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Abstract 

Modern farming practices involve administration of a wide range of veterinary drugs 

and biological substances to food-producing animals with the primary aim to combat 

diseases and promote growth. The residues of these drugs can enter into food chain 

either directly or indirectly resulting in serious allergic reactions in humans, and 

development of drug resistance in multiple strains of bacteria as in case of antibiotics. 

The main focus of this research work was the development of analytical 

methodologies for the identification of various classes of antibiotics in broiler chicken 

and bovine milk using LC-MS/MS. All the developed methods were validated 

according to European Commission Decision 657/2002/EC and parameters 

determined are: specificity, accuracy, precision, repeatability, within lab 

reproducibility, decision limits (CCα) and detection capability (CCβ). The first 

method developed for the analysis of florfenicol residues in chicken muscles. It was 

found that most of the florfenicol residues remained bound with tissues and could 

only be extracted with organic solvents after digestion of the tissues with strong 

hydrochloric acid at 95-100 °C. The bound residues of florfenicol were present in 

higher concentration as compared to un-bound residues in various tissues of broiler 

chicken. The second method was developed for the multi-amphenicol analysis in 

which florfenicol, florfenicol amine, chloramphenicol and thiamphenicol were 

simultaneously analyzed. The accuracy values were 86.4 to 108.1% and precision 

values were 2.7 to 16.3%, respectively. Analysis of the various raw samples 

confirmed the presence of florfenicol and chloramphenicol residues in few samples at 

low levels. Third method involved multiclass multidrug residues, in which total 68 

compounds from six antibiotic classes were analyzed. The accuracy values were 70-

102.9 % for nearly 87% compounds. The developed method can be used for screening 

purpose to reduce the number of samples for confirmatory analysis, thus improving 

the efficiency of the laboratory by reducing cost and time. Lastly, prevalence of 

penicillin and cephalosporin antibiotics was studied in bovine milk samples obtained 

from two cities of Punjab, Pakistan using UPLC-MS. Only amoxicillin, ampicillin, 

Pen G and cloxacillin were found and confirmed in 18 samples. 



xvi 

 

List of Publications 

Journal Publications 

 Imran M, Fazal e H, Tawab A, Rauf W, Rahman M, Khan QM, Asi MR, Iqbal 

M. 2017. LC–MS/MS based method development for the analysis of 

florfenicol and its application to estimate relative distribution in various 

tissues of broiler chicken. Journal of Chromatography B.1063:163-173 

 

 

  



xvii 

 

List of Abbreviations and Symbols 

LCMS Liquid chromatography mass spectrometry  

EU European Union  

MRL Maximum residue limit 

MRPL Minimum required performance limit 

MRM Multiple reaction monitoring 

SRM Selected reaction monitoring 

LOD Limit of detection 

LOQ Limit of quantification 

CCα Critical concentration with alpha error (decision limit) 

CCβ Critical concentration with beta error (detection capability) 

VDR Veterinary drug residues 

TOF Time of flight 

QqQ Triple quad   

HRM High resolution mass spectrometer 

ESI Electro spray ionization 

FF Florfenicol 

FFA Florfenicol amine 

TAP Thiamphenicol 

CAP Chloramphenicol 

RSD Relative standard deviation 

ACN Acetonitrile 

MeOH Methanol 

MSPDE Matrix solid phase dispersive extraction 

dSPE Dispersive solid phase extraction 

S/N Signal to noise 

TIC Total ion current 

UHPLC Ultra high performance liquid chromatography 

GCMS Gas chromatography mass spectrometry 

     



1 

 

1  Introduction and Review of Literature 

Veterinary drug residues are a key concern in food safety and consumer protection, 

more so for the lesser developed countries, which either lack a comprehensive 

regulatory framework or in other cases fail to implement the same. In addition to 

being a serious threat to consumer health as well as environment, veterinary drug 

residues may have profound impact on international trade [1]. Modern farming 

practices involve administration of a wide range of veterinary drugs and biological 

substances to food producing animals with the primary aim to combat diseases and 

promote growth. However, prophylactic administration of these drugs, particularly 

antibiotics, via drinking water or as feed additives, is also a routine farming practice 

in order to prevent possible disease outbreaks [2]. Additionally, certain drugs are also 

administered to prevent losses and stress during transportation. It is likely that any of 

the drugs or biological substances (e.g. hormones) administered to food producing 

animals, may end up as a residue in milk, meat or eggs, as unaltered parent compound 

or in other case; as a conjugate or metabolite [3-5].  

 Ever-increasing demand of proteins and related food products in the wake of 

population burst, has led to intensive farming practices, which in turn have caused an 

enormous increase in the use of veterinary drugs over the past two decades. While 

routine administration of broad spectrum antibiotics has helped to curtail many of the 

infectious diseases. But the inappropriate and over use of veterinary drugs has 

generated great public concerns, as drug residues present in foodstuff of animal 

origin, may jeopardize human health [6]. Various factors are collectively responsible 

for the presence of drug residues in food products (animal origins), consequently, 

contributing their exposure to humans and environment and thus evoking health 

hazards. These factors include; failure to implement recommended withdrawal 

periods, illegal use of unauthorized substances, over dosage than labeled or use of 

drug in non-recommended animal species and use for non-targeted diseases [7]. 
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1.1  Health Concerns of Veterinary Drug Residues 

The use of antibiotics in veterinary practice started during the mid of twentieth 

century, just after the discovery of penicillin, which was extensively used during 

World War II [8]. Since then, the use of antibiotics in livestock has further increased 

and it is estimated that nearly 60 % of the animals were treated with antibiotics at 

some stage of their lives in 1980s [9]. Most of the antibiotic drugs administered to 

animals, proved to be safe if the residual concentrations are below certain level with a 

few exceptions [10]. However, prolonged exposure to drug residues even at very low 

levels may cause chronic toxicity in humans [11]. Antibiotic residues primarily affect 

human health by disrupting normal intestinal microflora [12]. On the other hand, 

several studies have proved that residual antibiotics in foodstuff may lead to the 

development of multiple drug resistance in various bacterial species [13]. For examples, 

Avoparcin, a glycopeptide antibiotic used as a growth promoting feed additive for many 

years, was found to be involved in vancomycin resistance in Enterococcus faecium 

(VRE) [14]. In addition to glycopeptides, some structurally unrelated compounds like 

bacitracin were also found to be involved in the emergence of vancomycin resistant 

Enterococcus [15]. Notably, the animal food products were thought to be the major 

reservoir of vancomycin-resistant enterococcal infection in humans [16]. Some other 

resistant strains of bacteria like E. Coli and a multidrug resistant strain of Salmonella 

enterica have also been reported from food born sources [17, 18].  

 Other undesirable effects associated with the antibiotic drug residues include 

allergic reactions caused by penicillin residues in milk [19], aplastic anemia caused by 

chloramphenicol [20] and eco-toxicity related to the presence of sulphonamide 

residues in the environment [21]. Tetracyclines have ability to form complexes with 

mono and divalent cations, therefore these drugs can interfere with calcium absorption 

and thus may exert considerable effects on the growth of bones and teeth, especially 

in children [22]. Illegal use of clenbuterol (β-agonists) as growth enhancer in food- 

producing animals may lead to residue-induced acute food poisoning in several cases 

with symptoms like tachycardia, hypokalemia, and epigastralgias etc. [23, 24]. 

Although the evidence is still inconclusive, a few studies have hinted at the possible 

hazards associated with residues of natural and synthetic hormones, which are used in 

animals as growth enhancers. These hormonal residues may cause endocrine 

disruption, genotoxicity and tissue cancer in consumers [25]. 
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1.2 Environmental Concerns of Veterinary Drug Residues 

 Veterinary drug residues also possess serious global threats since each drug can end 

up in the environment after its application. Indirectly, the veterinary drug residues, 

their metabolites and degradation products can enter the environment through animal 

manure. However, the animal drugs used in the aquaculture, topical drugs like 

anthelmintics and sheep dip chemicals can directly reach to water resources [26]. 

After the release of the drug residues in the environment, the fate of a drug depends 

upon multiple factors like soil type, climate conditions, stability and eco-toxicity of 

the drug. Various studies have shown the acute eco-toxicity of these drugs in 

daphnids, few species of fish and algae but data is limited for other species [27]. The 

most important health hazard associated with antibiotics exposure to the environment 

is the emergence of antibiotic resistance strains of bacteria [28, 29]. The antibiotic 

resistance is one of the hot issue these days and has been under serious expert 

attention since many decades [27].  

 On environment front, uncontrolled usage of veterinary drugs in livestock and 

poultry management has already damaged the ecosystem considerably in Pakistan. 

For example, presence of diclofenac residues in dead livestock has almost wiped out 

vulture population in Pakistan [30]. These compounds (drugs and/or their metabolites) 

have been proven to be involved in kidney failure of vultures, and there toxicities in 

human organ failure are also considerable [31]. As a consequence of possible 

environmental effects of veterinary drugs, environmental assessment of these drugs is 

required by U.S. Food and drug administration (FDA) and European Union (EU). The 

result of these assessment programs has been publicized and available on official web 

pages of these organizations [27].        

1.3  International Regulatory Authorities 

Scientific advancements during the second half of twentieth century led to the 

recognition of residual veterinary drugs in animal-derived food and highlighted 

possible hazards associated with them. The Food Additive Amendments in U.S.C. 

enacted in  1958 are probably the first set of laws in modern world that expanded the 

regulatory authority over veterinary drug residues in foodstuff of animal origin [32]. 

Globalization and trade liberalization waves in recent decades witnessed expansion of 

food trade between geographically disparate nations. These trade partnering nations 
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often had differing sets of food safety regulations or, as in the case of many lesser 

developed countries, no regulations at all, thus necessitating the establishment of 

internationally recognized standards and guidelines. At least three prominent 

international entities now exist that are responsible for laying down regulations, 

guidelines and recommendations aimed at inspection and control of veterinary drug 

residues. These include Codex Alimentarius Commission (CAC), European 

Medicines Evaluation Agency (EMEA) and Veterinary International Cooperation on 

Harmonization (VICH) [33].  

Each of the regulatory entity is served by a specific scientific advisory panel 

that provides support to these entities in matters of drug residue safety as well as 

methods of analysis. Joint WHO: FAO Expert Committee on Food Additives 

(JECFA) provides support to CAC and is responsible for establishing maximum 

residue limit (MRL) and acceptable daily intake (ADI) values. Similarly, Committee 

for Veterinary Medicinal Products (CVMP) prepares ADI and MRL 

recommendations for European Union (EU) regulations, channeled through EMEA. 

VICH, a trilateral body comprising of EU, USA and Japan works under the scientific 

support of Safety Working Group (SWG) and is aimed primarily at harmonization of 

testing methods [33]. In addition to the international regulatory bodies mentioned 

above, The WTO Agreement on the Application of Sanitary and Phytosanitary 

Measures (SPS Agreement) is also worth mentioning here. Although unlike Codex 

Alimentarius or EU regulations, SPS does not provide a specific set of scientific and 

technical guidelines, it has nonetheless led to the development of conceivable 

measures to ensure consumer health without impeding international trade [34]. 

1.3.1  European Commission Legislation and Guidelines for 

Analytical Methods. 

Countries included in EU appear to have more active veterinary drug residue 

monitoring programs [35]. In contrast to other regulatory statutes, EU regulations do 

not recommend the use of standardized methods in drug residue analysis, making 

them more flexible from the standpoint of choice of methods. EU regulations have 

instead adopted a ‘criteria approach’ which outlines the criteria and performance 

characteristics, which a method must meet in order to be considered as an acceptable 

residue analysis method [36]. Moreover, by introducing the concept of minimum 

required performance limit (MRPL) for Group A or unauthorized substances listed in 
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Annex I of Council Directive 96/23/EC (Table 1.1), the current EU regulations have 

been able to overcome the ambiguity found in the terms ‘zero tolerance’ or ‘no 

permitted level’ for such banned substances in previous directive 2377/90/EC [37, 

38]. MRPL is defined as the minimum quantity of a substance in a food sample, 

which has to be detected and quantified while developing a method for analytical 

purpose. Similarly, through Decision 2000/657/EC, the characteristics and 

requirements for confirmatory methods have also been elaborated by coining the 

identification points (IPs) concept. Based on the nature of substance (Group A or B), 

confirmatory tests for detection of these substances must collect a specific number of 

points (IPs) before being considered as valid [9]. 

Table 1.1 Group A and Group B substances according to Annex I of Council 

Directive 96/23/EC 

  Group A: Substances having anabolic effect and unauthorized substances 

• Stilbenes, stilbene derivatives their salts and ester  

• Antithyroid agents 

• Steroids 

• Resorcylic and lactones including zeralon 

• β-agonists 

• Compounds included in annex IV of Council Regulation 2377/90/EC 

Group B: Veterinary drugs and contaminants 

 • Antibacterial substances including sulphonamides and quinolones 

 • Other veterinary drugs 

o Anthelmintics 

o Anticocidiostat including nitroimidazole 

o Carbamates and pyrethroids 

o Carbadox and olaquindox 

o Sedatives 

o Non-steroidal anti-inflammatory drugs (NSAIDs) 

o Other pharmacologically active substances 

• Other substances and environmental contaminants 

o Organochlorine compounds including PCBs 

o Organophophorus compounds 

o Chemical elements 

o Mycotoxins 

o Dyes  

o Others 
 

It is worthwhile to discuss here the significance of mass spectrometry based 

confirmatory methods with regard to meeting performance criteria laid down by EC 

regulations. According to Commission Decision 2002/657/EC, the veterinary drug 

residue analysis only through chromatographic techniques, without supplementing it 
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with mass spectrometric detection, could not be a confirmatory and suitable method.  

It is mandatory for a confirmatory method to provide the chemical structure 

information of the contaminant, so that two or more compounds giving the same 

response can be discriminated. Therefore Group A substances can only be confirmed 

if LC or GC is coupled either with infra–red spectrometer or mass spectrometer as 

mentioned in Table 1.2.   

Table 1.2 Suitable confirmatory methods for organic residues or contaminants 

(Commission Decision 2002/657/EC) 

Measuring technique Substances Annex 

I (96/23/EC) 

Limitations 

LC or GC with mass-

spectrometric detection 

Groups A and B Only if following either an on-line or 

an off-line chromatographic 

separation. Only if full scan techniques 

are used or using at least 3 (group B) 

or 4 (group A) identification points for 

techniques that do not record the full 

mass spectra 

LC or GC with IR 

spectrometric detection 

Groups A and B                Specific requirements for absorption in 

IR spectrometry have to be met 

LC-full-scan DAD Group B Specific requirements for absorption in 

UV spectrometry have to be met 

LC -fluorescence Group B Only for molecules that exhibit native 

fluorescence and to molecules that 

exhibit fluorescence after either 

transformation or derivatization 

2-D TLC - full-scan UV/VIS Group B Two-dimensional HPTLC and co-

chromatography are mandatory 

GC-Electron capture 

detection 

Group B Only if two columns of different 

polarity are used 

LC-immunogram Group B Only if at least two different 

chromatographic systems or a second, 

independent detection method are used 

LC-UV/VIS (single 

wavelength) 

Group B Only if at least two different 

chromatographic systems or second, 

independent detection method are 

used. 

 

Furthermore for mass spectrometric detection, full scan, selected ion 

monitoring (SIM), or suitable MS-MSn technique such as selected reaction monitoring 
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(SRM) can be used. While using HR-MS (high resolution mass spectrometry), a 

resolution greater than 10,000 FWHM for the entire mass range at 10% valley is 

required. For LC system, the retention time of the analyte under observation should be 

at least twice the void volume of the LC column. Relative retention time of test 

analyte in the specific sample must match with the calibration standard within the 

specified retention time window. In case of internal standard, the relative retention 

time should be within the tolerance of ± 2.5 % for LC and ± 0.5 % for GC  [36]. 

The minimum number of IPs to be attained by a confirmatory method is 4 for 

Group A (MRPL substances) and 3 for Group B (MRL substances). The approach of 

IPs is method-dependent implying that the number of IPs attained for each analyte is 

entirely based on the selection of mass spectrometric technique. Each precursor ion 

achieves 1 and 2 IPs for LR-MSn and HR-MSn, respectively. The number of IPs that 

each MS technique can earn is given in Table 1.3, whereas Table 1.4 represents the 

number of IPs earned if a range of techniques are used in combination. Notice in 

Table 1.3 that each ion is counted once. Both daughter and granddaughter product 

ions will be included for LC-MSn. For substances listed in Group A of Directive 

96/23/EC, HPLC or TLC coupled either with full-scan diode array detection (DAD-

UV) or fluorescence detection (FLD) add up a maximum of one identification point, 

so long as the corresponding criteria for these techniques are fulfilled. 

Table 1.3 IPs earned by selected MS techniques (Commission Decision 

2002/657/EC) 

MS technique IPs 

Low resolution MS (LR-MS) 1.0 

LR-MSn precursor ion 1.0 

LR-MSn transition product 1.5 

High resolution  MS (HR-MS) 2.0 

HR-MS precursor ion 2.0 

HR-MSn transition product 2.0 
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Table 1.4 Number of identification points earned for a range of techniques in 

separate or combined (n = an integer) according to Commission 

Decision 2002/657/EC 

Measuring technique(s) Number of ions IPs 

GC-MS (EI or CI) N N 

GC-MS (EI and CI) 2 (EI) + 2 (CI) 4 

GC-MS (EI or CI) 2 derivatives 2 (Derivative A) + 2 (Derivative B) 4 

LC-MS N N 

GC-MS-MS 1 precursor and 2 daughters 4 

LC-MS-MS 1 precursor and 2 daughters 4 

GC-MS-MS 
2 precursor ions, each with 1 

daughter 
5 

LC-MS-MS 
2 precursor ions, each with 1 

daughter 
5 

LC-MS-MS-MS 
1 precursor, 1 daughter and 2 

granddaughters 
5,5 

HRMS N 2n 

GC-MS and LC-MS 2 + 2 4 

GC-MS and HRMS 2 + 1 4 

 

Measurement of relative ion intensities (ion ratios) is another performance 

criteria for mass spectrometric detection laid down in Commission Decision 

2002/657/EC [36]. Relative ion intensity of detected ions is expressed as percentage 

of the intensity of the most abundant ion or transition. The most abundant ion may be 

a molecular ion, adduct of molecular ions, or some fragment ion with all their isotopic 

ions. Relative ion intensity of contaminants in the sample under test should be 

comparable with the corresponding calibration standard. The calibration standard may 

be a separate standard solution or may be spiked in the sample. The tolerance limit for 

relative ion intensities decreases with increasing percentage of relative ion intensities. 

