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ABSTRACT: Although tetracyclines and macrolides are common additives for animal nutrition, methods for their simultaneous
determination in animal feeds are nonexistent. By coupling an organic extraction and solid-phase extraction cleanup to a high-
performance liquid chromatography separation and a nonaqueous postcolumn derivatization, we succeeded in detecting from 0.2
to 24.0 ug kg™' of tetracycline, oxytetracycline, chlortetracycline, doxycycline, tigecycline, and 4-epitetracycline in this complex
and heterogeneous matrix. Minocycline and tylosin could also be detected with our procedure, but using UV spectrophotometry
(1.5 < LOD < 1.9 mg kg™'). Linear responses with correlation coefficients between 0.996 and 0.999 were obtained for all
analytes in the 0.5—10 mg kg™' concentration range. Average recoveries between 59 and 97% and between 98 and 102% were
obtained for the tetracyclines and tylosin, respectively. Replicate standard deviations were typically below 5%. When this method
was applied to 20 feeds marketed in Costa Rica, we detected labeling inconsistencies, banned mixtures of tetracyclines, and
tetracycline concentrations that contravene international regulation.
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B INTRODUCTION

Because of their commercial availability and low cost,
antibiotics from different families are added to animal feeds
to enhance animal production.' In this context, antibiotic
dosing must be carefully monitored to achieve the agronomic
results that justify the use of these drugs, reduce the negative
environmental and sanitary consequences of releasing anti-
biotics to agroecosystems,2 prevent farmer exposure,z”’4 and
protect the consumers.

The tetracyclines (TCs) are among the most frequently and
intensively used antibiotics in livestock production and
veterinary medicine.’ These compounds are unstable in
solution,” and for this reason, their epimers are also subject
to regulation’® A number of TCs and TC epimers can
nowadays be determined in animal tissues, meats, and honey by
reverse phase high-performance liquid chromatography
(HPLC) of solid phase extracts, and although these compounds
can be detected by ultraviolet light (UV), fluorescence, or mass
spectrometry, the relatively poor sensitivity of UV, the high cost
of LC-MS instruments, and the limitations in sample
preparation and matrix effects linked to LC-MS” have favored
the determination of fluorescence derivatives.

The performance of metal chelators such as Mg**, AI**, and
Zr* in the derivatization of chlortetracycline (CTC), TC,
doxycycline (DC), and oxytetracycline (OTC) has been
studied,"* and several buffers and pH conditions have been
assayed to enhance the fluorescence of TCs chelates.''
Methods capable of detecting down to 0.25 ug kg™' of OTC
and TC in muscle tissue by fluorescence are available;'>"
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however, they can still be improved regarding environmental,
extraction, and sensitivity issues.

Tylosin (TY) is a macrolide employed in veterinary but not
in human medicine. In some countries, this antibiotic is
approved for the treatment of pneumonia and metritis in beef
cattle, ' erysipela, lpneumonia, proliferative enteropathy, and
dysentery in swine,® and respiratory diseases in poultry.'® The
detection of macrolides in food matrices is regularly achieved
through UV-liquid chromatography'”'® or electrochemical
detection of extracts obtained with polymeric'® or silica solid-
phase extraction (SPE) cartridges.”® The sensitivity of these
methods is satisfactory.21 However, they cannot detect other
families of antibiotics, and their extraction steps are somewhat
time—consuming.l&lg’22

As it is desirable to detect multiple analytes in a single
analysis”® and bearing in mind that animal feeds contain
antibiotics from different families, we developed a selective,
accurate, and fast HPLC method for simultaneous determi-
nation of five first-, second-, and third-generation TCs, an
epimer of TC, and tylosin in animal feeds. Besides the wide
range of analytes covered, the proposed method is pioneering
in coupling organic extraction to SPE** and later on to a
nonaqueous derivatization system. The method can be fully
accomplished in 12 min, and the amounts of methanol,
dimethyl sulfoxide (DMSO), acetonitrile, and diluted trifluoro-
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Figure 1. Chemical structure of the analytes covered by the proposed method. From top to bottom: first-generation TCs, second-generation TCs,
third-generation TCs, an epimeric derivative of TC (4ET), and the macrolide tylosin.

acetic acid needed per run do not exceed 13 mlL, converting it
in an attractive green and safe technique.

