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ABSTRACT

Chloramphenicol (CAP) is no longer a first-line agent for any indication
because of resistance and safety concerns; it has been banned in several
countries, including the European Union (EU), for treatment of food-pro-
ducing animals. But CAPisstill illegally used in animal farming because of
its easy access and low cost. Therefore, effective detection techniques are
required for astrict control of thiscompoundsentry infood chain. So aim of
the present study wasto optimize and validate the analytical parametersfor
analysis of chloramphenicol residues by liquid chromatography tandem
mass spectrometry (LC-ESI-MS-MS) in milk powder. Sample preparation
performed by extraction of milk sampleswith ethyl acetate and evaporated
to dryness, followed by a clean-up step using the liquid liquid extraction
with isooctane. Multiple reactions monitoring (MRM) acquisition method
in negative ionization mode with the transitions of m/z 320.54—151.94,
320.54— 256.9, 325.7—157.1 (1S) used. For the quantification transition m/z
320.54 — 151.94 was chosen by matrix-matched calibration curves, ranging
from0.15t0 0.75 pg kg?, with regression coefficients of 0.99. Therecovery,
repeatability, reproducibility and CCal phaand CChetawere evaluated. The
limit of decision (CCa) and detection capability (CCp) for milk powder was
0.085 and 0.109 pg kg™. The repeatability (RSD %) waslower than 12.5 %
and reproducibility (RSD %) was less than 12.43 %. On the basis of these
analytical parameters and performances we have placed optimization step
in amethod as amonitoring tool for unacceptable levelsof residues of CAP
inmilk powder.  © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION cerns, itisnolonger afirg-lineagent for any indication.

Chloramphenicol (CAP) isabacteriostatic antimi-
crobid. Itisconsidered aprototypica broad-spectrum
antibiotic. It iseffectiveagainst awidevariety of Gram-
positive and Gram negative bacteria, including most
anaerobic organisms. Dueto resistance and safety con-

Themost serious adverse effect associated with CAP
treatment isbone marrow toxicity, which may occur in
two distinct forms: bonemarrow suppression, whichis
adirect toxiceffect of thedrugandisusudly reversible,
and aplasticanemia, whichisidiosyncratic (rare, un-
predictable, and unrelated to dose) and generaly fa
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ta(Y. In spiteof itspotentia toxicity, CAPissometimes
used at therapeutic dosesfor treatment of seriousin-
fectionsin humans, however, it hasnot been possibleto
identify asafe level of human exposureto CAP be-
cause of the unpredictabl e effects of dose on different
patient population. Dueto thesereasons CAPfor hu-
mansand food-producing animashavebeenbannedin
severa countries, including the European Union (EU).
CAPisdtillillegaly used inanimal farming because of
itseasy accessand low cost. Therefore, effectivede-
tection techniquesarerequired for astrict control of
this compound. Asaconseguence, the useof CAPIN
food-producing anima shasbeen forbidden withinthe
EU since 199413, and nomaximum residuelimit (MRL)
has been established in animal-derived foods. InMarch
2003 Commission Decision 2003/181/EC set anMini-
mum required performancelimit (MRPL) of 0.3ug kg*
for chloramphenicol in meat, milk, eggs, aquaculture
productsand honey. Which meansal methods should
be ableto detect and confirm to thislevel. With grow-
ing concernsover food safety and the need toincrease
sample-throughput inand ytical testing laboratories, there
isaconstant requirement for accurate, simpler, faster
and improved anal ytical methods. The compl exity of
food matricesand the presence of much potentid inter-
ference, requirespecific and sd ective methods of analy-
ss. Variousanalytical methods have been reported for
the determination of CAPinfood product. Butin last
few yearsHPLC-UV, ELISA, GC-ECD, HPTLClike
technique arerarely used because such detector isnot
enabling adequate quantification and confirmation of this
anayteat tracelevels, in agreement withthe EU crite-
rid®. Asper criteriamass spectrometric methods must
be utilized for confirmation. GCM S methods can pro-
videdefinitive confirmativeand quantitativeresultsbut
require aderivatization step. The combination of LC-
MSoffersaragpid, smplified, specificand sengtived-
ternativeto GC-M S methods and removing the need
for derivatization reactions. Most suitabletechnique
Liquid chromatography coupl ed with mass spectro-
scopi ¢ detection was used to determine CAP residues
infood matrixes, enabling adequate confirmation and
guantification of thisanalyteat tracelevels, in agree-
ment withthe EU criteria. During literaturereview we
found that recent reported paper are basically based
on honey and animal product (fish, eggand prawnsetc.)
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but incasemilk specidly milk powder few studieswere
dedicated, this work totally based on milk powder
andysisfor CAPfor day today analysis. Extractionand
cleanup of CAPresiduesin milk for LC andysishave
mainly been based on liquid-liquid extraction with sol-
ventssuch asethyl acetate*>19, chloroform-acetone!,
or acetonitrile”1%29 followed by washeswith, hex-
and®819 or chloroform!™®, carbon tetrachloride/ hex-
ane¥ or solid-phase extraction'®218 and othersare
molecular imprinted polymers (MIPS)**%9, dispersive
liquid-liquid microextraction (DLLME)®¥, C18-dis-
persive solid extraction’®, matrix solid-phase disper-
sion (MSPD)!*., The scope of the present study was
to develop liquid chromatography coupling to tandem
mass spectrometry method for thedetection of CAPIn
milk powder, using simpleand economicliquid-liquid
extraction for sampleextraction and cleanup. Thede-
veloped methodol ogy gave satisfactory recoveriesand
cleanfind extracts. Applicahility of thepropased method
wastested by participating Food Analys s Performance
Assessment Scheme (FAPAYS) Proficiency testing and
andyzingthered milkssamples. Asawhole, themethod
proved to be simple, economic, and reached the re-
quired sensitivity. Hence, it providesasuitable means
for routineanalyssof CAPresdueinred milk ssmples.