Maximum permitted tolerance for the relative ion intensities for a range of mass 

spectrometric techniques, are mentioned in Table1.5 while the minimum trueness 

limits for a quantitative method are given in Table 1.6. Certified reference materials 

(CRF) can be used for trueness studies or recoveries calculated by spiking blank 

matrices with known amount of analyte and adjusting the data to mean recovery.   
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Table 1.5 Maximum allowed tolerance for relative ion intensities (ratios) using a 

range of mass spectrometric techniques (Commission Decision 

2002/657/EC) 

Relative intensities 

(% of base peak) 

EI-GC-MS 

(relative) 

CI-GC-MS, GC-MSn, LC-MS, LC-MSn 

(relative) 

> 50 % ± 10 % 20 % 

> 20 % t o 50 % ± 15 % 25 % 

> 10 % t o 20 % ± 20 % 30 % 

≤ 10 % ± 50 % 50 % 

Table 1.6 Minimum trueness of quantitative method (Commission Decision 

2002/657/EC) 

 

Along with these general criteria, a number of performance characteristics for 

method validation are also mentioned in Commission Decision 2002/657/EC. These 

performance characteristics, which have to be determined for a quantitative method, 

are specificity/selectivity, precision, accuracy, stability, repeatability, within- 

laboratory reproducibility, CCα and CCβ values. 

 Validation is undoubtedly an essential and important part of an analytical 

method. It describes the performance of an analytical method pertaining to the criteria 

applicable for the relevant performance characteristics. Depending on the type of 

method, either qualitative or quantitative, the respective performance characteristics 

need to be determined. The calibration curve used for quantifications should have at 

least five data points including zero. To reduce the uncertainty of results, relatively 

more reliable concepts of CCα (decision limit) and CCβ (detection capability) were 

introduced by replacing LOD (limit of detection) and LOQ (limit of quantization). 

CCα and CCβ are typically based on MRLs or MRPLs and may or may not depend on 

the sensitivity of the instrument. On the other side, LOD and LOQ are directly related 

to the sensitivity of the instrument. Decision limit (CCα) is defined as “the limit at 

and above which it can be concluded with an error probability of α that a sample is 

non-compliant”. Detection capability (CCβ) represents the smallest amount of a 

Mass fraction Range 

≤ 1µg/kg - 50% to + 20% 

˃ 1µg/kg to 10 µg/kg -30% to + 10% 

≥ 10µg/kg -20 % to +10% 



Chapter 1: Introduction and Review of Literature 

10 

 

substance that could be detected, identified and/or quantified in a sample with an error 

probability of β [2]. 

1.4  Methods for Veterinary Drug Residue Analysis 

A broad range of screening and confirmatory methods are currently in practice to 

analyze the veterinary drug residues in food products of animal origin. But the 

selection of method is largely dependent on factors like nature of problem, final goal, 

and cost of sample analysis [39]. Most of the analytical strategies currently in practice 

adopt two-step analysis of drug residues in order to maintain sample high throughput 

and reduced analysis cost. The first step comprises of simple and low cost screening 

methods aimed at detection of typically a single type of drug residue or a class of drug 

residues. Any suspected positives are further analyzed, confirmed and quantified 

using a confirmatory method in second step [40]. This so-called two step analytical 

strategy is illustrated in Figure 1-1. In general,  the methods for veterinary drug 

residues can be categorized as: (I) Biological methods like ELISA, biosensors and 

microbial inhibition etc. (II) Chromatographic methods like HP-TLC, HPLC, and GC 

etc and (III) Separation techniques coupled to MS like LC-MS based methods. All of 

them can be used for screening and quantification but for confirmatory analysis third 

one is the only choice. 
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Figure 1-1 Schematic diagram as an example for the veterinary drug residue 

analysis, adopted from Reig et al.[40]. 

1.4.1  Biological Screening Methods 

A large number of versatile analytical methods have been developed over the years 

using different biological techniques. They are usually screening methods but can also 

provide semi-quantitative or quantitative information of contaminants. Screening 

methods are specifically developed to separate out the non-compliant samples from 

compliant ones. As only the samples showing positive values above a certain limit, 

the non-compliant samples, need to be further investigated, screening methods thus 

expedite the analytical process by reducing the number of samples for confirmatory 

analysis. A screening method should, therefore be cheap, highly specific, easy to use, 

with high throughput and able to minimize false positive results [40]. According to 

Sample 

(muscle, milk, urine, etc)

Sample processing

(As per method requirement)

Screening Method 

(Biological, HPLC ,or LC-MS)

Non- compliant samples

≥ CCβ

Further sample 

purification/treatment

LLE,SPE,MSPD

Confirmatory method

(LC-MS)

Compliant sample

< CCβ

Compliant

≤ CCα

Non- compliant

˃ CCα
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Commission Decision 2002/657/EC, one of the fundamental requirements for a 

qualitative method is CCβ, the detection capability. Here the β error (false compliant 

rate) is the probability that the sample under analysis is in fact non-compliant albeit a 

compliant measurement has been obtained. The false compliant rate i.e. β error should 

be < 5% at the regulatory limit (MRL or MRPL) for a screening method. Also the 

CCβ value of a screening method should be ≤ regulatory concentration in case of 

analytes with an established regulatory limit [41]. A plethora of peer reviews are 

available in literature covering multiple natured screening methods for veterinary drug 

residues [11, 42, 43].  These methods vary in reliability, specificity, and cost of 

analysis, but usually most of them can be categorized into three major classes. 

Microbiological Methods 

These methods are generally known as microbial inhibition assays. The susceptible 

microbes are incubated in the presence of food sample on agar growth medium. A 

zone of inhibition is formed around the food sample if residues of the antibiotic drugs 

are present in the sample. These tests can be used for multiple classes of antibiotics. 

Typical example of microbial inhibition analysis is CPMA (Combined Plate 

Microbial Assay) in which multiple plates are used simultaneously for the screening 

of various classes of antibiotics [44]. Figure 1-2 shows the practical example of 

microbial inhibition assay for the routine screening of antibiotics in tissues and milk 

samples. These methods are quick, easy and cheap, but major drawback is that a 

variety of microrganisms have to be used and incubated for long period of time [42]. 

Currently many more different types of microbiological assays have been developed 

for single class, multiple classes or single drug targets such as: BsDA (Bacillus 

stearothermophilus, Disk Assay), Premi® test, and Delvotest® [42, 45].  
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Figure 1-2 Six plate microbial inhibition assay for screening of different classes 

of antibiotics in various tissues. Inset picture representing the 

measurement of zone of inhibition with the help of ruler produced by 

milk samples 

Immunological Methods 

Basic principle of these methods involves antigen-antibody interaction and is 

normally used in wide-scope application of veterinary drug residue analysis. The 

antigen-antibody interactions are very specific and therefore very useful tool for target 

oriented residue analysis [11]. Different types of immune-affinity assays can be found 

in literature for a variety of drugs e.g. ELISA [46], RIA [47] and FPIA [48] etc.  

Biosensors 

The biosensors instrumentation consists of two elements: an antibody which functions 

as biological recognition element and a transduction element which is in close contact 

with data acquisition and processing system to receive and process signals generated 

from this interaction [49]. Biosensors are widely used in analytical chemistry for the 

analysis of different food contaminants and other biological and biochemical 

materials [50, 51]. The biosensors have the advantage over other biological methods 

as they can be operated in real time and can be used for analysis of multiple drugs 

[11].           
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Biological screening methods being cheap and having few sample preparation 

steps, have always been the method of choice for analysts [46]. Most of the biological 

methods, however, are specific for a single drug target or a single class and cannot 

differentiate between different drug targets. Thus the biological methods have very 

limited scope in multiclass multidrug residue analysis.  

1.4.2  Chromatographic and Related Methods 

High-performance thin layer chromatography (HP-TLC) which is an automated and 

advanced version of traditional thin layer chromatography (TLC) has been used over 

the past decades for residue analysis [52-54]. However due to the great advancement 

in HPLC the use of this technique has been reduced [55].  

HP-LC has replaced all other separation techniques because of its sensitivity, 

selectivity and versatility of the chromatographic columns and detectors. Different 

types of detectors like UV, PDA, FLD and MS can be coupled with HPLC depending 

on the requirement. A number of applications of this technique in different fields of 

analytical chemistry have been published over the years [56-60]. In addition some 

other techniques like gas chromatography (GC) and capillary electrophoresis (CE) are 

also used for veterinary drug residues in different food matrices [61]. 

However, for metabolic studies and multidrug residue analyses, these simple 

chromatographic techniques are insufficient on their own to fulfill the requirements of 

unambiguous chemical confirmation enforced by the international authorities. 

Consequently these separation techniques are used coupled with MS such as GC-MS 

and LC-MS for accuracy.  

1.4.3 Mass Spectrometry in Screening and Confirmatory Analysis of 

Antibiotic Drug Residues 

The next step after positive identification of a suspected sample in a screening test is 

its confirmation and quantification through a suitable confirmatory method. As 

discussed earlier a confirmatory method should provide some structural information 

of the contaminant so that closely related compounds can easily be discriminated [36]. 

Mass spectrometer coupled with HPLC or GC perhaps is the only best choice 

available to fulfill the requirement of a confirmatory method according to 

Commission Decision 2002/657/EC. 



Chapter 1: Introduction and Review of Literature 

15 

 

 Preliminary findings that MS can provide useful information about the 

chemical structure of an organic molecule at very low concentrations prompted efforts 

to take full advantage of this powerful technique. Since the seminal work to couple 

LC with MS in early 1970s, the quest for the best interface for high LC flow rates has 

been continued. After the introduction of atmospheric pressure ionization (API) 

technique, the problem appeared to be solved. Among different API techniques, ESI 

(electrospray ionization) and APCI (atmospheric pressure chemical ionization) 

remained more popular [62]. Both ESI and APCI being soft ionization techniques can 

be used for the ionization of antibiotics to get the useful fingerprints and there is no 

significant difference between them regarding applications. High LC flow rates in 

APCI are possible as the probe is heated and the solvent evaporates at these high 

temperatures resulting in high signal to noise ratios. The problem of low flow rates in 

ESI has been compensated in recent years by applying hot gas flowing either in line 

with spray (z-spray interface) or perpendicular to spray i.e. turbo ion spray interface 

[63]. The use of LC-ESI-MS in small molecule analysis has become inevitable and 

since its introduction in 1984, its application in the field of drug and metabolite 

analysis is increasing every year [64].  

Based on the resolution and accuracies of commonly used mass analyzers, the 

mass spectrometers can be categorized as: low resolution (LR-MS) and high 

resolution (HR-MS) mass spectrometers. Resolution of a mass spectrometer is its 

ability to differentiate between slightly differing m/z ion ratios. It is generally 

measured at full width and half of the maximum height (FWHM) of a single peak 

except for magnetic sector instruments, where it is measured at 10% valley between 

two consecutive peaks [65]. The accuracy of the mass measured by a mass analyzer in 

terms of m/z is the difference between theoretically calculated monoisotopic masses 

and the measured mass and is expressed in parts per million (ppm) [66]. Figure 1-3 

represents the example for the calculation of mass accuracies and mass resolution of a 

mass spectrometer by FWHM method. 
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Figure 1-3 Example to show the mass accuracy (upper part) and mass resolution 

measurement of selected ions by FWHM method (lower part), Balogh et al.[66]. 

Mass spectrometers based on triple quadrupole (QqQ) mass analyzer are the 

most widely used LR-MS instruments for confirmatory analysis of veterinary drug 

residues in different food matrices [67]. It can be operated in different scan modes 

like neutral loss scan (NLS), selected reaction monitoring (SRM) and multiple 

reaction monitoring (MRM) modes. High degree of selectivity and sensitivity can be 

achieved by selecting targeted analyte in SRM or MRM acquisition modes for 

confirmatory analysis [63]. Among other LR-MS instruments, quadrupole linear ion 

trap (Q-LIT) is somewhat comparable to QqQ regarding target-oriented analysis. 

Target-oriented analysis on Q-LIT instrument is usually carried out in SIM and SRM 

modes but it cannot be operated in MRM mode like QqQ, which limits its applications 

in confirmatory analysis. The main advantage of Q-LIT is that it can perform 
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sequential mass analysis (ion/molecular reactions) by varying reaction times in ion trap 

providing useful structural information for unknown compounds [68]. Both QqQ and 

Q-LIT being low resolution (LR) usually work at unit mass resolution and are quite 

sensitive for targeted analytes but have limited applications while dealing with 

numerous multiclass multidrug residues as well as non-targeted analytes for screening 

purposes, as higher degrees of accuracy and resolution are required to distinguish 

between closely related masses [69]. Yet QqQ is used as a standard technique and used 

more widely than any other MS instrument to screen, confirm and quantify drug 

residues. Table 1.7 represents the comparison of different mass analyzers in the m/z 

range of 300-400. 

Table 1.7 Comparison of different mass analyzers in 300-400 m/z range, Krauss 

et al.[69] 

Mass 

Spectrometer 

Resolving a 

Power(FWHM) 

Mass accuracy 

(ppm) 

Linear dynamic 

range 

Sensitivityc 

(absolute mass) 

Triple 

quadrupole 

(QqQ) 

Unit resolutionb 50 104 Femto to pictogram 

(SRM) 

Quadrupole ion 

trap (QIT)  

10,000 50 103 Femto to pictogram 

(SRM, full scan) 

Time-of-flight 

(TOF) 

20,000 3 102-103 Picogram (full scan) 

Orbitrap 100,000 2 103-104 Femto to pictogram 

(full scan) 

Fourier transform 

ion cyclotron 

resonance (FT-

ICR) 

1,000,000 ≤ 1 104 Picogram (full scan) 

a Resolving power depends on m/z range and scan speed on most instruments 
b Unit mass resolution is the resolution for standard quadrupole instruments, with special hyperbolic quadrupole 

instruments a resolving power of 5,000 and a mass accuracy of 5 ppm can be achieved without a major loss of 

signal intensity 
c Sensitivity depends strongly on the ionization efficiency of the compound in the ion source 

The recent trend in veterinary drug residue analysis utilizes the high 

throughput approach to screen multiclass multidrug residues in full scan mode using 

HR-MS instruments. Any suspects are further quantified by conventional QqQ mass 

spectrometers. For the desired purpose, high resolution and accurate mass measuring 

spectrometer like time-of-flight mass spectrometer (TOF-MS), quadrupole time-of-

flight tandem mass spectrometer (Q-TOF-MS/MS) and Orbitrap-MS are used these 

days. These instruments have high resolving powers of ≥10,000 FWHM and mass 

accuracies of 1-5 ppm, which are specially required for correct identification of 
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unknown compounds [70]. Higher resolution mass spectrometers are advantageous to 

measure the isotopic pattern of a compound and can easily separate isobaric 

interferences from true contaminated signals.  

The introduction of UPLC in the last decade employing the chromatographic 

columns with sub-2 µm particles also left remarkable impact on contaminant analysis. 

Introduction of UPLC to contaminant analysis workflows led to shorter runtime, 

improved resolution and better sensitivity [71, 72]. Many scientists now prefer UPLC 

and currently it is regularly employed in many areas of analytical chemistry. Sharp 

and narrow peaks are obtained due to short column volume and small particle size. 

Modern day MS analyzers like QqQ, TOF and Orbitrap with fast duty cycle are easily 

compatible with UPLC [73]. High back pressure is generated in standard UPLC 

columns rendering them incompatible with normal HPLC systems. Another low 

pressure technology named as ‘core shell technology’ was introduced in 2007 [74]. In 

contrast to normal fully porous UPLC columns, these columns are packed with sub-3 

µm particles, which have porous outer surface and 1.7-1.9 µm solid inner core [73]. It 

has been shown that ‘core shell technology’ gives results comparable to UPLC [75]. 

Single Class Multi-residue LC-MS/MS Based Methods 

The use of LC-MS/MS in target oriented analysis is wide-spread and as a result of 

remarkable advances in technology, it is routinely used for the quantitative 

determination and confirmation of food-born contaminants. Single class LC-MS/MS 

based method is used for the confirmation and quantification of drug residue after the 

positive identification through a screening method. The single class multi-residue 

methods are highly specific and sensitive for suspected drug targets and usually are 

more reliable than multiclass methods. A large number of methods have been 

developed for different drugs e.g. for penicillin and cephalosporins [76], for 

quinolones and cephalosporins [77], for sulphonamides [78], for amphenicols [79], 

for hormones [80], for NSAIDs [81] etc. and are used in routine analysis. 

LC-MS/MS Based Multi-class Multi-residue Analysis of Antibiotic 

LC-MS/MS based multiclass multi-residue analysis, in foodstuff, has gained expert 

attention in recent years. With ever-growing number of drugs being used in veterinary 

practice the traditional biological screening followed by LC-MS/MS based 

confirmation is no longer able to cater to the high throughput needs. Analyzing each 
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and every residue one-by-one in a given matrix is not only cumbersome and time 

taking but may also prove to be highly costly. The ability of modern mass-spec 

systems to accurately analyze a large number of compounds simultaneously and that 

too in considerably shorter times as compared to the traditional two-step workflows 

has ranked it as first choice for many surveillance programs [40]. The surveillance 

program of U.S. Food and Drug Administration Centre for Veterinary Medicine 

(CVM) is one such example [82].  The LC-MS/MS based multiclass multi-drug 

residue analysis methods serve in two ways: firstly they can accurately identify target 

compounds that were intended to be monitored; secondly any additional findings may 

also be helpful to control illegal administration of veterinary drugs [83]. This added 

advantage makes any surveillance activity more purposeful. 