Once validated, the method was applied to 20 commercial
feed samples marketed in Costa Rica. The results of this survey
are of sanitary and environmental relevance, as antibiotic dosing
in feeds evades regulation in the developing world due to the
lack of low-cost methods for multianalyte detection of
antibiotics.

B MATERIALS AND METHODS

Reagents and Materials. TC, OTC, CTC, minocycline (MC),
doxycycline (DC), 4-epitetracycline (4ET), and TY standards, as well
as dihydrate oxalic acid and trichloroacetic acid were purchased from
Sigma-Aldrich. Tigecycline (TG) was obtained from Xingcheng
Chempharm Co., Ltd. Acetonitrile and methanol were purchased
from J. T. Baker Reagent Chemicals (HPLC grade). Water with a final
conductivity of 0.055 uS/cm was obtained with a Millipore Milli-Q
Advantage A10 system. SPE columns packed with hydrophilic—
lipophilic balance (HLB) sorbent were obtained from Waters (Oasis,
33 um, 60 mg, 3 mL). The chemical structures of the analytes detected
by the proposed method are presented in Figure 1.

Preparation of Stock and Working Solutions of Standards.
Stock standard solutions of 100 ug mL ™" were prepared by dissolving
2.5 + 0.1 mg of TC, OTC, CTC, MC, DC, TG, 4ET, and TY in 25
mL of methanol. These solutions are stable for 6 months if stored
below —18 °C in amber glass recipients.” Combined working standard
solutions containing 10 to 0.5 pg mL™' of the antibiotics were
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prepared by diluting stock solutions in methanol. These working
solutions are stable for 1 month at 4 °C in the dark.”

Analyte Extraction and SPE Purification. Feed samples were
sieved through a mesh opening size of 48 (0.297 mm). Five grams of
sieved feed was then mixed with 20 mL of a methanolic solution
containing 0.5 g citric acid and 2 mL nitric acid/100 mL. After
homogenization for 1 min using an Ultraturrax (IKA T10 basic), the
particles were separated from the solvent by centrifugation at 2500g
for 10 min. The resulting pellets were mixed once again with 10 mL of
the methanolic solution, and both extracts were pooled, centrifuged for
1S min at 2500g, and quantitatively transferred through Whatman 541
filters to S0 mL volumetric flasks that were filled up with methanol.
These diluted extracts were loaded onto HLB columns that were
preconditioned with 3 mL of methanol, 1 mL of 20 mM HC], and 3
mL of water, in that order. Thereafter, the SPE columns were washed
with 3 mL of 20 mM oxalic acid buffer (pH 4.0) and 2 mL of water
and dried by applying vacuum for 10 min. The analytes were eluted
with 4 aliquots of 500 uL of methanol.

Instrumentation. We used an Agilent 1200 series HPLC system
equipped with a quaternary pump, fluorescence and variable
wavelength detectors, autosampler, a column oven, a Zorbax SB C18
column (3 ym, 250 mm X 4.6 mm), and a temperated Pickering
Laboratories Pinnacle PCX postcolumn derivatization system.

Chromatographic Conditions and Analyte Derivatization. A
gradient of acetonitrile (A) and 20 mM trifluoroacetic acid in water
(B) was used as a mobile phase at a flow rate of 0.7 mL min™": 0—10
min: 15% A, 85% B; 10—15 min: 60% A, 40% B. Fluorescent
derivatives of TC, OTC, CTC, DC, TG, and 4ET were generated with
DMSO, 1,4-dioxane, acetic acid, 2-ethoxyethanol (2-EE), ethyl acetate,
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Figure 2. Proposed extraction (A) and cleanup procedure (B) for simultaneous HPLC determination of first-, second-, and third-generation TCs,

4ET, and tylosin in animal feeds.

N,N-dimethylformamide (DMF), N-dimethyl-2-pyrrolidone (DMP)
or N,N-dimethylacetamide (DMAC), and 0.1 M magnesium acetate at
a flow rate of 0.15 mL min~" at 30 °C. These derivatives emit light at
473 nm after excitation at 399 nm. MC and TY were quantified with
the UV detector at 355 and 280 nm, respectively. A diagram
summarizing the final extraction and analytical procedure is presented
in Figure 2.