EXPERIMENTAL

Apparatus

HPLC-MS-MS analyses were performed using a
LC WatersAlliance 2695 separationsmodul e (Waters,
Milford, MA, USA) coupled viaan electrospray inter-
face (ES!) to aQuattro Micro mass spectrometer (Wa-
ters, Milford, MA, USA). Theinstrument was oper-
ated in multiplereaction-monitoring (MRM) modewith
Masslink software packages (Waters, Milford, MA,
USA), for spectra and quantification dataprocessing.
L C separationswere performed on aZorbax Eclipse
XDB-C18column (150 x 2.1 mm, 5 pm particlesize)
(Agilent Technology).

Sandard solutions

Stock solutions (1 mgmL 1) of CAPand CAP-d5
were prepared in acetonitrile and working standards
were prepared by diluting the stock solution with wa-
ter. All standard solutions were kept at —20 °C and
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protected from light for nolonger than 3 months.

Equipment parameters

The chromatographic separation wasachieved us-
ing gradient modewater (mobile phaseA) and acetoni-
trile (mobilephase B). Gradient isasfollow; 95 %A
for first 1.5 min thenthischangeto 5 %A from 1.5to
3.0 min. and maintain for 3 min. The conditionsthan
returntotheinitial 95%A in 1.0 min. and remainthe
sametill theend of run. The mobile phase flow-rate
was set at 0.3 ml/min, and 25 pl of the extract was
injected into the HPLC-MS-MS system.

Sampleextraction and clean-up

Extraction and clean-up procedure optimized for
analysis of CAP residue in milk products (Full and
skimmed milk powder) was asfollows. Two grams of
milk samplewaswei ghed in apolypropylenecentrifuge
tube (50 ml capacity) and spiked with 200 uLL of CAP
-d5 (5 ug L* Stock standard), 8 mL water was added.
Thesamplewasvortexed and alowed to stand for 10
min. 8 mL ethyl acetatewereadded and homogenisation
for 5minat 8000 rpm and then centrifuged at 9800g
for 5min. After centrifuge4 ml of upper organiclayeris
transfer to aglasstube and evaporateit at 45°C under
nitrogen. Theresiduewasdissolvedin 0.5ml of Isooc-
taneand then extracted with 0.5 ml of water. After cen-
trifugation for 5 min at 22000g, agqueous phase was
transfer to LCMSM Svid and thealiquot of 25 pl was
injected onthe HPLC column.

M atrix-matched calibration

Matrix-matched calibration intended to compen-
satefor matrix effectsand acceptableinterference. The
matrix blank (asample known not to contain detect-
ablelevelsof theAnalyte) should be prepared asfor
analysis of samples and analyte is added to a blank
extract of amatrix. Totest thelinearity of thecalibra-
tion curve, fiveblank milk matrixesare prepared asfor
analysisof samplesand CAP and CAP-d5 areadded
to ablank extract of amatrix at 0.15, 0.30, 0.45, 0.60
and 0.75 pg kg levelsfor acaibration range of 0.15
t0 0.75 pg kg* with the correl ation coefficient above
0.99. Constructed acalibration curveusing al stan-
dards using the ratio of [(CAP 151.94)/ (CAP -d5
157.1)] responsesvs. CAP concentrationin pg kg.