 Research related to veterinary drug residue analysis has gained much 

momentum in recent years. Scientists all around the world have devised many 

excellent detection and quantification methods for veterinary drug residues analysis in 

various food sample matrices, ranging from animal muscle and body organs to eggs 

and honey. 

a) Difficulties and Trends in Sample Clean-up for LC-MS Based Multiclass 

Multi-residue Analysis 

Products of animal origin are complex mixtures of numerous biochemical entities and 

inorganic salts. Consequently the sample clean-up for multidrug residue analysis 

requires a good extraction methodology to minimize the matrix effects for better S/N 

ratio and improved LODs and LOQs. Commonly encountered animal-origin matrices 

include; milk, muscle tissues, bile, urine, eggs as well as organs like liver, kidneys 

and eyes. Animal hairs are also used quite often for the detection of banned 

substances. Honey is another food product used for drug residue analysis especially 

antibiotics. However muscle tissues, kidneys, liver, eggs and milk remain to be more 

frequently used matrices for antibiotic analysis. When dealing with such complex 

food matrices, the selection of sample clean-up procedure is always difficult for 

multiclass multi-residue analysis so as to extract all analytes in the extraction medium 

without compromising actual concentration of any of the analyte [84]. 

 The difficulty in sample extraction arises from several interfering factors e.g. 

type of the matrix, differences in the chemistry and structures of analytes, instability 
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of many analytes in certain extraction conditions, and physical and chemical binding 

of certain analytes with biological materials in the matrix [85]. With fewer parameters 

to optimize to obtain acceptable limits, single-class multi-residue analysis is relatively 

simple as compared to multiclass multi-residue analysis. A number of extraction and 

purification techniques have been reported in literature for multi-component 

extraction. In addition to more advanced MS technology minimizing the matrix 

effects, the sample preparation techniques have also been improved significantly. 

 Routine extraction procedures normally include the liquid-liquid extraction 

(LLE) and solid phase extraction (SPE). The solid phase chemistries and applications 

have been continuously evolved for better extraction of multiple categories of 

analytes from a complex matrix. In parallel, some instrument-based extraction 

techniques like pressurized liquid extraction (PLE), ultrasonic and microwave assisted 

extraction, and inline separation techniques (e.g. turbulent flow chromatography TFC) 

have also emerged to be relevant [86] . The extraction methodologies for multidrug 

residue analysis have been extensively reviewed previously [87-89]. Berendsen et 

al.[87] reviewed the use of generic extraction techniques oriented towards multiclass 

analysis of a large number of compounds from different food products. The generic 

strategies were categorized as solvent extraction (LLE), solid phase extraction (SPE) 

and QuEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe) approach. For 

high sample throughput, fast screening and confirmatory methods, short sample 

preparation times, and easy to use methods are now being employed by many 

researchers.  

b) Multiclass Methods Based on Quadrupole/Quadrupole Ion Trap MS/MS 

Instruments 

There have been only a few methods based on simple quadrupole and quadrupole ion 

trap instruments for the multiclass residue analysis. This is mainly due to the lack of 

required sensitivity and scanning speed that can be achieved using these instruments 

as compared to the multiple stage quadrupole and high resolution mass spectrometers. 

Nevertheless, the use of ion trap mass spectrometers (quadrupole ion trap Q-IT and 

linear ion trap Q-LIT) with multiple stage MSn experiments (tandem in time) can 

serve the purpose. Summary of methods based on this technique is shown in Table 

1.8a. 
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Table 1.8a Methods based on quadrupole/quadrupole ion trap MS/MS instruments 

Classes/ No. of Compounds Matrix MS-technique Sample extraction and 

clean-up 

Conditions for Chromatography Recovery 

& RSD 

(%) 

CCα, CCβ, 

LOD, LOQ 

(µg/kg) 

Method 

type 

 

Ref. 

Classes: 2, Ionophores, Macroloids, 

Compounds: 7 

Eggs ESI (+), QIT-

MSn   

Double extraction with 

acetonitrile; SPE with 

silica cartridges  

HPLC: Agilent 1100,Column: phenyl  

Mobile phase: Acetonitrile (A), 0.1% 

formic acid (B)  

40-85 

 

LOD:1-3  S/C [82] 

Classes: 4, β-lactams, Quinolones 

Tetracyclines, Sulphonamides 

Compounds: 29 

Eggs ESI (+), QIT-

MSn   

Extraction with Succinate 

buffer pH 3.5; SPE with 

Oasis HLB  

HPLC: Agilent 1100, Column: 

phenyl , Mobile phase: 0.1% Formic 

acid (A), acetonitrile (B) 

45-80  

 

LOD: 10-50  S/C [90] 

Classes: 5,Antiparasitics, Cationic dyes, 

Quinolones, Sulphonamides 

Tetracyclines,                       

Compounds: 18 

Shrimp APCI (±);  

QIT-MSn  

Extraction with TCA and 

hydroxyl-amine 

hydrochloride; SPE with  

Oasis HLB 

HPLC: Agilent 1100, Column: 

phenyl , Mobile phase: 0.1% Formic 

acid in 5% acetonitrile (A), 0.05% 

formic acid in 85% acetonitrile (B) 

40-90  LOD:10-

200  

S/C [91] 

Classes: 3, Antiparasitics, Tetracyclines, 

Sulphonamides,                     

Compounds: 10 

Milk ESI (+),QP 

(SIM one 

transition) 

Extraction with   TCA and 

McIlvaine buffer   pH 4.5,  

SPE with Oasis HLB  

HPLC: Agilent 1100, Column: C-18 

Mobile phase: 1mM Oxalic acid in 

5% acetonitrile(A), 1mM oxalic acid 

in 95% acetonitrile(B) 

72-97, RSD 

≤ 11 

LOD: 0.5 -

2.6, LOQ: 

0.6- 8.6  

S/Q [92] 

Classes: ˃ 6, Amphenicoles, 

Antiparasitics, β-lactams,Macroloids 

Nitroimidazoles, Quinolones, 

Sulphonamides, Tetracyclines, 

Compounds: 38 

Fish  ESI (±), QIT  Double extraction with 

acetonitrile  and n-hexane  

HPLC: Agilent 1100,Column: 

Phenyl,  Mobile phase:  0.1% Formic 

acid and 10 µM NaOH in water(A), 

acetonitrile (B) 

> 50  LOD:10-

100  

S [93] 
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A method based on simple extraction with acetonitrile and clean-up with silica 

SPE cartridges for relatively less polar or non-polar residues of ionophores and 

macroloids was developed for chicken eggs [82]. To improve the sensitivity of the ion 

trap (Q-IT), time scheduled scanning and/or data dependent scanning mode was used 

where many compounds co-elute in a narrow range. Although the recoveries were low 

for some macroloids, the method was able to successfully screen analytes below 10 

ppb level. For the confirmation of each drug, at least one product ion was investigated 

while comparing the reconstituted ion chromatograms (RICs). Another method for 

relatively more polar classes of drug residues in chicken eggs was developed by the 

same group [90] in which the performance of the older and newer versions of the two 

ion trap mass spectrometers were compared. Both the methods have great potential 

from the surveillance point of view and can provide the early alert about the presence 

of residues at or below the level set by FDA.  

During the same year using APCI as an ionization source a method for 

screening and confirmatory analysis of eighteen drugs in shrimp from different 

antibiotic classes and some cationic dyes was developed [91]. The authors 

demonstrated the potential benefit of APCI source as an alternative to ESI. The 

method was able to confirm oxytetracyclin (OTC) residues at 200 ng/g (200 µg/kg) 

and many other drugs down to 10 ng/g or lower. In order to prevent the oxidation 

and/or de-methylation of dyes in TCA, hydroxylamine and ascorbic acid were used. 

Also for better extraction of oxytetracyclin and quinolones, which have good affinity 

for metal ions, a slight addition of EDTA in buffer shifted the equilibrium towards 

protonation.  Two separate runs (positive and negative mode) for the screening and 

confirmation of residues were used and each drug was verified by matching at least 

two product ions.  Reconstituted ion chromatogram (RIC) for the determination of 

enrofloxacin residues in shrimp samples is shown in Figure 1-4.   

The choice of mobile phases for the elution of analytes belonging to different 

chemistries sometimes require the use of volatile mobile phase additives (e.g. buffers)  

not usually recommended for LC-MS systems. They can easily clog the ion source 

and pose serious problem for the MS system. However, the use of orthogonal spray in 

modern LC-MS systems gives some flexibility to use minimal concentrations of these 

compounds in mobile phase without disturbing the sensitivity of the MS system.  
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Figure 1-4 Enrofloxacin residue confirmed in unknown shrimp sample. 

Left side representing the primary and secondary RICs and mass spectrum for 

fortified Bowers shrimp at 25ng/g, right side representing primary and secondary 

RICs for shrimp sample from store estimated at 20 ng/g adopted from Hui et al.[91] 

c) Multiclass Methods based on triple Quadrupole MS/MS instruments 

Most of the LC-MS/MS based methods published during the last decade for 

contaminant analysis in food or other matrices are typically based on multistage 

quadrupole instruments [69]. These instruments are used primarily for the 

quantification and confirmation of low levels of contaminants. The basic operation 

mode in routine analysis is MRM (multiple reaction monitoring) or sometimes also 

called SRM (single/selected reaction monitoring). These two terms are 

complementary as each MRM can have two or more SRMs [94]. These spectrometers 

can be operated in other scan modes but with limited applications. Modern triple 

Quad instruments have fast scanning speed and polarity switching that allows 

incorporation of a large number of compounds in a single method without 

compromising the sensitivity. The fast scanning speed enables them to be coupled 
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with high speed LC system (UPLC) thus sufficiently reducing the run time. Ultra 

Performance Liquid Chromatography coupled to triple Quad instruments (UPLC-

QqQ) has almost superseded all other related techniques by providing higher degree 

of sensitivity and selectivity [95] . Summary of triple quadrupole based methods is 

listed in Table 1.8b. 

An LC-QqQ based multiclass screening method for multiple species published 

by Yamada et al.[96]  is one of the ground-breaking works in multiclass multidrug 

residue analysis. Most of the drugs out of 130 were successfully identified at 

concentrations of 3µg/kg. Among the tested matrices the recoveries were better in 

chicken muscles for more than 120 drugs. Simple acetonitrile/methanol based generic 

procedure was adopted with no further clean up. Multiple retention time windows 

were used for data acquisition to get maximum data points for each MRM. Yamada 

and coworkers’ method highlights the potential of LC-MS/MS in identifying a large 

number of drug residues using a single run. The data thus generated can provide a 

basis for further action in case of positive results.   

The main problem which is normally encountered during simultaneous 

analysis of various compounds in MRM mode on QqQ instruments is the scanning 

speed limitation of the mass analyzer to provide maximum data points for each MRM. 

Data acquisition is usually done in scheduled MRM mode or making short retention 

time windows to get acceptable number of data points for each MRM. Here again 

selecting large number of short retention time windows still creates problem if the 

retention time shifts slightly. Nevertheless, the sensitivity has to be compromised and 

the best approach is to first analyze the samples using generic approach followed by 

confirmation and quantification by the methods for targeted drug class [97]. The 

objectives and requirements of the laboratories, however, are considered before 

devising a strategy. If a small number of compounds of multiple classes have to be 

analyzed, the sensitivity is usually not an issue and the same methods can be used to 

screen/confirm/quantify simultaneously. Yet the need of target-oriented LC-MS/MS 

methods cannot be underestimated to get more reliable results.  
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Table 1.8b Methods based on Triple Quadrupole MS/MS instruments 

No. Of Classes/Compounds Matrix MS-

technique 

Sample extraction and 

clean-up 

Conditions for 

chromatography 

Recovery & 

RSD (%) 

CCα, CCβ, 

LOD, LOQ 

(µg/kg)  

Method 

type 

S/C/Q 

Ref. 

Classes: ˃ 10, Anthelmintics, β-lactams, 

Coccidiostatics, Macroloids, NSAIDs, 

Quinolones, Sulphonamides, Steroids   

Compounds: > 130 

Muscle 

(Bovine, 

porcine 

and 

chicken) 

ESI(±); (one 

MRM) 

Extraction with  

acetonitrile/ methanol 

(95/5 V/V) and Na2SO4 

HPLC: (not mentioned), 

Column: ODS,  Mobile 

phase: 10mM 

ammonium acetate and 

0.3% acetic acid (A) 

acetonitrile/methanol (B) 

 70-110, RSD 

≤ 20  

LOD: 0.03-

3, LOQ: 

0.1-10  

S [96] 

Classes: 5, β-lactams, Macroloids, Quinolones, 

Sulphonamides Tetracyclines,             

Compounds: 19 

Muscle 

and 

Kidney 

ESI (+), (one 

MRM) 

Extraction with EDTA 

and 70% methanol, 

extract diluted with water 

HPLC: Waters Alliance  

Column: C-18, Mobile 

phase: acetonitrile(A), 

0.2% formic acid and 

0.1mM Oxalic acid (B) 

Muscle 47-

121, Kidney 

44-107 

LOD: 2-15, 

CCβ < MRL  

S/Q [6] 

 

 

Classes: 5, β-lactams, Macroloids, Quinolones, 

Sulphonamides, Tetracyclines             

Compounds: 39 

Muscle ESI(+), (two 

MRM) 

Extraction with EDTA 

and 70% methanol, 

extract diluted with water 

UPLC: Acquity Waters, 

Column: C-18, Mobile 

phase: 0.2% Formic acid 

1mM oxalic acid (A), 

acetonitrile with 0.1% 

formic acid (B)  

60.5-96.5, 

RSD < 20%  

CCα: 4.4-

318.6,  

CCβ: 6.9-

337.2 

S/ Q/C [98] 

Classes: 7, β-lactams, Lincosamides, Macroloids, 

Quinolones, Sulphonamides, Tetracyclines, 

Nitroimidazoles Trimethoprim,           

Compounds: 31 

Muscle 

(pig and 

cattle) 

ESI (+), (two 

SRM) 

Extraction with 

Pressurized Liquid 

Extraction (PLE), blend of 

1g sample + 11g EDTA 

washed sand fill to 

extraction cell 

HPLC: Waters Alliance  

Column: C-18, Mobile 

phase: 10mM formic 

acid in MeOH (A), 

10mM formic acid in 

water (B) 

79-99,     

RSD < 18 

LOD: 3-15, 

LOD: 10-

50, CCα: 

12-308, 

CCβ: 14-32 

Q/C [99] 

Classes: 5, Anthelmintics, Macroloids, 

Quinolones, Sulphonamides, Tetracyclines 

Compounds: 18 

Milk ESI (+), (two 

MRM) 

Extraction using 

QuEChERS 

 

UPLC: Acquity Waters, 

Column: C-18, Mobile 

Phase: Methanol(A), 

0.01% formic acid (B) 

70-110,   

RSD < 21 

LOD: 1-4 

LOQ: 3-10   

Q/C [100] 
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Classes: 6, Aminoglycosides, Amphenicols,       

β-lactams , Macroloids, Sulphonamides, 

Tetracyclines                                        

Compounds: 42 

Honey ESI (+), (two 

SRM) 

Four successive 

extractions; (I) 

acetonitrile, (II) TCA and 

acetonitrile, (III) NFPA 

and acetonitrile,(IV) 

hydrolysis at 65˚C and 

acetonitrile extraction   

HPLC: Agilent 1100, 

Column: C-18 Mobile 

phase: 0.5% Formic and 

1mM NFPA(A), 0.5% 

formic acid in 50/50 

acetonitrile/methanol(B)  

40-90,     

RSD < 28   

 

CCα: 24-30 

CCβ: 27-80  

S [101] 

Classes: 4, Macroloids, Quinolones, 

Sulphonamides, Tetracyclines             

Compounds: 17 

Honey ESI(+), (two 

MRM) 

Extraction with  EDTA 

solution pH 4; SPE with 

Oasis HLB 

UPLC: Acquity Waters, 

Column: C-18, Mobile 

phase: Methanol 

(A),0.05% formic acid 

(B) 

70-118,   

RSD  ≤ 20  

LOD: 0.1-

1.0, LOQ: 

0.3-3.3  

Q/C [102] 

 

 

Classes: 5, β-lactams, Macroloids, Quinolones, 

Sulphonamide, Tetracyclines                

Compounds: 19 

Muscle ESI (+), (two 

MRM)  

Extraction with 0.1M 

EDTA and 70% methanol, 

extract diluted with water 

HPLC: Waters Alliance 

Column:  C-18, Mobile 

phase: (A) acetonitrile 

(A), 0.2% formic acid 

and 0.1mM Oxalic acid 

(B) 

 68-95 LOD: 1-30, 

CCα: 57-

473, CCβ: 

65-547  

Q/C [103]  

 

 

 

Classes: > 5,  Lincosamides, Macroloids, 

Quinolones, Sulphonamides Tetracyclines, 

Compounds: 47 

Milk ESI (+),  (two 

SRM) 

Extraction with 20%  

TCA and McIlvaine 

buffer pH 4.0; SPE with 

Oasis HLB  

HPLC: Agilent 1100, 

Column: C-18, Mobile 

phase: 0.2% Formic acid 

(A), 0.2% formic acid in 

ACN  

 94-109    

RSD < 20  

CCα: 6.6-

243, CCβ: 

7.9-325  

 

Q/C [104] 

Classes: 3, Sulphonamides, Tetracyclines, 

Trimethoprim                                       

Compounds: 19 

Meat 

(multiple 

species) 

ESI(+), (two 

MRM) 

Extraction with 0.1M 

EDTA, water and 

acetonitrile 

UPLC: Acquity Waters 

Column: C18 Mobile 

phase: 0.05% formic 

acid(A),  0.05% formic 

acid in acetonitrile 

100,         

RSD ≤ 20 

CCα: 3.3-

147, CCβ: 

4.1-170 

 

Q/C [105] 

Classes: 5,  Dinitrocarbanilide, Ionophores, 

Quinolones Nitroimidazoles, Sulphonamides  

Compounds: 41 

Muscle 

(chicken) 

ESI(±), (one 

MRM)  

QuEChERS, SPE with  

SCX 

HPLC: Waters Alliance  

Column: Synergi RP, 

Mobile phase: 0.1% 

Formic acid (A), ACN 

(B),  MeOH (C) 

 70-90      

RSD < 20  

CCα: 0.27-

444, CCβ: 

0.45-487  

S [106] 
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Classes: 8, Aminoglycosides, β-lactams, 

Macroloids , Lincosamides Sulphonamides, 

Tetracyclines, Quinolones                    

Compounds: 58 

Milk ESI (+), (two 

MRM) 

 Two separate extractions 

for multiple classes;  (I) 

Acetonitrile, (II) 5% TCA 

in water 

HPLC: Agilent 1100, 

Column: C-18, Mobile 

phase: 0.1% PFPA (A), 

acetonitrile (B) 