Method Validation. To confirm that common feed components
do not coelute with the analytes, seven nonmedicated feeds from LGC
and the Association of American Feed Control Officials (AAFCO), as
well as certified feeds from the Animal Feeds Scheme (AFPS), were
analyzed with the proposed method. The accuracy was measured as
the percent of deviation of results obtained for seven standard
solutions of known concentration. Repeatability and intermediate
precision were investigated by assaying blank fish feed samples spiked
at the 0.05, 1, 50, 200, and 400 mg kg™ levels 10 times on a single day
and on different days. Linearity was evaluated by means of regressions
relating peak areas to analyte concentrations in the 0.5—10 mg kg™
range. Limits of detection (LOD) and limits of quantification (LOQ)
were defined as the analyte concentrations that could be detected with
signal-to-noise ratios (S/N) > 3.3 or that yielded peaks with S/N > 10,
respectively. S/N values were obtained by lineal regression simple
precision calculation (ie, 3s/m) and blank feed baseline inspection.
LODs were corroborated with the lowest spike level. Recoveries were
determined with 10 samples of unmedicated fish feed to which
different concentrations of the analytes were added before extraction.
With the exception of TG and 4ET, fortification levels of 0.0S, 1, 50,
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200, or 400 mg kg™" were tested for the TCs. These spike levels where
chosen based on the concentrations of OTC and CTC in animal feeds
allowed by the Food and Drug Administration (FDA).** The recovery
of TG and 4ET was determined with less spike levels because TG is
not expected to be present in animal feeds and because 4ET—if
present at all—should only be found in feeds that were stored for long
periods of time. The TY recovery was determined using fortification
levels of 50 and 900 mg kg™". To ensure proper analyte identification
and adequate performance of the chromatographic system, retention
times (Ry) + 3 standard deviations, number of theoretical plates (N),
and tailing factors (T;) were determined for 10 blank feed samples
spiked with 50 mg kg™" of each antibiotic.

Statistical Analyses. Associations between the dielectric constants
of the solvents and the fluorescence of the derivatives were assessed by
means of Spearman's correlation coeflicients. In addition, a Kruskal—
Wallis test was employed to evidence differences in the fluorescence
intensity of derivatives prepared with various solvents.

Application of the Method to Commercial Feed Samples.
The method depicted in Figure 2 was applied to feed for diverse
growing stages of shrimp (n = 7), tilapia (n = S), swine (n = 4), and
poultry (n = 4) collected by government inspectors in 15 Costa Rican
mills. To avoid analyte degradation, the field samples were stored at 2
°C in a dry and dark environment for a maximum of 30 days before
analysis. A medicated starter feed for suckling pigs obtained from
AAFCO was analyzed in parallel to verify the accuracy of the method
(check sample no. 201021).

dx.doi.org/10.1021/jf301403f | J. Agric. Food Chem. 2012, 60, 7121-7128
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B RESULTS AND DISCUSSION

While others use the aqueous-based Mcllvaine/ethylenediami-
netetraacetic acid (EDTA) buffer at pH 4 to extract TCs,> we
preferred a methanolic solution containing citric and nitric acid
to eliminate the phase separation and filtration steps associated
with the former buffer. This nonaqueous extraction is
advantageous because the TCs are more soluble in methanol
than in water”*® and also because methanol facilitates
solvation of calcium and magnesium ions, which are found in
relatively high concentrations and are bound to other
components of the animal feeds”””® and interfere in the
determination of TCs.”” These divalent cations were removed
with the cost-effective chelating agent citric acid, and nitric acid
was added to overcome the propensity of methanol to extract
excessive matrix material”® and to denature proteins and nucleic
acids that could interact with the analytes. Addition of >0.5 g of
citric acid to 50 mL of the methanolic extraction solution did
not improve the recovery rates of five of the TCs covered by
the method (data not shown). On the other hand, elimination
of citric and nitric acid from the extraction buffer drastically
reduced recoveries, whereas the addition of more than 2 mL
nitric acid/100 mL extraction solution was unnecessary (data
not shown).

The pH of the extraction solution was kept low to protonate
the secondary amine group at position 4 of the A ring of the
TCs and thereby promote their binding to the N-vinyl-
pyrrolidone moiety of the HLB stationary phase. Furthermore,
this low pH increases the solubility of tylosin in methanol due
to protonation of the 4-dimethylamino group in its pyranose
ring (pK, = 7.7). HLB SPE columns were preferred because
their sorbent retains both polar and nonpolar drugs without
collapse at low pH and also because they do not exhibit the
silanol activity of some C-18 SPE cartridges.*

With few exceptions, the TCs with the lowest LOD showed
the poorest recoveries (Table 1). The average recoveries of
OTC (62.3%) and TC (74.4%) were much lower than those
determined for CTC (94.5%) and DC (94.6%), whereas the
average recovery of MC was intermediate (83.2%). In
opposition to its low LOD, the average spike recovery of
tylosin was particularly high (>98%) (Table 2).