Hnalytical CHEMISTRY o

RESULTSAND DISCUSSION

MS-M S detection

CAPanditsdeuterated internd standard (1S) CAP
-d5 werefirgt analyzed in Negative mode e ectrospray
ionization and selected ion recording (SIR) were used.
According to Commission Decision 2002/657/EC, for
banned substances, at |east one parent ion with two
different product ionsarerequired to confirmthe pres-
ence of theanalyte studied. Both CAP and CAP-d5
werethen andyzed selection of product ion scan mode
by m/z 320.54 and my/z 325.7 ions as the precursor
ion, respectively threemainfragment ionswereobtained
fromthecollisioninduced dissociation (CID) experi-
mentsof theseions, giving riseto respectively n/z256.9
and m/z151.94 m/zand myz157.1. Inorder to obtain
maximum sengitivity the sourcetemperaturewas set at
120 °C and desolvation temperature was 450 °C. Cone
and desolvation gasflow were 70,700 L/hr. Nitrogen
gas used asdesol vation and cone gas and argon used
ascollisongasother andyte-specific parameters(Cone
voltage(V), Callisonenergy (eV)) areshownin TABLE
1. Thetrangitionsmonitored for quantification of CAP
insampleswasdoneusing thecalibration curvesfrom
m/z 320.54—151.94 (Figure 1). The m/z
320.54—256.9 trangition was used for confirmation of
resultsfrom the m/z 320.54—151.94 transition. For
theinternal standard CAP-d5(1.S.) n/z325.7—157.1
was monitored. Furthermoreas chloramphenicol con-
tainstwo chlorineatoms, additiond trangtionreactions
m/z 322.7 — 151.94 was also recorded. Figure 2
shows HPLC— MS-MS chromatograms of matrix
match standard with 0.300 pug kg* CAP. The repro-
ducibility of ratiosused for confirmatory purposeswas
sudiedinsamplematrixes. All of them presented good
RSD over three CAP-spiked concentration levels: mean
ion ratio 22% for m/z151.94 /157.1 with RSD 16.8
%, inthe, 0.3 ug kg* CAP-spiked milk powder.

Sampleprepar ation optimization

Theoptimal condition for sample preparationsis
challenging job becauseany designsand compromises
must be affected on simplicity and speed of the pro-
cedurewith broad applicability, high recovery and ad-
equate selectivity. Theseana ytical step can beaffected
by variousfactorslike sample composition, type of
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TABLE 1: MS-M Stransitionsand conditionsfor chloramphenicol

Compound Precursor lon (m/z) Transitionsion (m/z) Cone voltage (V) Collision energy (eV)
Chloramphenicol 320.54 320.54—151.94 30 23
320.54—256.9 30 15
Isotopic ion 322.7 322.7 — 151.94 31 19
d5-CAP 325.7 325.7-157.1 30 17

Compound name: Chloramphenicol (322.7>151.94)
Correlation coefficient: r = 0.998489, r*2 = 0.996981
Calibration curve: 9.09597 * x + -0.109546 %
Response type: Internal Std ( Ref 4 ), Area * ( IS Cene. /IS Area )
6.00 Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Figurel1: Chloramphenicol calibration curves(m/z 320.54—151.94) from 0.15t0 0.75 pgkg*
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Figure2: Chloramphenicol chromatogramsof matrix match std at 0.300 pgkg*

= Analytical CHEMISTRY
Au Tudian Yournal




446

Determination of chloramphenicol residues in milk powder by mass spectrometric method

ACAIJ, 14(11) 2014

Full Peper —

solvent used for extraction, ratio of solvent samplecom-
bination, extraction procedure, time spend for extrac-
tion etc. we sought to systemically compare and mea-
suretheeffect of each of these adjustable parameters
by using multipletool sof objective measurement.

Sdlection of extraction solvent

The choiceof the solvent (s) for sample prepara-
tion isone of the most crucial decisionsto be made
when devel oping any method. In thiscontext three or-
ganic solvents acetonitrile (MeCN) and hexane, ethyl
acetate (EtAc) were compared in aseries of experi-
mentsin which the only parameter changed wasthe
type of solvent. The recoveries were determined by
comparing the peak areaobtained from spiked blank
samples with those obtained from aqueous standard
solutions. The obtained results showed that ethyl ac-
etate provided higher (>70%) recovery comparative
acetonitrile (>55%) and hexane (>43%) of CAPfrom
spiked sample. Based on theseresults, ethyl acetate
was sdl ected asthe extractant for further studies.