Recovery: 

not 

mentioned 

LOD: 0.16-

3.5, CCβ < 

VL 

S [107] 

Classes: 8,  Aminoglycosides, Amphenicoles, β-

lactams, Macroloids, NSAIDs, Quinolones, 

Sulphonamides, Tetracyclines             

Compounds: 39 

Muscle 

(Veal) 

ESI (±), (two 

MRM) 

Extraction (I) 

Acetonitrile/water (86/14 

V/V) heating  60⁰C, (II) 

pellet from first step 

extracted with water and 

both extracts combined 

HPLC: Agilent 1200, 

Column: C-18, Mobile 

phase: 0.1% Formic acid 

(A), acetonitrile (B)(for 

aminoglycosides mobile 

phase A 0.4% formic 

acid) 

45-106,   

RSD ≤ 10  

LOD: 1-41 S/Semi-

Q 

[108] 

Classes: 8, Aminoglycosides, β-lactams, 

Coccidiostats, Lincosamides, Macroloids, 

Quinolones, Sulphonamides, Tetracyclines 

Compounds: 24 

Muscle 

(Chicken) 

ESI (±), (two 

MRM) 

 

Extraction with TCA and 

acetonitrile 

UPLC: Acquity Waters, 

Column: ZIC-HILIC, 

Mobile phase: 50mM 

ammonium formate (A), 

acetonitrile (B) 

53-99,     

RSD ≤ 15  

CCα: 58-

510, CCβ: 

65-525 

LOD: 0.1-

20, LOQ: 

0.3-60 

Q/C [109] 

Classes: 7, Antiparasitics, Ionophores, 

Macroloids, NSAIDs, Quinolones, Tetracyclines, 

Sulphonamides                                     

Compounds: 8  

Milk ESI (+), (two 

SRM) 

Pre-treatment with 

water/acetonitrile  

containing 50mM 

ammonium acetate and 

EDTA; Online clean-up 

on turbo flow column  

HPLC column: phenyl 

hexyl, Mobile phase: 

0.1% Formic acid and 

0.01% TCA (A), 

methanol (B) 

Recovery: 

not 

mentioned, 

RSD < 20 

LOD: 0.1-

5.2 

S [110] 

Classes: 7, β-lactams, Lincosamides, Macroloids, 

Quinolones, Sulphonamides, Tetracyclines 

Compounds: 41 

Eggs ESI (+), (two 

MRM) 

 

Pressurise liquid 

extraction(PLE) 

 

 

UPLC: Acquity Waters 

Column: C-18, Mobile 

Phase: 0.02% Formic 

acid, and 1mmM oxalic 

acid (A), 0.1% formic 

acid in acetonitrile (B) 

 50- 90   

RSD: < 20  

CCα: 0.5-

1232.3 

µg/kg; CCβ: 

1.1-264.6 

µg/kg 

Q/C [111] 
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Classes: 6, Benzimidazoles, β-lactams, 

Macroloids, Quinolones Sulphonamides 

Tetracyclines                                       

Compounds: 37 

Muscle 

(Porcine) 

ESI (+), (two 

MRM) 

Solid-liquid extraction 

with fast partition at very 

low temperature (LLE-

FPVLT) 

 

HPLC: Waters Alliance  

Column: C-18, Mobile 

phase: 0.1% Formic acid 

in 95/5 water 

/acetonitrile (A), 0.1% 

formic acid in 5/95 

water /acetonitrile 

Not 

mentioned 

  

LOD: 0.41-

11.96, CCβ: 

< 1/2 MRL  

S [97] 

Classes: 5, Anthelmintics, Macroloids, 

Quinolones, Sulphonamides Tetracyclines 

Compounds: 29 

Baby food ESI (+),  (two 

MRM) 

Extraction using 

QuEChERS 

 

UPLC: Acquity Waters, 

Column: C-18, Mobile 

Phase: (A) Methanol 

(A), 0.05% formic acid 

(B) 

70-128    

RSD ≤ 20 

CCα: 0.5-

16.2, CCβ: 

1.2-22.4, 

LOD: 0.1-5, 

LOQ: 0.3-

15  

Q/C [112] 

Classes: ˃ 9, Amphenicoles, β-lactams, 

Hormones, Lincosamides, Macroloids, NSAIDs, 

Quinolones  Sulphonamides, Tetracyclines 

Compounds: 62 

kidney 

(bovine) 

ESI (+), 

(three MRM) 

Extraction with 

acetonitrile/water  

MSPDE clean up with C-

18 material 

UPLC: Acquity Waters, 

Column: HSS T3, 

Mobile Phase: 0.1% 

Formic acid in  95/5 

water/acetonitrile (A) 

acetonitrile (B) 

≥ 70         

RSD ≤ 25 

Not 

mentioned 

S/Q/C [113] 

Classes: 11, Amphenicoles, Anthelminthics, β-

lactams, Hormones, Lincosamides, Macroloids, 

NSAIDs, Nitrofurans, Quinolones, 

Sulphonamides, Thyreostats, Tetracyclines 

Compounds: 120 

kidney 

(bovine) 

ESI (+),  (two 

MRM) 

Extraction with, 

acetonitrile/water  

HPLC: Agilent 1100, 

Column: ODS-3 , 

Mobile phase:   0.1% 

Formic acid in water (A) 

0.1% formic acid in 

acetonitrile (B)  

70-120     

RSD ≤ 20  

LOD: ≤ 10 

µg/kg 

S/Q/C [114] 

Classes: 7, Anthelmintics, Benzathine, 

Macroloids, Quinolones, Sulphonamides, 

Trimethoprim                                       

Compounds: 20 

Muscle 

(chicken) 

ESI(+), (two 

MRM)  

Extraction using 

QuEChERS, MSPD with 

Primary–secondary amine 

(PSA)  

UPLC: Acquity Waters 

Column: C-18, Mobile 

phase: 0.1% Formic acid 

in acetonitrile (A), 0.1% 

formic acid (B) 

70- 120      

RSD < 20  

LOD: 3-6 

LOQ:10-20, 

CCα:17.0-

411.8, CCβ: 

24-423 

Q/C [115] 
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Classes: 5, β-lactams, Macroloids, Quinolones, 

Sulphonamides, Tetracyclines              

Compounds: 32 

Fish 

muscle 

ESI(+), (two 

MRM) 

Extraction using 

QuEChERS 

UPLC: Acquity Waters 

Column: C-18, Mobile 

phase:  0.1% Formic 

acid in acetonitrile (A) 

0.1% formic acid (B) 

76- 116    

RSD < 20  

LOD: 3-15 

LOQ:10-50 

CCα:16.7-

605  

CCβ:23.5-

611.5 

Q/C [116] 

Classes: 3, Quinolones  Sulphonamides 

Tetracyclines                                       

Compounds: 21 

Muscle 

(cattle and 

poultry) 

ESI (+), (two 

MRM) 

 

Cell disruption with sand 

and subsequent extraction 

first with methanol  

HPLC: Waters Alliance 

Column: C-18, Mobile 

phase: 0.1% Formic acid 

(A), 0.1% formic acid in 

acetonitrile (B) 

19- 29 CCβ: 25-50  S [117] 

Classes: 6, β-lactams, Lincosamides, Macroloids, 

Quinolones Sulphonamides, Tetracyclines 

Compounds: 46 

Eggs ESI (+), (two 

MRM) 

Extraction with 0.02M 

oxalic acid, 0.1M EDTA 

and  acetonitrile, SPE with 

Oasis HLB 

HPLC: Agilent 1200, 

Column: C-18, Mobile 

phase: 0.025% HFBA in 

water (A), acetonitrile 

(B) 

86-110    

RSD < 20 

CCα: 25-

238, CCβ: 

32-285  

S/Q/C [118] 

Classes: 2, β-lactams, Tetracyclines    

Compounds: 11 

Muscle 

(Bovine) 

ESI (+), (one 

MRM) 

 

Extraction with  water 

acetonitrile, MSPDE with 

C-18 material 

UPLC: Acquity Waters 

Column: C-18, Mobile 

Phase: 0.1% Formic acid 

(A), 50% methanol (B)  

86.1-112.3 

RSD  < 20  

CCα: 30.9-

371.7, CCβ: 

36.8-443.4 

S/C [119] 

Classes: 6,  Antifungal, Corticosteroids, 

Coccidiostats, Quinolones, Sulphonamide, 

Trimethprim                                        

Compounds: 18 

Milk ESI (+), (two 

MRM) 

Double extraction with  

acetonitrile and 

supernatant diluted with 

water, SPE with Strata-X 

cartridges 

HPLC: Agilent 1100 

Column: Synergi RP 

Mobile phase:  0.1% 

formic acid (A) 0.1% 

formic acid in 

acetonitrile (B) 

65-119    

RSD ≤ 22 

CCα: 0.1-

18.7, CCβ: 

0.2-31.8 

S/Q/C [120] 

Classes: 7, Aminoglycosides, β-lactams, 

Macroloids, Quinolones    Sulphonamides, 

Trimethoprim, Tetracyclines, Compounds: 34 

Fish 

Muscle 

ESI (+), (two 

MRM) 

Extraction (I) with 0.1M 

EDTA, 3% m- phosphoric 

acid 0.02M HFBA and 

20% TCA; SPE with 

Strata X-CW; (II) same 

pellet extracted with  

acetonitrile 

HPLC: Agilent 1200, 

Column: C-18,  Mobile 

phase: acetonitrile (A), 

0.025% HFBA in water 

(B) 

96-111    

RSD < 20 

CCα: 39.6- 

108, CCβ: 

48.3 -1141  

S/Q/C [121] 
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Classes: 7, Aminoglycosides, Lincosamides, 

Macroloids, Quinolones Sulphonamides, 

Tetracyclines, Trimethoprim                

Compounds: 36 

Muscle, 

(chicken)  

ESI (+), (two 

MRM) 

Pre-treatment: 0.45ml 

ACN:2%TCA (45:55 

V/V); Online clean-up on 

turbo flow column 

HPLC column: phenyl 

hexyl, Mobile 

phase:1mM HFBA+ 

0.5% formic acid (A), 

0.5% formic acid in 

ACN: methanol (1:1) 

(B) 

71-120    

RSD ≤ 28 

LOD: 0.3-

40, LOQ: 1-

120, CCα: 

1.7-602.2, 

CCβ: 2.2-

704.4 

Q/C [122] 

Classes: ˃ 10, Anthelmintics, β –agonists, β-

lactams, Coccidiostatics, Macroloids, Quinolones, 

Sulphonamides, Tetracyclines etc.       

Compounds: > 160 

Muscle, 

milk, 

honey and 

egg 

ESI (±), (One 

MRM) 

Extraction with 

acetonitrile 

UPLC: Acquity Waters 

Column: HSS T3, 

Mobile phase: (+ve 

mode) 0.5% formic acid 

(A),  0.5% formic acid in  

acetonitrile; (-ve mode) 

(A) water (B) 

acetonitrile  

Not reported CCβ: < 

validation 

levels 

S [123] 

Classes: 5, Benzimidazoles, β-lactams, 

Quinolones, Sulphonamides  Tetracyclines  

Compounds: 27 

 

Milk ESI (+), (two 

MRM) 

Solid-liquid extraction 

with fast partition at very 

low temperature (LLE-

FPVLT 

 

HPLC: Waters Alliance  

Column: C-18  Mobile 

phase: 0.1% formic acid 

in 95/5 water 

/acetonitrile (A), 0.1% 

formic acid in 5/95 

water /acetonitrile (B) 

70-120    

RSD < 20  

LOD: 0.2-

20.8, LOQ: 

0.3-35.5,  

CCα: 10.9-

114, CCβ: 

11.7-129.3 

Q/C [124] 
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For fast screening of a large number of samples from five antibiotic classes, a 

‘dilute and shoot’ approach was adopted by Granelli and coworkers [6, 103]. With 

this approach, EDTA-added samples were extracted with 70 % methanol followed by 

dilution with water to minimize the matrix effects for direct analysis. About sixty 

samples can be analyzed in 24 hours with this simple high throughput approach. The 

addition of EDTA prior to the extraction improves the tetracycline extraction while 

the use of trace amounts of chelating agent (oxalic acid) in mobile phase enhances the 

system sensitivity for tetracycline. Single step extraction methodology using 

EDTA/water/acetonitrile was also adopted by McDonald et al.[105] for multiple 

species.  

Another considerable drawback of multiclass approach in residue analysis is 

that the recoveries are compromising and usually far less than single-class methods 

[63]. While analyzing various drugs simultaneously, which differ considerably in their 

permissible concentrations, maintaining high recoveries for all the compounds under 

analysis almost always proves to be a big challenge. Moreover, possible chemical 

interactions between the drugs under analysis can also lead to reduced recoveries. 

Nevertheless, the multiclass methods are always preferable if they can positively 

identify drug residues below their MRLs and the reproducibility values are good. 

Moreover, different drugs have different MRLs and some are unauthorized to be used 

in certain animal species utilized in the products for human consumption. For these 

compounds, the method should be able to identify them and confirm at MRPLs or 

other lowest achievable concentrations [86]. The high polarity and instability of many 

antimicrobials like β-lactams, macroloids, and TCs always present problems while 

employing generic extraction procedures for multiclass methods. Researchers 

therefore have devised several innovative extraction and sample preparation strategies 

that best suits the multidrug analysis approaches.  

For the analysis of 31 antibiotics from 7 different drug classes Carretero et al. 

[99] used pressurized liquid extraction (PLE) and were able to detect and confirm 

drug residues at 3-15 µg/kg concentration levels in animal muscle tissues. The 

samples were blended in mortar with EDTA-washed sand and packed in stainless 

steel extraction cell of ASE (ASE 200Dionex). On both sides of the extraction cell, 

microfiber filters were placed. Extraction was carried out with water, keeping total 

solvent-sample contact time 10 min at a temperature of 70 °C and 1500 bar nitrogen 
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pressure. Two transitions per compound were used for the confirmation of each 

analyte and the method was validated in porcine and bovine muscles according to the 

EU legislation for a confirmatory method (EU 657/2002). Recoveries were all in the 

range from 79-99 % in both species. The LODs and LOQs were well below the MRLs 

or validation levels thus qualifying the method for quantification and confirmation of 

the drug residues given in the scope of the method. The extraction of drug residues 

from eggs is considered to be challenging due to high lipid and protein contents. A 

group of Spanish researchers adopted similar PLE strategy for extraction of drug 

residues from eggs albeit with a different solvent system consisting of 

acetonitrile/succinic acid buffer at pH 6 [111]. The two step extraction procedure was 

also adopted by many other authors [119, 120] for muscle and milk samples. The 

subsequent clean-up of extracted samples usually helps to minimize the matrix effect 

that result in improved recoveries and RSD values. Taking the full advantage of LC-

MS/MS based multiclass multi-residue screening; two methods were developed for 

bovine kidney in the US Department of Agriculture (USDA) to serve as an alternate 

for 7-plate bioassay [113, 114]. Samples were extracted with water/acetonitrile and 

further cleaned up using MSPDE with hexane or hexane only.       

Sample clean-up using “liquid-liquid extraction with fast partitioning at very 

low temperatures” (LLE-FPVLT) was applied by Lopes et al.[97] for screening of 37 

drug residues in porcine muscle. Phase separation at low temperature was achieved by 

immersing the tube in liquid nitrogen for a short period of time. The CCβ values for 

most of the drugs were < 0.5 MRL with LOD values of 0.41-11.96 µg/kg. Typically 

samples were homogenized with some acetonitrile and the tubes were immersed in 

liquid nitrogen for 15s after centrifugation. The unfrozen acetonitrile layer was 

recovered, dried and reconstituted for LC-MS/MS analysis. Similar extraction 

methodology for the quantification of 27 drugs, belonging to 5 different classes in 

milk was used and the method was validated according to Brazilian Normative 

Instructions SDA/MPA 24/2009 [124].     

Robert et al.[123], introduced a UPLC-QqQ based screening method for a 

wide range of veterinary drug residues representing more than 10 classes and 

including ˃ 160 compounds. Only one MRM was selected for each compound and the 

samples were injected twice for positive and negative ionization modes. Validation 

was done according to EU guidelines for a qualitative method with CCβ values of < 
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MRLs or validation level for most of the drugs. The method also included several 

banned drugs like β-agonists with the validation level of ≤ 5µg/kg.  

As discussed previously, sample extraction prior to mass-spec analysis poses a 

serious challenge in multi-residue analysis. An excellent sample extraction 

methodology, originally used in the context of pesticide analysis, QuEChERS (Quick, 

Easy, Cheap, Effective, Rugged and Safe) has recently been widely used for 

multiclass multidrug residue analysis and deserves a special mention here [125]. The 

major benefit of this approach is that the samples can be prepared in a short time 

without requiring expensive chemicals. General protocol for conventional 

QuEChERS methodology consists of sample extraction using acetonitrile or modified 

organic phase followed usually by an excess amount of salts and/or buffers to 

facilitate the extraction of polar and non-polar substances and also to remove excess 

water from extraction medium [100]. The extraction process then follows the 

dispersive solid phase extraction step (usually primary secondary amines, PSA) to 

remove matrix interferences. Several modifications to this QuEChERS methodology 

have, however, been observed in literature according to the specific analytical 

requirements. One of the earlier methods using QuEChERS approach for multiclass 

residue analysis in milk by UPLC-QqQ was published in 2008 [100]. A total of 18 

drugs from 5 different drug classes were successfully detected at 1-4 µg/kg with good 

recoveries. After the addition of acidified acetonitrile and EDTA solution, the 

extraction was completed with the addition of anhydrous MgSO4 and sodium acetate. 

The extracts were diluted with acidified methanol without further clean-up and 

directly analyzed on UPLC-MS/MS. This author applied the same method for the 

positive identification of these antibiotics in two different types of baby foods [112]. 

In contrast, another method was developed for chicken muscles involving acidic, 

basic and neutral drugs [106]. To the acidified acetonitrile extract, anhydrous Na2SO4 

was added, and further clean-up was carried out with dispersive solid phase extraction 

using Bondesil NH2. Although the recoveries were low for some compounds, all of 

them were screened at and below the MRL/MRPL values.  