As the most polar TCs (OTC and TC) could be lost during
washing of the SPE columns, we tested whether replacement of
water by solvents of lower polarity would improve their
recoveries. Cartridge cleanup with ethyl acetate or with
methanolic 10 mmol/L oxalic acid and ethyl acetate (1:3)
improved the recovery of OTC in ca. 20%. However, we did
not adopt this modification to maintain a one-step-one-solvent
extraction method and also because it did not improve the
recovery of other TCs. We assume that the lower losses of MC
in the SPE cleanup are due to its two amine groups, as they
have the potential to strongly interact with the HLB sorbent
upon protonation. On the other hand, the chlorine atom in
CTC, which turns this molecule into a very eflicient Lewis acid
and a strong chelating agent, may be the cause of its slow
extraction from the feeds (data not shown).

The retention times of the TCs loosely correlated with their
octanol—water partitions: MC (log K,,, = —1.93, RT = 4.46),
TC (log K,,, = —0.890, RT = 6.42), OTC (log K,,, = —1.131,
RT =7.27), 4ET (log K, = —1.2, RT = 8.52), CTC (log K, =
—0.360, RT = 9.44), and DC (log K,,,, = —0.220, RT = 10.06).
Despite the strong structural similarity of TC and its reversible
epimer 4ET, our gradient elution separated both compounds
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Table 1. Recovery of TCs with the Proposed Method

standard

analyte spike level (mg kg™') average recovery (%)* deviation”
0.05 60.1 6.3
1 61.2 3.1
OTC S0 68.8 6.5
200 63.0 4.9
400 59.4 4.3
0.0S 782 11.2
1 74.7 3.9
TC S0 81.0 4.5
200 70.0 3.5
400 723 4.8
0.05 82.8 7.2
1 86.3 14
CTC 50 93.3 32
200 924 4.0
400 97.7 2.5
0.05 91.5 13.0
1 88.6 3.3
DC S0 95.6 44
200 96.4 1.0
400 92.0 3.0
5 84.1 3.5
MC S0 87.6 4.1
200 80.8 5.7
400 81.3 4.2
0.05 89.8 12.1
4ET 1 88.8 14

S0 78.2 7.82

0.05 80.2 10.6
TG 1 83.4 4.6
NY 89.8 22

“Mean of 10 replicates.

Table 2. Recovery of Tylosin with the Proposed Method

spike level average recovery standard deviation
analyte mg kg™!) (%)* (%)*
0.2 102.8 R
Y S 3.07
907 98.6 1.48

“Mean of 10 replicates.

satisfactorily (Figure 3B,C). TY (log K,,, = 1.630, RT = 11.81)
eluted after acetonitrile reached its maximum concentration in
the mobile phase (Figure 3D). Tailing factors for all analyte
responses invariably lied below 2, theoretical plates ranged from
4 X 10* to 13 X 10% and capacity factors (k') oscillated
between 1.51 and 2.65. No interferents were observed in the
elution regions of the analytes (Figure 3F).

The TCs emit fluorescence due to their S-diketone system at
positions 11 and 12 of the C ring, enol groups at positions 1
and 3, and the carboxamide at position 2 of the A ring.***!
Aqueous buffers based on boric acid have been traditionally
used to yield fluorescent derivatives of TCs.'>'>'* However,
stronger signals for 4-ET, OTC, TC, CTC, and DC have been
obtained in recent times with DMF and DMAC in combination

dx.doi.org/10.1021/jf301403f | J. Agric. Food Chem. 2012, 60, 7121-7128
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Figure 3. (A) Detection of CTC in reference sample P-964 with the
proposed HPLC method. (B) Fluorescence detection of a mixture of
TCs in methanol at a final concentration of 500 ng mL™" each. (C)
UV detection of a mixture of TCs in methanol at a final concentration
of 500 ng mL™" each. (D) UV detection of CTC in a sample of fish
feed. (E) UV analysis of a fish feed spiked with 20 ug of each analyte.
The vertical arrow at 10 min indicates a wavelength shift from 355 to
285 nm to allow detection of tylosin. (F) Chromatogram of an
unmedicated pig starter feed sample.