Comparison of shaking ver susblending of an in-
curred sample

We assessed the extractability of CAPresidueand
compared shaking versus blending asthe gpproach for
initia extraction step. Compari sons show 68 % recov-
ery for blending (homogenisationfor 2minat 8000 rpm
and stand for 10 min.) and 54 % recovery for shaking
(Mechanica shakingfor 30 min.) Inaddition, tofurther
improvethe extraction efficiency, weattempted to in-
creasetheextractiontime (homogenisation 2to 5min).
Thisresultedinanincreaseintherecoveriesof CAPup
t0 85-90%.

Liquid-liquid extraction cleanup

In order to shorten the sample clean-up procedure
andtoalow ahigher samplethroughput, conventional
liquid-liquid extraction was adopted. The following three
non-polar extractant sysemswerestudied: Chloroform,
hexane and |sooctane. I sooctane not reported earlier
for milk samplecleanup. it’s selected due to it better
defatting capacity. Sampleclean-up performancewas
evaluated by performing astandard addition of CAPto
the blank samplesjust before the clean-up procedure
inorder to avoid thel ossof analyteduring thefirst ex-
traction step. The obtained results showed that i sooc-

Hnalytical CHEMISTRY o

tane provided better clean-up & recoveries (>96%)
compareto chloroform (82%), hexane (89%).

The compl ete sampl e extraction and clean-up pro-
cedure optimized for analysisof CAPresiduein milk
productswas asdescribein sample preparation above.

Validation

Method validationwas carried out asdescribed in
the 2002/657/EU document. The parameterstakeninto
account were: responselinearity, specificity, Confirma:
tion Criteria, decision limits (CCa), detection capabil-
ity (CCP), and recovery, repeatability and within-labo-
ratory reproducibility. Usudly totest thelinearity of the
calibration curve, four standards of CAPin the blank
milk matrix were anayzed. Specificity of themethod
was checked by the preparation and anaysis of blank
and spiked milk samplesto verify the absence of po-
tentid interfering compoundsa CAPretentiontime. The
CCo and CCP wereobtained usngthecaibration graph
approachi®. Blank material wasfortified at fivediffer-
ent concentrationsand thestandard error of they inter-
cept wascal culated. The decision limit and the detec-
tion capability for CAPwere 0.085 pg kgt and 0.109
ug kg respectively. These datademonstrate that both
valuesaresignificantly below theMRPL of 0.3 ug kg™
Thereliability and accuracy of themethod were deter-
mined by spiking blank milk sampleswith CAP, result-
inginthreeanalytical series, eachwith threeconcentra:
tionlevelsand six samplesper concentration level. In-
dividua 2 gsampleswerefortified tocontain 0.20, 0.30,
and 0.40 ug kg?, using 40, 60 and 80 uL of spiking
Solution. Spiking Solution was prepared at aconcen-
tration of 10 ug kg*. Therecovery wasexpressed in
termsof percentagerecovery and repeatability, repro-
ducibility asreative standard deviation (RSD). There-
sultsarepresentedin TABLE 2.

Application

To determinethe applicability of method we had
participatedin FAPAS® Proficiency Test 02151 inmilk
powder organised by FAPAS® (Food Analysis Perfor-
mance Assessment Scheme). Assigned value of
chloramphenicol was 0.376 pg kg and our reported
result was 0.426 ug kg* with 0.6 Z-score. Thesere-
sults confirm the ability of the method to extract CAP
from samplesand determinationin samplematriceswith-
out aloss of method performance.
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TABLE 2: Performancedata of theHPL C-M S-M Smethod for theanalysisof CAPin spiked milk samples

Parameter

Decision limit (CCa) pg kg™

detection capability (CCP) pg kg™
Fortification level, pg kg-1

Mean + SD

Recovery (%)

Repeatability (RSD %)

Reproducibility (RSD %)

Average % ion Ratio +£SD (m/z 151.94 /157.1)

0.085

0.109
0.200 0.300 0.400

0.187+0.025 0.279+0.032 0.391+0.046

93.15 93.96 97.97
12.50 9.64 11.51
12.43 11.06 11.20
22+6.5 21.8+3.6 21+3.2

CONCLUSION

Themethod canbeconsidered asrapid, asit utilises
an efficient extraction protocol without useof SPE. The
obtai ned datafulfilstherequirementslad downin Com-
mission Decision 2002/657/EC and dlowstheca cula-
tion of al relevant performance characterigtics. It’s re-
duced timeand sample preparation stepsshow it’s ap-
plicability for day today analysisintesting laboratory
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