Honey, a natural food product generally designated as contaminant free may 

also contain low levels of drug residues. The infectious brood diseases like American 

and European foulbrood disease (AFB) can affect apiculture. Therefore, honeycombs 

are sprayed with different types of antibiotics and antiparasitics to curtail brood 
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diseases. While no MRLs have been established for honey in EU regulations, a few 

drugs including tylosin, oxytetracyclin and fumagillin have been approved for 

apiculture by FDA [102]. Hence honey should be considered as the matrix for which 

very low LODs have to be achieved for drug residues while developing a method. A 

screening method for the analysis of 42 drugs from various antibiotic classes 

including aminoglycosides was developed for honey and was validated at 20 µg/kg 

according to EU guidelines [101]. Aminoglycosides, which contain amino sugar side 

chains, are considered to be the most difficult group among antibiotics due to their 

low solubility in organic solvents. Their reverse behavior has always posed a big 

challenge and most of the multiclass multi-residue methods omit these drugs. An 

additional extraction step using aqueous buffers is always required to extract these 

drugs from the matrix. The aforementioned method employed four separate extraction 

steps to isolate different types of antibiotic drug residues from honey including a 

hydrolysis step to extract aminoglycosides as well as sugar-bound sulphonamides. An 

ion pairing agent nonaflouropentanoic acid (NFPA) was used in the mobile phase to 

retain the highly polar aminoglycosides. All the drugs were analyzed in ESI (+) mode 

including amphenicoles.  

Reverse phase columns usually C-18 are routinely used in most of the 

published methods. Recent advancement in reverse phase chemistries made it possible 

to resolve polar and less polar compounds with reasonably good results. However, for 

highly polar and hydrophilic compounds like aminoglycosides containing multiple 

amino and hydroxyl groups, reverse phase C-18 chemistry does not provide proper 

retention for these compounds. Ion pairing agents like TCA, HFBA and NFPA are the 

possible solution for this type of compounds; but due to their non-volatile nature, the 

ion pairing agents are not usually recommended for LC-MS/MS analysis [101, 121, 

126]. Consequently, the need of alternate chemistries with better retention of highly 

polar and hydrophilic compounds is required. Recently hydrophilic interaction 

chromatography (HILIC) has been evolved that conserve the characteristics of both 

reverse phase and normal phase chromatography but with high sensitivity [127]. 

Unlike normal phase chromatography, the mobile phase used in HILIC is more like a 

reverse phase, though. Thus the hurdle of poor solubility of polar compounds in 

mobile phase of the normal phase chromatography is not encountered in HILIC. 
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Therefore, the combination of HILIC and reverse phase can be used for two 

dimensional applications while analyzing the compounds of mixed chemistries [128].   

An automated on line clean up using turbulent flow chromatography (TFC) 

has also been adopted by many authors for high sample throughput in multiclass 

residue analysis. Very little sample pretreatment is required before the sample loading 

on the column thus reducing the analysis time. The workflow provides highly 

reproducible results due to the automation. Generally the column in TFC that has 

small internal diameter (1-2mm) is packed with large sized sorbents (30-60 µm) for 

sample extraction. The solvent is passed at high flow rates (4-6 ml/min) and back 

pressure is significantly reduced due to large particle size. A mass transformation 

takes place as the small sized analytes diffuse quickly into the pores of the sorbent, 

whereas the macromolecules like proteins and lipids flush into the waste before they 

had a chance to diffuse into the pores due to high flow rates of the mobile phase. The 

trapped analytes are desorbed and eluted by back-flushing; and are directed to the 

analytical column. During the data acquisition from first injection, the turbulent 

column is reconditioned for the next injection thus the process requires a minimum 

time for complete analysis from sample pretreatment step to data analysis [88]. An 

earlier method for fast screening of 8 drugs from 7 classes using TFC-LC-MS/MS 

involved pretreatment of a small amount of milk sample (100 µl) with 900 µl of 

diluents consisting of ammonium acetate, EDTA and 1:1 v/v water: acetonitrile [110]. 

A 50 µl sample supernatant was loaded by loading pump to the turbo column. After 

prior removal of the debris, the retained analytes were transferred to the analytical 

column. Chromatographic analysis was done on Betasil biphenyl hexyl column. The 

LODs for all the 8 analytes ranged from 0.1-5.2 µg/L with RSD values of < 20.      

For screening of 21 antibiotics from 3 drug classes, a procedure based on cell 

disruption with sand from cattle and poultry muscles was developed [117]. The 

recoveries were poor but CCβ values were well below the MRLs (typically ¼ of 

MRLs) to satisfy the criterion of a screening method consistent with EU legislation. 

The method has the benefit of being environment friendly as a little amount of organic 

solvent was used. 
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d) Methods Based on High Resolution Mass Spectrometers (TOF/Orbitrap)       

High resolution mass spectrometers (HR-MS) in combination with LC or UPLC have 

great potential for simultaneous analysis of a large number of compounds. TOF, Q-

TOF, and Orbitrap are typical HR-MS analyzers used in residue analysis experiments. 

Full scan data acquisition obviates the need of prior information of the analyte as 

confirmation is based on the exact mass identification with associated errors usually 

in the range of only 5-10 ppm. An added advantage of full scan spectrum is that the 

acquired data can be used to detect the entities that were of no interest during 

preliminary investigation (retrospective analysis) without reanalysis. Also, slight 

shifts in retention time do not create any problem as usually encountered in QqQ 

systems caused mainly by small retention time windows. According to EU legislation 

for confirmatory analysis, [36]  the number of identification points (IPs)  using HR-

MS is 2 and 2.5 for precursor and product ions, respectively. The use of HR-MS 

techniques especially TOF-MS that work at medium mass resolution ≥ 10,000 

FWHM for confirmatory analysis are, however, controversial. The controversy 

originated from the following ambiguities. In modern instruments the mass resolution 

is usually defined in terms of FWHM while in EU legislation the resolution is based 

on 10% valley definition between the two consecutive peaks. The 10% valley 

definition was devised keeping magnetic sector instruments in view that are no longer 

in routine use nowadays. The mass resolution of 10,000 calculated at 10% valley 

corresponds to 20,000 calculated at FWHM. Therefore, the criterion for modern TOF-

MS that normally works at ≈ 10,000 FWHM is not described in European 

Commission regulations [36]. Also, the mass accuracies have been unattended for 

HR-MS of the residue analysis [2]. If one considers a TOF-MS working at mass 

resolution of 10,000 FWHM as HR-MS is according to EU legislation, it is worth-

mentioning that any positive finding has to be confirmed by QqQ or IT mass 

spectrometers to obtain the required IPs for confirmatory analysis. Only those HR-MS 

instruments that can operate in MS/MS mode and mass resolution of ≥ 20,000 FWHM 

are able to obtain the said 2+2.5 IPs in compliance with EU legislation for 

confirmatory analysis. This is why the application of HR-MS operated in MS mode 

only is limited to screening/quantitative analysis, and is dependent on MS/MS 

technique for confirmatory analysis. High resolution mass spectrometer methods are 

summarized in Table 1.8c.  
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Table 1.8c Methods based on High resolution mass spectrometers (TOF/Orbitrap) 

No. Of Classes/Compounds Matrix MS-technique Sample extraction 

and clean-up 

Conditions for 

chromatography 

Recovery

& RSD 

(%) 

CCα, CCβ, 

LOD, LOQ 

(µg/kg)  

Method 

type 

S/C/Q 

Ref. 

Classes: 12, Amphenicols, Benzimidazoles,        

β-lactams, Ionophores , Macroloids 

Nitroimidazoles, NSAIDs, Pyrimidines, 

Quinolones, Sulphonamides, Tetracyclines, 

Tranquillizers                                  

Compounds:101 

Milk ESI(+), TOF (full 

scan, Mass 

resolution ≥ 

10,000 FWHM) 

Extraction with 

acetonitrile and 

shaking, 2ml 

supernatant diluted 10 

time with water, SPE 

with Strata X 

UPLC: Acquity Waters, 

Column: C-18, Mobile 

phase: 0.1% Formic acid 

(A), 0.1% formic acid in 

90% acetonitrile (B) 

80-120 

RSD < 20  

CCβ:1.2-

142 

S/Q [129] 

 

 

Classes: ˃ 10, Benzimidazoles, β-lactams, 

Macroloids, Nitroimidazoles, Quinolones 

Sulphonamides, Tetracyclines, Tranquilizers 

etc.Compounds: > 100 

Muscle, 

Kidney, 

liver 

ESI(+), TOF (full 

scan, Mass 

resolution 12,000 

FWHM) 

Bi-polarity extraction 

sample homogenize 

with acetonitrile, 

ammonia sulphate, 

and EDTA in 

Succinate  buffer pH 

6.5, SPE with HLB  

UPLC: Acquity Waters 

Column: HSS T3, Mobile 

phase: 0.3% Formic acid in 

5% acetonitrile (A), 0.3% 

formic acid (B) 

> 80    

RSD < 30  

CCα: < 5 

(86-94% 

drugs in all 

matrices)  

S/Q [130] 

Classes: ˃ 10, Avermectines, Benzimidazoles,    

β-agonists, β-lactams, Corticosteroids, 

Macroloids, Nitroimidazoles, Quinolones 

Sulphonamides, Tetracyclines etc.       

Compounds: 150 

Milk ESI(+), TOF (full 

scan, Mass 

resolution 7000 

FWHM) 

Extraction with 750µl 

of acetonitrile having 

0.1% formic acid  

UPLC: Acquity Waters, 

Column: C-18, Mobile 

Phase: 0.1% Formic acid 

(A), 0.1% formic acid in 

ACN (B) 

60-120 

RSD < 20 

LOD: 0.5-

25, CCα: 

0.1-222 

CCβ: 0.2-

245  

S [131] 

Classes: 13, Amphenicoles, Benzimidazoles,      

β-lactams, Corticosteroids, Ionophores, 

Macroloids, Nitroimidazoles, NSAIDs, 

Pyrimidine Quinolones, Sulphonamides, 

Tetracyclines, Tranquilizers                 

Compounds: 100 

Fish 

muscle, 

eggs 

ESI(+), TOF, (Full 

scan, Mass 

resolution ≥ 

10,000 FWHM) 

Extraction with 

acetonitrile/ water 

(6:4 V/V), SPE with 

Strata X 

UPLC: Acquity Waters 

Column: C-18, Mobile 

Phase: 0.1% Formic acid 

(A), 0.1% formic acid in 

acetonitrile (B) 

70-120 

RSD ≤ 20  

CCβ: 1.9- 

679 

S [132] 
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Classes: 7, Aminoglycosides, β-lactams, 

Cephalosporins, Macroloids, Quinolones 

Sulphonamides, Tetracyclines             

Compounds: 63 

Muscle ESI (+);  Orbitrap  

(Full scan, mass 

resolution 60,000 

FWHM)  

Extraction (I) 

acetonitrile/ water; 

Extraction (II) 5% 

TCA in 

acetonitrile/water;  

SPE with C-18  

UPLC: Accela Thermo, 

Column: RP Purosphere 

Mobile phase: 1mM 

HFBA in 0.5% formic acid 

(A) 0.5% formic acid  in 

MeOH/ACN, (50:50; v/v) 

(B) 

Not 

mentioned 

LOD: 1-308 S [133] 

Classes: 5, Antiparasitics, Dyes, Pesticides, 

Sulphonamides, Trimethoprim             

Compounds: 13 

 

Shrimp ESI (+),  TOF 

(Full scan, Mass 

resolution ˃ 

10,000 FWHM)  

Extraction using 

QuEChERS, MSPDE 

with PSA  

HPLC: Agilent 1200 

Column: C-18, Mobile 

phase: 0.1% Formic (A), 

acetonitrile (B) 

˃ 80% 

RSD < 15 

LOD: 0.06- 

7 

S/Q 

 

[134] 

Classes: ˃ 15, Amphenicoles, Avermectines, 

Benzimidazoles, β-agonists, β-lactams 

Corticosteroids, Ionophores, Macroloids, 

NSAIDs, Nitroimidazoles Quinolones 

Sulphonamides ,Tetracyclines, Hormones, 

Pesticides                                             

Compounds: ˃ 350 

Honey ESI (±); Orbitrap 

(Full scan and 

MS/MS mode 

25,000 and 10,000  

resolving power  

FWHM) 

Extraction with water/ 

1% formic acid in 

acetonitrile  

UPLC: 600 LC Thermo 

Column: C-18, Mobile 

phase: 0.1% formic acid 

and ammonium formate 

4mM in (A) water (B)  

MeOH  

70-120 

RSD ≤ 25  

LOD: ≤ 10  S/Q [135] 

Classes: ˃ 15, Amphenicoles, Avermectines, 

Benzimidazoles, β-agonists, β-lactams 

Corticosteroids, Hormones, Ionophores, 

Macroloids, NSAIDs, Nitroimidazoles, Pesticides, 

Quinolones, Sulphonamides, Tetracyclines 

Compounds: ˃ 350 

Meat 

(multiple 

species) 

ESI (±) Orbitrap 

(Full scan and 

MS/MS mode 

25,000 and 10,000  

resolving power  

FWHM) 

Extraction with 1% 

formic acid in 

acetonitrile/water 

UPLC: 600 LC Thermo 

Column: C-18, Mobile 

phase: 0.1% formic acid 

and ammonium formate 

4mM in (A) water (B)  

methanol 

70-120 

RSD ≤ 25  

LOD: ≤ 2  S/Q [136] 

Classes: 3, Amphenicoles, β-lactams, 

Tetracyclines                                        

Compounds: 5 

Milk ESI (±) IT-TOF 

(Full scan) 

Extraction using 

QuEChERS, MSPD 

with Q-Sep 250 kit  

HPLC: Shimadzu LC-

20AD Column: C-18 

Mobile phase: water (A), 

methanol (B) 

83-95RSD 

< 11 

LOD: 

0.0075-1.92 

LOQ: 

2.025-6.39  

S/Q [22] 

Classes > 10, Benzimedazole, β-lactams, 

Macroloids, Nitroimidazole, Quinolones 

Sulphonamides, Tetracyclines, Trimethoprim etc.  

Compounds: > 100 

Milk ESI (+); Orbitrap 

(70,000 resolving 

power  FWHM) 

Salting out supported 

liquid extraction 

(SOSLE) 

UPLC: Acquity Waters 

Column: HSS T3, Mobile 

phase: 0.3% formic acid in 

5% acetonitrile (A), 0.3% 

formic acid in 95% 

acetonitrile (B) 

60-90 

RSD < 20  

CCα: 0.8-

202.5, CCβ: 

0.9-207.7 

S [137] 
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Stolker et al.[129] reported an efficient UPLC-TOF-MS based screening and 

quantitative method for multiple classes of veterinary drugs covering more than 100 

compounds in milk samples. Mass resolution for the TOF was set at ≥ 10,000 at 

FWHM with dynamic range enhancement (DRE). Mass accuracies for more than 80 

% compounds were < 10 ppm (a value generally acceptable for 1-150 µg/L 

concentration levels). Higher values ≥ 10 ppm were obtained for late eluting 

compounds due to co-elution of most of the matrix compounds. Extraction mass 

window of 0.01 Da was sufficient to confirm all compounds except thiabendazole for 

which the window of 0.05 Da was used due to overload of detector causing peak 

splitting. Selection of suitable width in the extraction mass window is very important 

as selecting too small or large extraction widths can mislead to false negative or false 

positive results. Using very small extraction mass window can give false negative 

results as the average accurate masses assigned to a peak may lie outside the selected 

width. Similarly the large width of the selected mass window causes false positive 

results as two or more compounds with small difference in accurate masses can be 

detected (Figure 1-5). It is notable that the two parameters i.e. mass resolution and 

mass accuracies of the TOF are very important for reliable screening. The method was 

validated in accordance with EU guidelines for quantitative screening method at/or 

half of the MRLs or recommended concentration. However, some compounds were 

validated above their MRLs or recommended levels because of the less sensitivity of 

TOF-MS for those drugs and other compounds were validated at 1-5 µg/L for 

unlegislated drugs for milk. The values of CCβ ranged between 1.2-142 µg/L and 

those of LOQs were < 7 µg/L for ˃ 90% of the compounds at S/N ≥ 6. All the drugs 

were analyzed in ESI (+) as [M+H]+ including florfenicol and thiamphenicol. The 

group also reported the same method for screening of veterinary drug residues in 

animal muscles, different species of fishes and egg samples using UPLC-TOF-MS 

[132].  

  Kaufmann et al.[130] published a UPLC-TOF-MS based screening method for 

muscle, kidney and liver samples. The study included more than 100 compounds from 

at least 10 different classes, including routinely used antibiotics. However, NSAIDs 

and amphenicols were not included in this report. All the drugs were analyzed in ESI 

(+) mode on HSS T3 column of sub 2 µm particle size. The TOF-MS was operated at 

mass resolution of 12,000 FWHM using W mode and with DRE on. Bipolarity 

extraction methodology was used where excess amount of ammonium sulphate was 
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used for phase separation between low polarity organic phase and high polarity 

buffer. Recoveries were 80-120% for more than 60 % compounds. Recoveries were 

low in kidney and liver samples than muscles for some penicillin’s and 

cephalosporins presumably due to high enzymatic activity in these organs.  

 

Figure 1-5 An example of UPLC-ToF-MS chromatogram for a milk sample 

fortified with 2 μg/l oxolinic acid and 50 μg/l flumequine; effect of 

different extraction mass windows, Stolker et al.[129] 

 

An extremely high throughput screening method covering 150 veterinary 

drugs in milk matrix using UPLC-TOF-MS was reported by another group from 

Switzerland [131]. In addition to general classes of veterinary drugs they also 

included banned drugs like β-agonists considering the possibility of their illegal use. 

An environment friendly approach was employed for sample preparation using 

limited amount of organic solvents. The method was validated for quantitative 

screening with LOD values of 0.5-25 µg/kg. The LOD values of β-agonists and 

unauthorized substances for lactating animals were well below 1µg/kg. 

Another HR-MS method based on LC-Orbitrap-MS for 63 antibiotics from 7 

drug classes was developed for muscle tissues [133]. The analytes were identified in 

full scan mode at a mass resolution of 60,000 FWHM with extraction mass window of 
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≤ 5ppm. Additionally the confirmation analysis was accomplished using the ability of 

MS instrument to execute fragmentation experiment through CID or HCD and 

measuring the fragment ions in low or high resolution.  