with 0.01 mol L™! oxalic acid."" From all of the solvents used
for derivatization, DMSO gave rise to the strongest signals, and
derivatives of OTC and TC exhibited the strongest
fluorescence overall (Figure 4). No fluorescence was observed
when the TCs were derivatized with 1,4-dioxane, acetic acid, or
ethyl acetate, and unspecific signals were obtained with ethanol
(EtOH). Interestingly, the fluorescence of the derivatives and
the dielectric constants of DMF, DMSO, DMP, and DMAC
were negatively related (Spearman's p: —0.855, p < 0.01),
s . s 32 . .
possibly due to solvatochromic shifts.”” The superiority of
DMSO could be a consequence of its high dipole moment and
) . 3l
capacity to promote the extended conformation of TCs.”" In
addition, DMSO enhances the acid—base properties of acetate
and promotes the complexation of deprotonated TCs with
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Figure 4. Fluorescence intensity of postcolumn derivatives of four TCs
generated with DMSO (46.6 D), DMAC (37.8 D), DMF (36.7 D),
DMP (32.2 D), EtOH (22.4 D), BtOH (16.56 D), FAD (2.4 D), and
2-EE (5.3 D). The dielectric constants of these solvents at 20 °C are
shown in parentheses. Bars represent the mean of three replicates, and
error bars depict standard deviations. The fluorescence obtained with
DMSO was significantly higher than that obtained with aqueous buffer
(BA) (**, p < 0.001) or with DMF (*, p < 0.01).

magnesium,” and the solubility of Mg acetate in DMSO is
sufficient to immediately generate complexes with the amounts
of TCs expected in the samples. Moreover, DMSO is less toxic
than DMF, DMP, or DMAC, it can be degraded by biological
systems,>** and it is highly soluble in water, diminishing the
chance of crystal formation in the HPLC tubing. Further work
should be done to control undesired reactions that could
diminish the sensitivity of our assay, such as reversed-
coordination between magnesium and acetate during derivati-
zation.>

In ascending order of sensitivity, OTC, TC, CTC, DC, and
TG were detected by fluorescence down to ug kg™' levels
(Table 3). 4ET could also be detected by fluorescence, but its
LOD was approximately 100 times higher than that obtained
for other TCs (Table 3). MC is also a TC, but it did not emit
fluorescence under our experimental conditions perhaps due to
some degree of structural hindrance during chelation or to the
high electron donor capability of its amine group in carbon
atom 7 of the ring D.>” Nonetheless, MC—as any other TC—
absorbs light in the 350—355 nm range. We have achieved ug
kg_1 sensitivities for MC and 4ET, but this improvement
requires elution with a concentration of oxalic acid that could
lead to some degree of precipitation (>50 mmol/L; data not
shown).

LODs of MC and TY were in the mg kg™' range (Table 3).
TY does not emit fluorescence probably due to its lack of
rigidity. However, it has a relatively strong absorption peak at
290 nm that enables its detection by UV. As some feeds contain
urea phosphate and urea may react with TY to produce double
peaks in HPLC-UV/DAD analyses,* the temperature of the
column oven was maintained at 45 °C. A diode array detector
and a different solid extraction sorbent could be considered to
lower the detection limit obtained for this macrolide.

All analytes exhibited linear responses in the 0.5—10 mg kg™
concentration range with correlation coeflicients ranging from
0.9965 to 0.9999 (Table 3). Replicate standard deviations
(RSDs) were typically below 5%, except for the lower spike
level (Table 1). DC exhibited the lowest RSD overall (1—3% at

dx.doi.org/10.1021/jf301403f | J. Agric. Food Chem. 2012, 60, 7121-7128
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Table 3. Linearity, LODs, and LOQs of Five TCs, One Epimer of TC, and Tylosin with a Multianalyte HPLC Method

analyte detection linear regression

TC y = (343 + 0.1)x — (47.5 + 32)
OTC y=(323 £ 02)x — (179 + 2.0)
CTC y= (223 £ 02)x — (449 £+ 2.9)

fluorescence

DC y= (271 £ 03)x — (116 + 1.1)
TG y = (282 £ 03)x + (103 = 1.3)
4ET y = (157 + 0.5)x — (10 + 0.7)

MC v y = (313 + 04)x — (40.1 + 32)
TY y=(25.7 £ 04)x — (3.8 + 1.0)

Pearson's coefficient

LOD/LOQ (ug kg™* or mg kg™")“

0.9999 0.2/0.6
0.9999 0.5/1.5
0.9999 0.2/0.6
0.9987 0.5/1.5
0.9996 7.8/23.6
0.9998 24.0/72.7
0.9996 0.5/1.5
0.9965 1.9/5.6

“ug kg™ for all TCs except MC and mg kg™ for compounds detected with UV spectrophotometry.

