOQ) 4>~ 0.86~10 pwg/L Hl 2.86~33 wg/L.
XF 25 AR A= R i (100 we/L) R 4T 50 b7, 1158 4%
SR E R & i O 5 AR KO AT R 3
A BT E) EF Ol 32~84,
252 HEREEREE

TE 25 AR W5 FE i b 43 i 3R AT =K s (30,
50 F1 100 pg/L) U5, I 78 e AR L 1 2 440 247 m
B TSGR 5 o B INAR K 7E 1 d AT IE 6 IR
PATFEE H NS 5 B2 3 B A AR K P 1% 20052 6 d LA
TR H DR % % . 25 R WoR, BT 45 H N L H 8] RSD
¥1<5.3%, RUZ DTk B RIFARE % . R 30
pg/L B, 2R W AR R I R 99.4%~109.2% (=
3), 2% B T A N7 1 7 1 M R A
2.6 EEREESET

Wz Ik T 4 AT B SR AR b 4
Fi SAs Je FQs MR (& 4) S b 35 KK 1 1k
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Table 3 Analytical performance of the DES&INF-LMME method
Analyte Linear R LOD/ LOQ/ Recovery/ - Intra-RSDs/% (n=6) Inter-RSDs/% (n=6)
range/( pg/L) (pg/l)  (pg/L) % 30 pg/l 50 pg/L 100 pg/L 30 wg/L 50 pg/l 100 wg/L
SM1 13.8-1000  0.9972  4.13 13.8 109.2 36 2.6 4.9 1.4 4.1 5.2 5.0
SMX 33.3-1000  0.9981  10.0 333 99.4 32 34 2.6 4.3 4.0 4.6 4.2
FLE 2.86-1000  0.9990  0.86  2.86 102.6 34 4.2 1.6 3.1 3.1 4.2 1.3
GAT 15.4-1000  0.9973  4.62 154 103.3 71 0.9 3.6 3.6 3.2 4.8 5.3
7”: coefficient of determination.
PiA =GR . L RImbR S E R AR 3 A AR 0010, FLE
K F-(30.50 F1 100 pg/L) T, 4 Fhge A= 25 259 1 [al
W Ry 88.9%~113.4%, RSD<6.5%. [ 8 J& % i A 0.008 1 el
5 5 A 15 R b R it 1 € 3% P o006 'y SMX .
27 FELRBERFEE AITHETEMN 5 d
A B (L 5), A BT LOD B oou{—— " T
[ AR - A S QT 7 RN | < A S8 (193 . :
VRS S R R 7 i Ay 3 1 T A T N
4, 5 DLLME J5 "7l b, AR 7 vk JE 6 85 0, i 0.000- ~ a
b A B S 06 0 5 O L L A 7 o w0 e S 4 S S M
#/min

B AT FR Sk b AR AR EOAR | A X
ANTF s A YR SR AR D 1, HLE RS R ALAE fg
AWK A& o AHBET M A BLIE R G 1 O
AT LA I ) DES 1E 25 BRI (SLM) |, X 7854
Cibop g/

Sh it — 2 PE N 7 R IR BE R ), AR SCR

B8 EX4UHERMEiLE
Fig. 8 Chromatograms of real milk samples
a-d. real milk sample 1-4; e. milk sample 4 spiked at 50 p.g/L.

Complex-GAPI Fl AGREE ¥ 1 T & J7 ¥ 1 4% (4
i, Hovb Complex-GAPI 4% {5 3 72 7 J& I RE 5 2%

F4 EIWNFPHERP4FERITYWEMRERE(n=3)

Table 4 Spiked recoveries of the four target analytes in real milk samples (n=3)

. Sample 1 Sample 2 Sample 3 Sample 4
Analyte S(I;lg/id)/ Found/ RE/ RSD/ Found/ RE/ RSD/  Found/ RE/ RSD/  Found/ RE/ RSD/
(pg/L) % % (pg/L) % % (pg/L) % % (pg/L) % %
SM1 0 - ND - - ND - - ND - - ND -
30 32.8 109.2 0.9 31.5 105.1 6.5 34.0 113.4 5.4 28.8 95.9 4.4
50 53.1 106.3 6.1 44.5 88.9 0.6 51.1 102.2 4.2 51.9 103.8 6.5
100 91.8 91.8 3.6 95.3 95.3 33 101.9 101.9 5.9 91.4 91.4 0.3
Fle 0 - ND - - ND - - ND - - ND -
30 30.8 102.6 2.0 31.1 103.8 3.0 32.4 107.9 5.9 26.7 88.9 2.4
50 50.5 101.1 3.8 50.6 101.2 1.1 54.4 108.8 3.6 48.4 96.8 0.8
100 104.1 104.1 3.5 107.3 107.3 4.3 111.3 111.3 2.8 91.2 91.2 1.7
SMX 0 - ND - - ND - - ND - - ND -
30 29.8 99.4 1.8 30.9 103.3 6.0 28.6 95.4 2.1 30.7 102.4 6.2
50 52.3 104.7 4.1 49.6 99.3 1.7 46.8 93.6 2.9 54.9 109.8 2.8
100 99.2 99.2 4.2 101.7 101.7 1.5 100.9 100.9 5.6 94.4 94.4 1.5
GAT 0 - ND - - ND - - ND - - ND -
30 31.0 103.3 2.6 30.9 103.1 0.5 30.9 103.2 4.6 30.9 102.9 0.7
50 52.8 105.6 0.5 50.8 101.5 3.8 51.8 103.7 2.2 46.4 92.8 3.5
100 103.7 103.7 5.5 104.3 104.3 2.7 107.3 4.5 96.5 96.5 96.5 4.5

RE: recovery. ND:

not detected.
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Table 5 Comparison of the proposed method with other methods

Method Sample Analytes Extraction solvent Linear range LOD Recovery/%  Ref.
In-situ DES- meat FLE DES (200 pL) 40-4000 pg/kg 15 pg/kg 98.0-108.0  [38]
LPME-HPLC-FLD
VA-DLLME-DES- honey FLE DES (150 pL) 2-100 ng/L 3 ng/kg 84.9-100.1 [37]
UPLC-MS
QuEChERS- soil FLE, SM1, SMX acetonitrile (20 mL) 1-200 pg/L 2-5 ng/kg 56.6-120.2  [35]
UHPLC-MS/MS
SO-DLLME-DES- milk GAT DES (200 pL) 30-4800 pg/L 10 pg/L 96.5-104.9 [11]
BE-MECC
MMF-SPME-HPLC milk SMX, SM1 DES@MOF/MIP (desorp- 5-400 ng/L 1.4-2.1 pg/L 94.7-99.7 [36]

tion: 2 mL acetonitrile)
DES-AM-MLPME- urine SMX, SM1 DES as SLM (2 pL) 150-10000 wg/L 50-77 wg/L 88.0-96.0 [25]
HPLC
DES&INF-LMME- milk SM1, SMX, DES (100 L) 2.86-1000 pwg/L 0.86-10 pg/L 88.9-113.4  this
HPLC FLE, GAT work

FLD: fluorometric detection; VA: vortex-assisted; SO: salting out; MECC: micellar electrokinetic capillary chromatography;

MMF': multiple monolithic fiber; AM: agarose membranes; MOF/MIP: metal-organic framework /molecularly imprinted polymers.
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Fig. 9 Evaluation of (a, b) greenness and (c) practicability of the proposed DES&INF-LMME method
a. Complex-GAPI; b. AGREE; c. BAGIL
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