The most comprehensive work using UPLC-Orbitrap was performed by a 

Spanish group for more than 350 compounds from various classes of pesticides and 

veterinary drugs [135, 136]. This large number of compounds allowed developing a 

database which helped in the automated search identification of the analytes in the 

same injection. Working on large number of compounds having low concentrations to 

provide accuracies is a matter of great difficulty and labor. However for qualitative 

analysis the database provides useful fingerprints for the presence or absence of any 

of the analyte which can be further investigated. In near future perspective, these 

types of methods are benchmarks for multiclass multidrug residue analysis to sum up 

various analytical methods into a single one to save time and cost simultaneously.          

Using the QuEChERS approach, a confirmatory method for shrimp was 

developed employing the in-source fragmentation of mass-spec instrument [134]. 

Recoveries were poor for some compounds but still low LOD values for all the 

compounds enabled the positive identification and confirmation of many banned 

substances.  Freitas et al.[22] also reported a QuEChERS based method for the 

analysis of relatively few antibiotics from three classes in milk.  The milk samples 

were analyzed on LC-IT-TOP-MS using C-18 column.  IT-TOP-MS is capable of 

performing MSn experiments but the authors analyzed each compound in full scan 

mode by measuring the accurate mass of precursor ions. The analytes were monitored 

in both negative and positive modes. For the sample extraction and clean-up, Q-Sep 

110 and Q-Sep 250 kits from Restek were used. Q-Sep 110 kit contains 1 g NaCl, 4 g 

MgSO4, 0.5 g disodium hydrogen citrate sesquihydrate and 1 g trisodium citrate 

dihydrate in a 50 ml centrifuge tube. Q-Sep 250 is basically MSPDE kit that contains 

PSA and MgSO4. Milk samples were introduced to Q-Sep 110 kits to which 10 ml 

acetonitrile had already been added and after centrifugation 1 ml supernatant was 

added to Q-250 kit for further clean-up. The recoveries were in the range of 83-95 % 

with RSD value of < 11.  

More recently a quantitative screening method using salting out supported 

liquid extraction (SOSLE) has been successfully applied to detect more than 100 

multidrug residues in milk [137]. SOSLE, a variant of conventional supported 
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liquid/liquid extraction (SLE), facilitates the extraction of more polar antibiotics that 

are not easily extractable with conventional SLE and QuEChERS approach. For 

extraction, milk samples were mixed with oxalic acid and EDTA solution in water 

(pH 3) and acetonitrile. Ammonium sulphate was then used for phase separation 

while stirring followed by loading the aqueous phase to SLE column. The supernatant 

acetonitrile phase was dispensed. Successive washings of the SLE cartridge were 

done to recover the analytes. DMSO was used as a keeper in the collecting flask. 

Analysis was done on UPLC-Orbitrap-MS using HSS T3 chromatographic column in 

ESI (+) mode. The Orbitrap’s mass resolution was set at 70,000 FWHM using m/z of 

200 and the extraction mass window at 10 ppm to determine the accurate masses. The 

method validation was conducted according to EU guidelines set for quantitative 

methods. For banned substances, a low validation level of 0.2-20 µg/kg was selected. 

The CCα and CCβ values were found to be in the range of 0.8-202.5 and 0.9-207.7 

µg/kg, respectively. Except for some culprit compounds like penicillins and 

macroloids, the recoveries were good ranging from 60 to 90%. 
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1.5 Aims and Objective of the Thesis 

This research work has been carried out at Analytical Facility Lab, National Institute 

for Biotechnology and Genetic Engineering (NIBGE), Faisalabad, Pakistan and 

Chemical Surveillance Division (CSD), Agri Food and Biosciences Institute (AFBI), 

Northern Ireland, Belfast, UK. Analytical Facility Lab at NIBGE, Faisalabad is 

equipped with state of the art analytical instruments like GC-MS and LC-MS. The lab 

is involved in providing analytical services to industry and in addition facilitates the 

researchers and postgraduate students to carry out their research work in a well 

organized manner.  AFBI is National Reference Laboratory (NRL) in EU for 

Veterinary Drug Residues and provides advice to Department of Agriculture and 

other national laboratories involved in National Residue Control Plan. The research 

work presented in this thesis was carried out on LC-MS based method development 

for the analysis of different classes of antibiotics routinely used in veterinary practice. 

Large numbers of antibiotics are used these days for the treatment of infectious 

diseases in animals. Lack of analytical strategies in developing countries allows the 

residues of these drugs to directly pass to food products unchecked. The main focus of 

the current thesis work was the development of sensitive and accurate methodologies 

for the analysis of antibiotic drug residues in broiler tissues and bovine milk. LC-

MS/MS or UPLC-MS/MS technique is used throughout for the determination of drug 

residues with special emphasis on high sample throughput analysis. Therefore the 

analysis of food products can be made quickly to make early decision regarding 

isolation and disposal of these products. The main objectives of the current research 

work are described in four separate chapters. 

 Method development for the analysis of florfenicol and its application to 

check relative distribution of bound and un-bound drug residues in various 

tissues of broiler chicken. 

 LC-MS/MS based confirmatory method for the combined analysis of 

chloramphenicol, thiamphenicol, florfenicol and florfenicol amine in broiler 

chicken muscle with its application for surveillance study in three cities of 

Punjab-Pakistan. 

 Development of an LC-MS/MS based multi-class method for the analysis of 

antibiotic drug residues in chicken meat. 
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 UPLC-MS/MS based analysis of bovine milk samples to study the prevalence 

of penicillins and cephalosporins antibiotics in different cities of Punjab, 

Pakistan 

 EU legislations to evaluate the method performance characteristics are followed 

throughout for method development.  

 



 

 

 

2 Method Development for the Analysis of 

Florfenicol in Poultry Meat and its 

Applications  

2.1 Introduction 

The amphenicol family comprises of chloramphenicol (CAP), thiamphenicol (TAP) 

and florfenicol (FF); all are synthetic broad-spectrum antibiotics used against many 

species of bacteria [138].  Chloramphenicol, the first broad spectrum antibiotic, has 

been used as most effective drug against various bacterial strains including many 

anaerobic organisms [139, 140].  It was also the first antibiotic drug that was 

chemically synthesized using organic chemistry [140]. It binds with 50S ribosomal 

subunit thus inhibiting protein synthesis in pathogens [139]. However, the adverse 

side effect in humans associated with nitro group of chloramphenicol i.e. aplastic 

anemia invited the researchers and scientists for a comparable drug with no toxic 

effects [141, 142]. Furthermore, many countries like China, United States and 

European Union has prohibited the use chloramphenicol in food producing animals 

[142, 143]. 

Thiamphenicol and florfenicol, both without nitro group at para position are 

now used in place of chloramphenicol as broad spectrum antibiotics in veterinary  

[141, 144]. The nitro group in both the drugs has been replaced by sulphomethyl 

group; therefore the problem of aplastic anemia is not encountered [141]. Both are 

synthetic and very effective antibiotics used in routine veterinary practice. The 

antibiotic mechanism of both drugs is similar to chloramphenicol.  However, the 

development of  antibiotic resistance strains against thiamphenicol due to the presence 

of acetyltransferase in resistant strains of bacteria, made this drug of least interest 

[141, 145].  

Florfenicol was developed after structural modifications at C-3 position in 

thiamphenicol; where –OH group was replaced by –F atom to prevent acetylation by 

acetyltransferase [146]. Since after its introduction as drug product into market, it has 

been used against many bacterial infections and even for many bacterial strains, 
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which are resistant against chloramphenicol and thiamphenicol e.g. Escherichia coli, 

Klebsiella pneumonia, Proteus vulgaris, Salmonella typhimurium and Staphylococcus 

aureus [145, 147, 148]. Owing to the possible toxicological effects associated with 

chloramphenicol, maximum residue limits have been established for florfenicol in 

different legislations [149]. In European Union (EU), the maximum residue limits 

(MRLs) for florfenicol residues in various tissues of the chicken as given in 

Commission Regulation EU/37/2010 [150] are listed in Table 2.1. 

Table 2.1   Maximum residue limits for FF in chicken given in 2010/37/EU 

 

Various qualitative and quantitative analytical methods have been developed 

for the analysis of FF and its major metabolite florfenicol amine (FFA) either alone or 

total amphenicols in a variety of food items such as, ELIZA in chicken and multiple 

muscles [151, 152], HPLC in fish, chicken muscles and eggs [60, 153-158], GC-MS 

in fish, poultry and porcine muscle [159, 160] and LC-MS in chicken, milk, bovine 

and swine muscle [138, 144, 149, 161-163]. Most of the published methods for the 

analysis florfenicol involve solvent extraction either with acetone [154] or ethyl 

acetate [138, 144, 155, 160, 161] followed by solid phase extraction either with Oasis 

MCX [138], C-18 [144, 155], Oasis HLB [160] or dispersive solid phase extraction 

[161]. The extraction with organic solvent could only extract the free drug present in 

the tissues. However the metabolic studies of florfenicol in poultry, cattle and swine 

have explained that non-extractable residues of florfenicol (covalently bound with 

proteins) are present in higher concentrations as compared to the extractable 

florfenicol [164-166]. These non-extractable metabolites could only be extracted with 

organic solvent like ethyl acetate after acid hydrolysis. The major metabolite of 

florfenicol in edible tissues of chicken and many other species is florfenicol amine 

along with other minor metabolites i.e. florfenicol oxamic acid, florfenicol alcohol 

and monochloroflorfenicol (Figure 2-1) [164, 166]. Therefore FFA is considered as 

the marker residue of FF by many international legislations [150, 167]. The acid 

Pharmacologically 

active substance 

Marker 

residue 

MRLs Target 

tissues 

Other provisions 

Florfenicol Sum of FF and 

its metabolites 

measured as 

FFA 

100 µg/kg 

200 µg/kg 

2500 µg/kg 

750 µg/kg 

Muscle 

Skin + fat 

Liver 

Kidney 

Not for use in animals 

from which eggs are 

produced for human 

consumption 
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hydrolysis converts all the metabolites and parent compound into florfenicol amine, 

thus the determination of FFA in hydrolyzed extracts is more accurate measurement 

of total florfenicol-residues as compared to the solvent extracts alone [156, 165].  

 

Figure 2-1 Metabolites of florfenicol, Anadon et al.[168]. 

The official method of USDA for the determination of total florfenicol in 

bovine, poultry and catfish muscle by HPLC also required the acid hydrolysis [169]. 

A few methods have been reported in literature for the analysis of florfenicol that 

involve the acid hydrolysis. An HPLC-UV method for the analysis of florfenicol in 

channel catfish muscle was published in 2003 [156]. The method involves the acid 

hydrolysis followed by pH adjustment to 12.5 and solid phase clean up with Varian 

Chem Elut CE-1020 sorbent columns. The drug was eluted with ethyl acetate from 

solid phase column and for the chromatographic separation of drug on HPLC, reverse 

phase column was used. An LC-MS based method for the analysis of florfenicol in 

swine muscle was published by Kong et al.[149] which includes 24 hour acid 

hydrolysis followed ethyl acetate extraction at pH 11. The later MSPDE clean up was 

done with primary-secondary amine and hydrophilic interaction column was used for 

the LC-MS analysis. However in both the published methods and USDA official 

method, FFA standard was used as a spiking solution for the method development and 

validation studies. Therefore the action of the acid does not involve the hydrolysis of 

the florfenicol to FFA rather it is only consumed in the digestion of edible tissues. The 

residues of florfenicol includes parent drug, FFA and other metabolites present in 

different concentrations in muscles, liver and kidneys [164, 166]. Therefore, the 
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addition of standard solution of pure florfenicol drug for method development and 

routine analysis is comparatively a better option as the drug is also hydrolyzed during 

the process and any loses that occur during this chemical conversion are also 

accounted for. A recent method by Faulkner et al.[165] has used the pure FF drug for 

the method development and estimation of non-extractable residues in porcine.             

The bioavailability, pharmacokinetic and tissue depletion studies of florfenicol 

and florfenicol amine in different species has been reported by many authors [167, 

168, 170-174]. But the methods based on acid hydrolysis to extract the non-

extractable residues are scarce. The methods reported by Kong et al.[149] and 

Faulkner et al.[165] are perhaps the only reference methods that have used the acid 

hydrolysis for the analysis of FF as FFA for tissue depletion studies or the estimation 

of non-extractable residues in swine and porcine. However, there is no method found 

in literature based on acid hydrolysis of FF to FFA for the quantification, depletion 

studies and relative distribution of FF in various tissues of broiler chicken. 

Poultry sector played a leading role in the development of livestock industry 

world-wide and the impact is most evident in developing countries as compared to 

developed countries [175]. The poultry production is increasing at the rate of 4% per 

annum all over the world. The remarkable increase in poultry industry is driven by 

many factors like low cholesterol meat, increase in income, and increase in price of 

red and substituent meat etc. [175, 176]. Poultry industry like other live stock industry 

encountered many problems like infectious diseases and outbreaks of diseases. The 

uncontrolled and non-regularized practice of veterinary drugs results in extensive 

misuse of antibiotics and other drugs in less developed countries like Pakistan. 

Exposure to these higher levels of antibiotics consequently results in extra health 

burden due to the emergence of resistant bacteria in developing countries [177]. 

Additionally the lack of analytical facilities to screen, confirm and quantify the drug 

residues is a major issue that affects the export of veterinary products in international 

market [178].  

The aim of present work was to develop a reliable confirmatory method based 

on LC-MS/MS for the analysis of FF as FFA after acid hydrolysis to extract total 

florfenicol residues present either as bound or un-bound with tissues of broiler 

chicken muscles. The developed method was also applied for the comparative 

estimation of non-extractable residues versus extractable residues and relative 
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distribution of FF in liver, kidney and muscle tissues of broiler chicken after 5 days of 

oral dose.  

2.2 Materials and Methods   

2.2.1 Analytical Standards  

Florfenicol FF (Sigma Aldrich, MS, USA) and Florfenicol amine FFA (Witega, 

Berlin, Germany) analytical standards were a kind gift from Prof Glenn Kneedy, 

Chemical surveillance Branch (CSB), Veterinary Science Division (VSD), Agri-Food 

and Biosciences Institute (AFBI), Belfast, Northern Ireland, UK.   

2.2.2 Chemical Reagents  

All the chemical reagents used were at least analytical or HPLC/LC-MS grade. 

Ultrapure water of 18MΏ.cm was used throughout for analysis (Smart 2 Pure water 

purification system, Thermo Scientific, MA, USA). The reagents used for the work 

were, hydrochloric acid (HCl) from Reanal, di-potassium hydrogen phosphate 

(K2HPO4) and mono-ptassium di-hydrogen phosphate (KH2PO4) from Sigma Aldrich, 

Sodium Hydroxide (NaOH) from Merck, ammonium hydroxide (NH4OH) 35% from 

Fisher Scientific, ethyl acetate, n-Hexane, methanol and acetonitrile from VWR BDH 

Polarbo and formic acid from Merck. Sepra C 18-E (50 µm, 65A, end capped) sorbent 

for dispersive solid phase extraction (dSPE) was obtained from Phenomenex 

(Phenomenex, MA, USA). 

2.2.3 Preparation of Standard Solutions 

Primary Standards (1 mg/ml) 

Primary standards (1 mg/ml) of FF and FFA were prepared by weighing 10 mg of 

each analyte standard powder in 10 ml volumetric flasks. About 5 ml methanol was 

added to each of them to dissolve the analyte by shaking. The volume of the solution 

was subsequently made up to the mark with methanol and the final solution was 

transferred to 20 ml screw-capped amber vials for storage at -20 °C (up to 1/2 year). 

The stated purity of each of the standards as mentioned on standard certificate of 

analysis was taken into consideration for mass correction.  

Secondary Standards (Working Standards)  

A secondary standard of FF (14.45 µg/ml) was prepared by taking 144.5 µl aliquot of 

1 mg/ml primary standard into 10 ml volumetric flask and diluted to the mark with 



Chapter 2: Method Development for the Analysis of Florfenicol 

 

50 

 

methanol [165]. For the secondary standard of FFA (10 µg/ml) 100 µl aliquot of 

1mg/ml primary standard was added into 10 ml volumetric flask and the volume was 

made up with methanol. The secondary standards were transferred to 20 ml amber 

vials and stored at -20 °C up to 3 months. 

2.2.4 Preparation of Reagents for Sample Preparation 

6 N Hydrochloric acid       

50 ml of hydrochloric acid (1.18 sp.gr) 50 ml was transferred to a 100 ml measuring 

cylinder and the volume was made up with water. The solution was stored at room 

temperature for three months. 

1 M Di-potassium Hydrogen Phosphate (K2HPO4) 

1 M solution was prepared by adding 17.42 g of K2HPO4 slowly to (≈60 ml) water in 

measuring glass cylinder with continuous stirring and finally adjusted to 100 ml. This 

solution was prepared only when needed, stored in Schott bottle and used within 24 

hours. 

50 % Sodium hydroxide (NaOH) Solution (12.5 M) 

Sodium hydroxide (NaOH) pellets (50 g) were added to 50 ml water in a 100 ml 

measuring glass cylinder with continuous stirring. Since the reaction is exothermic the 

cylinder was placed in ice water bath. The solution was transferred to Schott bottle 

and stored for ≤ 6 months. 

Ammonical Methanol Solution for Dilution  

 25 ml of was taken in a 100 ml measuring glass cylinder and the volume was made 

up with water. 10 ml of 25 % methanol was then transferred to a 10 ml measuring 

flask and 50 µl of 35 % ammonium hydroxide (NH4OH) were added. This solution 

was prepared fresh for every run.     

2.2.5 LC-MS/MS Instrumentation and Conditions   

Liquid Chromatography 

Liquid chromatography was performed on Thermo Finnegan Surveyor Plus LC 

system (Thermo Fisher Scientific, MA, USA) equipped with vacuum degasser, auto-

sampler, quaternary pump, column oven, condenser and photodiode array (PDA) 

detector. The HPLC column used was 100 x 2.1 mm, 2.5 µm Waters XBridge BEH 
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C-18 XP with inline filter (0.5 µm porosity). The column oven temperature was 

maintained at 40 °C. Injection volume was 5 µl and analysis was carried out using 

isocratic elution at a flow rate of 0.3 ml/min. The mobile phase used was (A) 

acetonitrile (B) water 20: 80 and total run time for analysis was 6 minute. 