Table 4. Application of the Proposed Multianalyte HPLC Method to Samples of Animal Feed Marketed in Costa Rica

analytes detected (mg kg_l)c’d

sample” antibiotic reported in the label (mg kg_l)b CTC
P-964” CTC (364.0) 357.1
P-967 none 501.7
P-968 CTC (100) 126.1
P-969 none 124.8
P-970 CTC (230)

P-971 none 229.0
C-972 none 34.7
C-973 OTC (200) 98.7
C-974 NR

C-975 OTC (50), DC (NR), TY (50) 197.5
F-976 none 90.1
F-977 OTC (120)

F-978 none

F-979 none

F-980 none 40.1
F-981 none

S-1000 none 164.8
S-1001 none 28.8
S-1002 none

S-1003 none 51.7
S-1006 none 114.2
S-1008 none 24.8

TC OTC DC result interpretation®
84.7 68.1 68.0 1
70.8 3
21.1 1
27.1 2 4
182.0 196.9 168.7 1,2
1
338 60.1 2 4
487.8 1
127.1 69.7 66.6 2,34
84.0 57.6 34.5 1,2
90.5 4
2070.0 1
94.5 2246.2 26.7 1,2
37.2 134.5 16.4 1,2
2014.2 1
689 1,2
12,5 1,2
1433 12
44.7 1,2
1,2
34 1,2

“P, swine feed; C, poultry feed; F, fish feed; and S, shrimp feed. ’NR, not reported. “The results are expressed as the mean of three replicates.
Standard deviations were invariably below 10%. “Tylosin was not detected in any of the samples. “Result interpretation: 1, antibiotic detected in
nonmedicated feed; 2, unexpected antibiotics detected; 3, concentration detected > concentration reported; and 4, concentration detected <
concentration reported. % Sample 964 is check sample no. 201021 from the Association of American Feed Control Officials. z,_35, values <1 were
obtained for this control sample after duplicate analysis in three different occasions.

the 200 and 400 mg kg™" spike levels), and the RSD of tylosin
was satisfactory (<3%).

Up to 67% of the commercial samples were labeled as
nonmedicated contained antibiotics in concentrations as high as
22462 mg kg™' (Table 4). Two out of 10 medicated samples
had more TCs than expected, and 13 samples contained
mixtures of TCs in amounts that defy FDA guidelines (Table
4). On the other hand, three samples had lower amounts of
antibiotics than claimed in the labeling (Table 4), and none of
the samples contained detectable amounts of tylosin. These
results agree with previous reports.’ If a pig of 110 kg and 22
weeks of age was fed with 4000 g of sample P-971 every day, it
would ingest 30 mg TCs kg™ of live weight every 24 h, three
times the usual dose for bacterial enteritis.** In another
example, a 220 g tilapia fish eating 7 g of sample F-978 two or
three times a day would almost exceed, in a single feeding, the
upper limit of 18.8 mg of OTC per harvested fish authorized by
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the FDA. We did not find MC or TG in the samples, but this
was expected because they are only meant for human use.*'
As the analytes eluted within 12 min with a relative low flow
rate of the mobile phase and a solvent gradient, a modest
volume of solvent waste was generated, and usage of
acetonitrile and trifluoroacetic acid was minimal. On top of
that, because each run only requires 10.5 mL of mobile phase—
including <2 mmol of trifluoroacetic acid and 3.15 mL of the
high-priced solvent acetonitrile—our procedure emerges as an
environmentally friendly, safe, and economical alternative to
current methods. We did not substitute TFA with an organic
salt such as oxalic acid to limit precipitation in the system
tubing, and methanol and acetonitrile were used because they
are also considered green solvents® and are used in relatively
low quantities. Moreover, methanol and citric acid are naturally
occurring compounds. Summarizing, we developed a fast,
sensitive, safe, and eco-friendly multicomponent analysis for

dx.doi.org/10.1021/jf301403f | J. Agric. Food Chem. 2012, 60, 7121-7128
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some of the most commonly used antibiotics in animal
feedstuff. It is simple and can be performed with
instrumentation accessible in the developing world.
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