Mass Spectrometer 

The LTQ XL linear ion trap (Thermo Fisher Scientific, USA) was connected to HPLC 

system via heated electrospray ionization (H-ESI) interface. The analysis of FFA was 

performed in positive ionization mode. The temperature of H-ESI was maintained at 

250 °C with source voltage of 3 kV and tube lens 70 V. Nitrogen was used both as 

sheath and auxiliary gas with flow rates of 35 and 10 (arbitrary units), respectively. 

For quantitative and confirmatory purpose all the analysis was done in selected 

reaction monitoring (SRM) mode and total three scan events were selected, one event 

per one MSn experiment. Optimized collision induced dissociation (CID) values were 

selected using a T-connector between HPLC and MS interface in such a way that 10 

µg/ml standard solution of florfenicol amine  (FFA) at a flow rate of 20 µl/min was 

mixed with mobile phase before entering the MS (Table 2.2). All the data were 

acquired using Xcaliber software version 2.0.7 (Thermo Fisher Scientific USA). 

Table 2.2   Scan event selected and optimized collision induced 

dissociation (CID) valued for MS/MS 

Scan event Daughter ion (m/z) Collision induced dissociation 

(CID) 

1 

2 

3 

248 > 230 

230 > 210 

230 > 130 

25 

35 

35 

2.2.6 Negative Samples 

Negative samples for method development and validation experiments were obtained 

from a local poultry farm, where chickens were grown under controlled conditions. 

Muscle tissues were ground into small pieces of about 3-4 mm by hand chopping and 

then subsequently minced using laboratory blender in order to obtain homogeneous 

samples. These minced samples were stored in plastic sampling bottles at -20 °C until 

further analysis. 
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Sample Preparation 

Sample digestion and extraction procedure was adopted from Faulkner et al.[165] and 

Kong et al.[149] with modifications in hydrolysis and clean-up steps. Samples were 

removed from freezer and completely thawed before processing. Aliquots of 2 g (± 

0.1) were weighed in 50 ml screw capped glass centrifuge tubes. Negative tissues 

were fortified with working standard solution of FF (14.45 µg/ml) for preparation of 

matrix matched standards and recoveries. The samples were allowed to equilibrate for 

30 minutes and then 4 ml HCl (6 N) was added to each tube, tightly capped and 

vortex mixed for at least 1 minute. All the tubes were then placed in water bath at 95-

100 °C for 4 hours. At regular intervals, the samples were inverted and mixed to 

ensure complete hydrolysis for at least initial two hours.  The color change to cherry 

black, absence of tissue fibers and liquid solution like appearance indicated the 

completion of hydrolysis. After completion of the hydrolysis, the tubes were removed 

from water bath and cooled for 30 minutes at room temperature.  The pH of the 

solution was then adjusted to 10.5 (± 0.1) first by adding 5 ml of 1 M K2HPO4 

followed by 2 ml of 50 % NaOH. Final adjustment of pH (if required) was carried out 

by adding 50 % NaOH drop by drop with Pasteur pipette. To each pH adjusted 

sample, 5 ml ethyl acetate was added, inverted, mixed for 5 to 6 times and centrifuged 

for 15 min at 2000 rpm. The supernatant was then removed with Pasteur pipette and 

transferred to disposable glass centrifuge tubes (16 x 100 mm). The extraction process 

was repeated twice and the combined extract was evaporated to dryness under 

nitrogen at 50 °C. The dried extracts were reconstituted in 1 ml methanol, vortex 

mixed and placed in ultrasonic bath for 1 minute. Finally 1 ml of water was added to 

each reconstituted extract making the final methanol concentration as 50 % followed 

by vortex mixing for 1 minute.  

For sample clean-up, the extracts were first defatted with 3 ml n-hexane, 

centrifuged at 2000 rpm and the n-hexane layer was subsequently aspirated. Next, the 

samples were subjected to dispersive solid phase extraction (dSPE); 1 ml of the 

extract was poured in a 1.5 ml eppendorf tubes having 250 mg of Sepra C18-E 

dispersive material. This mixture was vortexed for 1 min and centrifuged at 13000 

rpm for 15 minutes.  The supernatant was diluted 3 times with ammonia/methanol 

solution (200µl:600µl) in LC vials before submission to LC-MS analysis while the 

remaining sample was stored at -20 °C. 
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2.2.7 Validation Procedure 

The method was validated for chicken muscles according to European Commission 

guidelines given in Commission Decision 2002/657/EC [179].  The decision requires 

that the validation should be performed at 0.5, 1 and 1.5 times the MRL. According to 

Commission Regulation 2010/37/EU [150], the MRL selected is 100 µg/kg for 

chicken muscle and it should be measured as the sum of florfenicol and its marker 

residue i.e. florfenicol amine. In present study all the florfenicol residues and their 

metabolites were hydrolyzed to florfenicol amine therefore all the validation was done 

analyzing this marker residue. Negative muscle tissues were used to perform complete 

validation. On each validation day, seven replicates at each validation level (50, 100, 

150 µg/kg equivalent concentration of FFA) were spiked with FF working standard. 

Six method-matched calibration standards were also spiked in the range from 25-600 

µg/kg equivalent concentrations of FFA .Two negative (un-spiked) samples were also 

run with each validation batch. All the samples were hydrolyzed extracted and 

analyzed using above described method for whole muscle tissues. Following 

parameters were determined: Selectivity, ion ratios, precision, accuracy, linearity, 

CCα, CCβ, and standard stability in matrix. Additionally, the limit of detection (LOD) 

and limit of quantification (LOQ) were also determined.  

Selectivity and Specificity (Ion Ratios) 

The selectivity of the method was estimated by analyzing both blank and negative 

samples (n ≥ 20) parallel to the FFA spiked samples. The specificity was assessed 

from ion ratios which were calculated from qualifier / quantifier ions of all the 

samples.  

Linearity of Matrix Matched Calibration Curve and Matrix Effect 

The linearity of the chromatographic response was calculated using matrix matched 

calibration curves by spiking appropriate amount of FF working standard in negative 

control tissue samples before the start of digestion. In contrary to Kong et al.[165] 

pure FF drug was used as the spiking standard instead of florfenicol amine in all of 

the matrix standards and recoveries for validation studies. Six calibration standards 

for FFA equivalent concentration were used at 25, 50, 100, 150, 300, and 600 µg/kg. 

The spiking amounts equivalent concentration of FFA is given in Table 2.3. The 

calibration curves were constructed using absolute peak area of the qualifier ion 
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against the concentration of the spiked standards and coefficient of determination (R2) 

was used to assess the suitability of linearity. 

Table 2.3 Matrix matched calibration standards of FF and FFA 

equivalence. 

Volume of secondary FF 

standard (14.45µg/ml)  used 

(µl) 

Standard equivalent 

concentration of FFA (µg/kg) 

(Conc. of FF/1.445) 

Standard equivalent 

concentration of FF 

(µg/kg) 

5 25 36.12 

10 50 72.25 

20 100 144.5 

30 150 216.75 

60 300 433.5 

120 600 867 
 

Matrix effects were investigated before method validation at 0.5, 1 and 1.5 x 

MRL. For the estimation of matrix effects, two types of matrix matched standards i.e. 

pre-spiked negative tissue samples with FF working standard and post-spiked 

negative tissue extracts with FFA were used. Both the matrix matched standards were 

compared with solvent standard of FFA for the estimation of suppression or 

enhancement of signals. The results were calculated using Matuszewski et al.‘s 

method [180]. 

Precision and Accuracy 

Precision and accuracy was calculated by analyzing spiked negative samples at 50, 

100 and 150 µg/kg (0.5, 1 and 1.5 x MRL) for equivalent concentrations of FFA. The 

spiked samples were then processed according to the optimized procedure. Matrix 

matched calibration curve was used for the quantification of the spiked sample and 

was prepared daily with each batch. The final data thus obtained was used to calculate 

accuracy as percentage recovery during the same day and between three days at three 

validation levels. The same data was used to determine precision as intra-day and 

inter-day repeatability, expressed as relative standard deviation (% RSD). 

LOD, LOQ, CCα and CCβ  

The limits of detection (LOD) and limit of quantification (LOQ) were determined 

from signal to noise ratio of the lowest level of matrix matched calibration standards. 

A signal to noise ratio of 3:1 and 10:1 was used for LOD and LOQ respectively. The 

decision limit (CCα) and detection capability (CCβ) was calculated using calibration 

curve procedure according to ISO/11843-1 [181] on Microsoft® Excel spread sheet 
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developed at Prof Glenn Kneedy’s lab, AFBI, VSD Belfast, UK . The data obtained 

from reproducibility studies at three validation levels was used to plot a calibration 

graph of the expected values against the obtained values. The graph thus represented 

21 points per level totaling 63 points. From that graph the CCα and CCβ values were 

automatically calculated by the spread sheet.  

Stability of the FFA in Chicken Muscle Extracts 

The stability of the FFA was estimated in chicken muscle extracts at 0.5 and 1 x 

MRL. The extracts with and without dilution were stored at -20 °C for 2 months. The 

stored extracts were compared at four time intervals with freshly prepared extracts. At 

each time interval, 2 samples of both types of extracts were run on LC-MS in 

duplicate, thus making a total of 8 runs at each time interval. Before the analysis, the 

undiluted stored extracts were also diluted as described in the sample extraction 

section. In this way all the samples run on LC-MS had the same dilution and the 

results were expressed as mean percent FFA recovered from two stored samples with 

reference to its concentration determined at 0 month.    

2.2.8 Relative Distribution and Comparison of Solvent-extractable 

Verses Solvent Non-extractable FF Residues in Liver, Kidney 

and Muscles of Broiler Chicken 

Broiler Chicken 

The developed method was used to estimate relative distribution of FF in various 

body organs as well as comparison of free (solvent-extractable) and tissue bound 

(solvent non-extractable) drug residues in the liver, kidney and muscles of broiler 

chicken after 5 day oral dosing at 30 mg/kg body mass. In this experimental design, 

thirty four days old healthy birds (n = 32) were purchased from local poultry farm and 

kept in cages. These birds were not given any antibiotic during their growth at farm. 

The average weight of each bird was 1.50 ± 0.15 kg. The birds were fed antibiotic-

free diet and had free and easy access to fresh drinking water. Four birds were used as 

control group (group I) while 28 birds were used for experimentation (group II). They 

were kept in separate cages for 5 days before start of the dosing.  

Florfenicol Dosing 

Florfenicol (purity ˃ 95%, Selmore, Faisalabad, Pakistan) was dissolved in 

polyethylene glycol-300 at a concentration of 60 mg/ml for oral administration. Each 
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of the group II bird was given 750 µl of drug solution using 1 ml micro-syringe for 

five consecutive days.  

Incurred Sample Collection 

Sampling of liver, kidney and muscles was done for 20 days in the following way:  

for the first 8 days, two birds were slaughtered every 24 hours while for the next 12 

days; the samples were taken after every 48 hours. In this way 14 samples in duplicate 

were taken for each tissue; making a total of 84 samples. Negative group (Group I) 

birds were slaughtered on the last day. All the samples incurred were stored at -20 °C. 

Sample Mincing 

Samples of liver and muscle tissues were ground into small pieces of about 3-4 mm 

diameter by hand chopping and then minced with high speed laboratory blender to get 

homogenous samples. Kidney samples being very small in size were homogenized 

with mortar and pestle. Kidney samples from Group I birds were mixed together so as 

to get at least 8 negative kidney tissues (2 g each) for matrix standards and negative 

controls during the sample analysis.  

Sample Processing 

Samples of each tissue were processed separately on different days. Minced tissue 

samples 2 ± 0.1 g were weighed in 50 ml screw-caped glass centrifuge tubes and 

centrifuged for 1 minute to collect all the tissue mass at bottom. Matrix matched 

standards of the corresponding tissues, 2 recoveries and negative controls, were made 

from negative tissues of group I birds. 

Extraction of Solvent-extractable Residues (Un-bound) 

The un-bound (solvent-extractable) FF residues were extracted by adding 12 ml of 

acetonitrile and 2 ml of water to the minced tissue samples [165]. Each sample mix 

was then vortexed for 1 min, homogenized for 2 minutes and centrifuged for 20 

minutes at 2000 rpm. The supernatant was transferred to another 50 ml glass 

centrifuge tubes labeled appropriately. At this point all the samples had been divided 

in two parts: one as acetonitrile / water extract and the second as retained solid mass 

(pellet) in the hydrolysis tube. At the stage, matrix standards and recoveries were not 

spiked with FF standard. 
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Matrix Matched Standards for Incurred Tissue Analysis  

The acetonitrile/ water extracts were then dried under nitrogen to near dryness at 50 

°C. At this stage, the matrix standard samples (dried extracts and tissue pellets) were 

spiked with appropriate amounts of FF secondary standard solution (14.45 µg/ml, 

equivalent to 10 µg/ml FFA). It was necessary to prepare both types of matrix 

standards for quantification and comparison of solvent-extractable versus solvent non-

extractable (tissue bound) FF as matrix effect was much higher in tissue pellets as 

compared to simple acetonitrile/ water extracts. Table 2.4 represents the spiking levels 

for matrix standards and amounts of FF secondary standard required for spiking in all 

three matrices. 

Table 2.4 Volume of FF secondary standard required for matrix matched 

standards of muscle, kidney and liver. 

Volume of 

secondary FF 

standard (14.45 

µg/ml, µl) 

 Equivalent 

concentration of 

FFA (µg/kg) ( 

conc. of FF/ 1.445) 

Matrix 

standard 

Muscle 

equivalent to 

FFA (µg/kg) 

Matrix standard 

Liver 

equivalent to FFA 

(µg/kg) 

Matrix 

standard 

Kidney 

equivalent to 

FFA (µg/kg) 

5 25 25 25 25 

10 50 50 50 50 

20 100 100 100 100 

30 150 150 150 150 

60 300 300 300 300 

120 600 600 600 600 

240 1200 - 1200 1200 

480 2400 - 2400 2400 
 

Sample Hydrolysis       

All the dried free drug extracts (solvent-extractable), tissue pellets and matrix 

standards were hydrolyzed and extracted with the optimized method (as stated above). 

Thus the florfenicol residues both extracted with acetonitrile: water as free drug 

(solvent extractable) as well as bound residues (solvent non-extractable) were 

converted into florfenicol amine for further analysis.    

Percentage Calculation of Extractable Versus Non-extractable Residues   

Solvent extractable (free residues) and non-extractable (tissue bound residues) FF 

residues of all the chicken tissues were quantified using respective matrix standards as 

FFA. At each level, total amounts of FFA detected in solvent extract and in tissue 

pellet were added up. The percentages of both types of residues were calculated by 

the following formulas: 
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                    (2-1) 

                     (2-2) 

2.3 Results 

2.3.1 Method Validation  

Selectivity and Specificity (Ion Ratios) 

The selectivity and specificity of the linear ion trap mass analyzer was high in SRM 

mode. Blank matrix samples along with FFA-spiked matrix samples were used for the 

assessment of selectivity. There were no interferences at the retention time of FFA 

(Figure 2-2)  
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Figure 2-2 SRM Chromatograms of chicken tissue: Blank extract (A), blank 

extract spiked with FFA (B) 

Ion ratios were calculated by dividing the peak area of qualifier ion by that of 

the quantifier ion. The problem with FFA was that only one intense peak at m/z 230 

was observed during MSn experiment at CID 25 and no other significant peak could 

be observed. On further dissociating the m/z 230, the peak at m/z 130 was most 

significant in addition to the peaks at m/z 152 and 210 (Figure 2-3). 
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Figure 2-3 MS2 and MS3 transitions of FFA by direct infusion showing the 

abundance of most prominent peaks. 

Therefore m/z 230 was used as the quantifier ion and m/z 130 as the qualifier 

ion. The maximum permitted ion ratio tolerance in this case was ± 25 % as given in 

the guidelines of Commission Decision 2002/657/EC [179]. Also, at least three 

daughter ions were selected in SRM mode to avoid the false positive results and to 

fulfill the requirement of identification points (IPs) given in Commission Decision 

2002/657/EC.     

The ion ratios for liver and kidney tissues were also stable for all the studied 

samples, thus showing the applicability of the method for these organs as well. The 

ion ratio precision was not calculated separately as the Excel spread sheet used for the 

determination of precision and accuracy of the method could only confirm the 

trueness of the sample if the ion ratios were within the tolerance limit according to 

Commission Decision 2002/657/EC. The final results showed that all the ion ratios 

were within the tolerance limit for all the samples and no false positive results were 

obtained (Table 2.5).   

Table 2.5 LOD, LOQ, CCα, CCβ and ion ratios 

LOD 

(µg/kg) 

LOQ 

(µg/kg) 

CCα 

(µg/kg) 

CCβ 

(µg/kg) 

Ion ratio 130/230   

(n > 100) 

0.98 3.2 113 126 0.33 (0.013 SD) 

 

Linearity of Matrix Matched Calibration Curve and Matrix Effects  

Linearity of the matrix matched calibration curve was calculated from six working 

standards of FF (25-60 µg/kg equivalent of FFA). These FF working standards were 
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spiked in negative control chicken muscles before the start of digestion and later 

detected as FFA as all FF was hydrolyzed to this metabolite (curve A, Figure 2-4). 

Additionally, negative matrix extracts spiked with FFA working standards (curve B, 

Figure 2-4) and solvent standard curve of FFA (curve C, Figure 2-4) were also run to 

check the linearity.   The coefficient of determination (R2) was always greater than or 

equal to 0.99 in all of these matrix or solvent standard curves. The values of R2 and 

linear equations are also shown in Figure 2-4.  

 

Figure 2-4 Linearity and matrix effect evaluation. Plot of FF spiked 

matrix curve A, FFA spiked matrix curve B and solvent standard 

curve C 

Matrix effects were calculated at 0.5, 1 and 1.5 x MRL. For this purpose, FF 

spiked at the start of digestion and FFA spiked after digestion before reconstitution 

was compared with solvent standards of FFA. The results were calculated as the 

average of (n=4) samples at each level.  Over all ion suppression of 22-30 % was 

observed in both type of spiked samples when compared with solvent standards of 

FFA using Matuszewski et al.‘s method [180]. The matrix effect was relatively higher 

at 0.5 x MRL and decreased with increasing concentrations. The effect of matrix was 

also clear from matrix and solvent standard curves (Figure 2-4). The values of slope 

and intercept for pre-hydrolyzed FF spiked matrix curve (curve A, Figure 2-4) were 

slightly lower than for post-hydrolyzed FFA spiked matrix curve (curve B, Figure 2-

4). The recovery loses that occurred during digestion and extraction processes could 

be the main reason. As a result of considerable matrix effects, it was decided to use 
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matrix matched standards prepared by spiking parent FF drug in blank chicken 

muscles for recovery corrections.   

Precision and Accuracy      

The accuracy of the method calculated in spiked samples at all levels was between 84 

to 101.4% using matrix matched calibration standards (Table 2.6). The intra-day 

precision (repeatability) and inter-day precision (within lab reproducibility) was 

calculated as relative standard deviation (RSD %) for same batch and for different 

batches on 3 validation days, respectively. The precision values fall between 1.2–11.7 

% (Table 2.6). The accuracy and precision values were well within the maximum 

permitted values as demonstrated in Commission Decision 2002/657/EC, thus 

showing the applicability of the method. 

Table 2.6   Precision and accuracy results 

                           Spiking levels (n=7 for each batch; 3 batches each level) 

Parameters 50 µg/kg 100 µg/kg 150 µg/kg 

Average value 47.23 42.5 50.7 84 93 100.4 147 146 151 

Accuracy % 94.5 85 101.4 84 93 100.4 98 97.3 100.01 

SD 4.67 3.1 3.02 7.05 3.46 7.2 8.6 4.9 3.45 

Intra-day RSD % 7.9 6.7 4.1 

Inter-day RSD % 11.7 8.9 1.2 
 

LOD, LOQ, CCα and CCβ  

The values of LOD and LOQ were 0.98 µg/kg and 3.2 µg/kg, respectively (Table 

2.5). The lowest level of matrix matched calibration standard was used for this 

purpose. The S/N ratio of transition ion (m/z 210) was used for the estimation of LOD 

and LOQ (Figure 2-5). 
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Figure 2-5 Representative chromatogram of 25 µg/kg FFA matrix 

standard and calculation of LOD and LOQ from S/N ratio 

The values of CCα and CCβ were calculated using the precision experiments 

(Table 2.5). Since, FF is not a banned drug globally (in food producing animals), α 

and β errors were set at 5 %. 

Stability of the FFA in Extracts 

The storage stability of FFA in muscle extracts were estimated in both diluted and un-

diluted extracts at 0.5 and 1 x MRL. The extracts were stored at -20 °C for up to 2 

months. The reconstituted extracts with 50 % methanol were quite stable for 2 months 

(Table 2.7).                                                                                                                                             

Table 2.7   Stability of FFA in chicken muscle extracts stored at –20°C 

 50 µg/kg 100 µg/kg 

Time point (Months) Undiluted Diluted Undiluted Diluted 

0 41.3 (2.3) 40.6 (5.3) 92.4 (2.4) 89.2 (4.2) 

0.5 42.2 (4.2) 38.2 (2.4) 93.5 (1.9) 87.4 (1.4) 

1 40.4 (1.5) 31.5 (3.1) 91.5 (7.3) 73.2 (2.5) 

2 41.8 (5.2) 24.5 (1.9) 88.45 (5.9) 62.2 (2.3) 

*Data represents the mean amount of FFA recovered from two stored samples with reference to its       

concentration determined at 0 month; standard deviation in parenthesis 

However the same extracts diluted with 0.5 % NH4OH in 25 % methanol 

(methanol: ammonia solution) were comparatively less stable under the similar 
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conditions. It was obvious because the presence of small of amount of ammonia in the 

sample mixture might have degraded the drug.   

Robustness 

The method proved to be highly robust and slight variations in the volume of 6 N 

HCl, digestion time and pH did not affect the results. The robustness experiment was 

not designed separately as aforementioned parameter had already been testified during 

optimization process.   

2.3.2 Relative Distribution and Comparison of Solvent-Extractable 

Versus Solvent Non-extractable FF Studies in Liver Kidney 

and Muscles of Broiler Chicken 

The relative distribution of FF in liver, kidney and muscles were estimated according 

to the validated method. Among the three tested tissues/organs, maximum amount of 

FF was found in kidney samples. Whereas in muscle tissues the least amount of FF 

was estimated at the same time periods (Table 2.8a). 

The amount of FF detected at each time interval is the sum of free drug 

(solvent extractable) and solvent non-extractable (tissue bound) drug recovered after 

hydrolysis. The bound drug could not be extracted because of the covalent bonding 

with proteins. The percentage of bound and un-bound drug was calculated by 

comparison with total amount present at each time interval (Table 2.8b, Figure 2-6). 

The comparison of solvent non-extractable and extractable FF residues 

showed that only 15-18 % drug was recovered with solvent extraction as free drug in 

liver and kidney samples (Table 2.8b). However in muscles, the extractable amount 

exceeds to 50 %. Therefore it can be concluded that most of the FF drug is bound with 

the tissues and could only be detected after digestion of the tissues. 
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Table 2.8a Comparison of FF detected as bound (non-extractable) and un-bound (extractable) in Liver, Kidney and Muscle 

Amount of FF detected as non-extractable (bound) and extractable (un-bound) in three parts of broiler chickena 

 Kidney Liver Muscle 

Day Bound (non- 

extractable 

(µg/kg)  

Un-bound 

(extractable) 

(µg/kg) 

Bound (non- 

extractable 

(µg/kg)) 

Extractable 

(un-bound) 

(µg/kg) 

Bound (non- 

extractable 

(µg/kg) 

Un-bound 

(extractable) 

(µg/kg) 

1 3828.18 (211) 845.27 (78) 1790.25 (7) 429.25 (9) 68.84 (3) 59.87 (7) 

2 3441.75 (344) 707.56 (3) 1377.00 (45) 284.80 (17) 62.34 (4) 45.88 (17) 

3 2151.53 (364) 394.28 (135) 1062.50 (116) 222.00 (32) 50.00 (6) 56.50 (15) 

4 1477.69 (264) 309.73 (28) 829.50 (57) 183.50 (23) 50.77 (5) 50.50 (3) 

5 1449.19(128) 228.23 (42) 717.00 (55) 157.50 (17) 48.20 (9) 34.75 (0.1) 

6 1049.34 (69) 154.95 (48) 511.50 (78) 103.00 (7) 41.38 (4) 43.46 (7) 

7 806.50 (71)) 125.04 (27) 417.00 (101) 67.00 (15) 39.93 (0.57) 40.30 (0.8) 

8 609.12 (63) 99.06 (5) 295.50 (9) 51.50 (3) 34.76 (7) 36.88 (0.2) 

10 542.67 (78) 85.63 (26) 205.00 (35) 33.50 (7) 18.99 (5) 19.26 (4) 

12 411.99 (46) 63.77 (20) 160.50 (57) 23.50 (6) 9.37 (2) 8.31 (3) 

14 341.00 (5) 51.17 (8) 123.00 (46) 17.94 (8) 3.00 (2) 3.00 (0.8) 

16 237.00 (55) 32.77 (5) 49.72 (0.89) 2.33 (3) 2.00 (1.5) 1.92 (1) 

18 102.45 (10) 16.45 (4) 31.51 (4) 0.83 (1) ND ND 

20 37.40 (11) 5.27 (2) 23.61 (8) 0.49 (0.7) ND ND 

a Amount is represented as mean of 2 samples with ± SD in parenthesis 
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Table 2.8b Total amount of FF detected and %age of solvent non-extractable versus solvent extractable residues 

a NE=Non extractable and E=extractable; % of non extracted and extracted calculated dividing respective amounts by total amount given in table 2.8a x by 100.  

 

 Kidney Liver Muscle 

Day Totala 

(NE+E) 

(µg/kg) 

Non -extractable 

(%) 

Extractable 

(%) 

Total 

(NE+E) 

(µg/kg) 

Non -extractable 

(%) 

Extractable 

(%) 

Total 

(NE+E) 

(µg/kg) 

Non- 

extractable 

(%) 

Extractable 

(%) 

1 4565.57 81.91 18.09 2219.50 80.66 19.34 119.41 53.48 46.52 

2 4056.84 82.95 17.05 1287.87 82.86 17.14 97.90 57.60 42.40 

3 2508.38 84.51 15.49 845.88 82.72 17.28 104.48 46.95 53.05 

4 2151.41 82.67 17.33 473.47 81.89 18.11 101.27 50.13 49.87 

5 1649.08 86.39 13.61 359.09 81.99 18.01 82.95 58.11 41.89 

6 1204.29 87.13 12.87 172.12 83.24 16.76 84.84 48.77 51.23 

7 770.93 86.58 13.42 90.71 86.16 13.84 80.22 49.77 50.23 

8 641.63 86.01 13.99 83.10 85.16 14.84 71.64 48.52 51.48 

10 489.84 86.37 13.63 68.77 85.95 14.05 38.25 49.65 50.35 

12 398.75 86.60 13.40 64.65 87.23 12.77 17.68 49.00 51.00 

14 270.51 86.95 13.05 64.20 87.27 12.73 10.05 50.04 49.96 

16 206.64 87.85 12.15 54.37 95.53 4.47 5.0 51.09 48.91 

18 93.79 86.16 13.84 33.16 97.45 2.55 0.00 0.00 0.00 

20 45.61 87.65 12.35 24.59 97.97 2.03 0.00 0.00 0.00 
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Figure 2.6: Graphical representation of FF amount detected and 

percentage of solvent non- extractable versus solvent-extractable FF 

residues; chicken Muscle (A); chicken kidney (B); chicken liver (C) 
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2.4 Discussion 

2.4.1 Optimization of LC-MS/MS Conditions 

Different mobile phase conditions were tested for the acceptable peak shapes and 

retention of FFA on C-18 column. The presence of polar amino group in FFA is 

responsible for the hydrophilic nature of this compound and subsequently poor 

retention on C-18 columns [149]. Additionally, highly aqueous mobile phase is 

required for the chromatographic separation of such a hydrophilic compound. 

However in the current study Waters BEH C-18 column was used that which can be 

employed at 1-12 pH range due to the hybrid nature of these particles [165]. The 

retention of polar amino group could be achieved on reverse phase C-18 columns by 

reducing the hydrophilic nature of this compound. Higher pH values of the mobile 

phase, therefore can be applied as most of the drug would be in unionized form. In 

this method, ammonium hydroxide was used in aqueous mobile phase (0.05 % v/v) as 

well as in extracted samples with dilution before LC-MS/MS analysis. The addition of 

ammonium hydroxide solution in sample mixture was found to be sufficient to obtain 

better retention and good peak shapes for FFA on C-18 column. The presence or 

absence of ammonium hydroxide solution in mobile phase did not show reasonable 

difference in the retention time or peak shape quality of FFA when sample mixture 

contained ammonium solution. Therefore, water and acetonitrile mobile phase was 

selected and no additives were used.    

2.4.2 Optimization of Digestion/Hydrolysis Time  

The important step in this method development was the optimization of the time 

required to completely hydrolyze all the florfenicol (FF) and its related metabolites 

into florfenicol amine (FFA). Also in the developed method, native florfenicol drug 

was used to mimic the natural conditions according to Faulkner et al.[165]. Previously 

published reports [149, 156, 182] have used florfenicol amine (FFA) throughout 

method development and validation procedures.  HCl apparently does not play with 

the drug and is only consumed in digestion of tissues in spiked or quality control 

samples.  

Different hydrolysis times were tested at 95-100 °C. For the time optimization 

of acid hydrolysis, a hydrolysis at 2, 4, 8, 20, 24 and 30 hours were investigated. A 20 

µl FF secondary standard, equivalent to 100 µg/kg of FFA (n=24) was spiked in 
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negative muscle tissues before start of digestion. At each time interval, 4 sample tubes 

were removed and extracted. The quantification of hydrolyzed FF as FFA was done 

using FFA matrix matched standard curve.  This matrix matched standard curve was 

made from negative tissue extracts after digestion and spiked with appropriate 

amounts of FFA secondary standard. However 4H acid hydrolysis was found to be 

sufficient to convert about the entire FF into FFA and completely digest the tissues.  

Parallel to this experiment, day-3 (72H) muscle tissue samples (n=12) at the same 

time interval were also run to compare the hydrolysis time in incurred samples. Here 

again, the maximum amount of FFA was observed at 4H and additional time did not 

increase the yield rather losses occurred in both the experiments. Table 2.9 represents 

the total amount of FFA detected at each time interval in both spiked negative tissue 

muscles and day-3 incurred chicken muscles. Figure 2-7 shows the graphical 

presentation of FFA found at different time intervals in spiked and day-3 incurred 

chicken muscles. 

Table 2.9 FF spiked negative tissue muscles; 100 µg/kg FFA equivalent 

at start of digestion and day-3 incurred tissue muscles to compare 

optimum digestion time 

Digestion time  

(Hours) 

Amount detected in FF spiked 

muscles with (20 µl FF) equivalent  

to 100 µg/kg FFA (n=4) 

Average amount detected 

day-3 incurred chicken 

muscles µg/kg (n=3) 

2H  57.4 73.78 

4H 91.24 98.87 

8H 90.84 97.34 

20H 91.56 96.45 

24H 92.05 98.54 

30H 90.78 95.87 
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2.4.2.1.1.1  

Figure 2-7 Comparison of different hydrolysis times for conversion of 

florfenicol residues to florfenicol amine. 

First data sets from negative chicken muscles (n = 2 x 6) fortified at 20 µl florfenicol 

working standard (equivalent to 100 µg/kg florfenicol amine), second data sets from 

incurred day-3 chicken muscles (n = 2 x 6). *P value (< 0.05) shows significant 

difference between two data sets at 2 hour and from succeeding hours.   

2.4.3 Optimization of Volume of 6 N HCl Required for Digestion  

Excess volume of HCl was avoided for acid hydrolysis and it was found that 4 ml of 6 

M HCl was sufficient for complete hydrolysis of FF and its metabolites to FFA. 

Larger volumes of 6 N HCl were tested in accordance with USDA, EMEA and other 

published methods [149, 156, 183, 184]. The effect of acid volume was observed at 

0.5 and 1 x MRL and the results are shown in Figure 2-8 as an average of (n=3) for 

each tested volume. The results showed that the excess amount of acid did not affect 

the yield of FFA, so the least amount of HCl was chosen with respect to environment 

friendly purpose. Using less amount of HCl also ensured the less amount of NaOH 

required for the adjustment of alkaline pH in the after digestion step. 
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Figure 2-8 Comparison of different volumes of hydrochloric acid 

required for hydrolysis and florfenicol amine recovery.  

First data set at half MRL (n = 2 x 5), second data set at 1MRL (n = 2 x 5. 

Note: No significant difference between data sets at different volumes, P 

value (> 0.05). 

2.4.4 Optimization of pH for Extraction 

The best recoveries of FFA were found at pH 10.5 ± 0.1 and higher values of pH did 

not affect the recovery of FFA. The basic nature of the FFA requires higher alkaline 

pH as only the unionized drug could be prone for phase distribution. The use of 1 M 

di-basic potassium buffer (K2HPO4) in the extraction medium also improved the 

recovery of FFA up to about 10-15 % (Figure 2-9). 
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Figure 2-9 Affect of pH and phosphate buffer on florfenicol amine 

recovery at half MRL and 1MRL. *P value (< 0.05) shows significant 

difference between data sets at 9.5 and higher pH values 

2.4.5 Matrix Effects 

The method required various steps before final extract was ready for analysis. There 

were three core steps that primarily reduced the matrix interferences. The 

reconstituted dried ethyl acetate extract was quite viscous with milky appearance. The 

hexane wash at this stage cleaned the viscous extract removing most of the fatty acid 

impurities. Secondly, matrix solid phase dispersion extraction (MSPDE) using end-

capped Sepra C18-E sorbent (50µm, 65A) removed most of the impurities and 

improved the FFA recovery [165]. For liver and kidney samples, an excess of C-18 

sorbent was always required to remove the undesired pale yellow appearance in final 

extracts. Lastly, the dilution step before final analysis cut down the matrix effect to ≤ 

30 %. 

.  
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2.4.6 Relative Distribution and Comparison of Solvent-extractable 

versus Solvent Non-extractable residues 

Florfenicol is a vital alternate of banned chloramphenicol due to high potency and 

broad spectrum activity. Studies have shown that FF metabolites may have 

irreversible binding with muscle tissues resulted in delayed release of this drug from 

animal body [149, 170, 172]. In this study the distribution of florfenicol in liver, 

kidney and muscle tissues was estimated. In addition, comparison of extractable and 

non-extractable residues in all three tissues was also assessed. Two extraction solvents 

were tested to estimate the best extraction solvent and day 1 chicken muscle samples 

were used for trialing. Matrix matched standard spiked at 50 and 100 µg/kg FF was 

used to calculate the extracted amount of native drug form day-1 chicken muscle 

samples. Acetonitrile/water based solvent system showed slightly better results as 

compared to ethyl acetate. Total run time of analysis was 10 minutes and negative ion 

mode was used for the analysis of FF. Figure 2-10 shows the representative 

chromatogram of FF in negative ESI mode and comparative results of this 

experiment.    
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Figure 2-10 Efficacy of solvent extraction system to extract solvent-

extractable FF residues (A) and day 1 SRM chromatogram of FF 

analysis in negative H-ESI mode (B) 

 

Combined FF residues were high in kidney tissues as compared to liver and 

muscle tissues respectively. The results also showed that non-extractable residues 

were comparatively higher as compared to the extractable residues in all the three 

tissues by an amount of  >80 % in kidney and liver tissues and ≥ 50 % in muscle 

tissues. These results are in agreement with those obtained from related set of 

experiments on porcine kidney and muscle tissues [165]. In chicken muscle tissues, 

however, the extractable residues were comparatively higher in contrast to porcine 

muscles during withdrawal period [165]. Pharmacokinetic and tissues depletion 

studies on chicken have also proven kidney to be the major target tissue for FF 

analysis [168]. 
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The level of FF residues in kidney tissues reached to MRL after 7 days and in 

muscle tissues after 4 days post dose administration. However in liver tissues it never 

exceeds the MRLs during the withdrawal period. Anadon et al.[168] concluded the 

final withdrawal period of 6 days in chicken after 3 days oral administration of FF at 

the rate of 40 mg/kg body mass. Therefore it can be concluded that increased doses of 

the drug may prolong the withdrawal period and excess amount of drugs has to be 

avoided.   The residues of FF in kidney, liver and muscle tissues were continued to be 

detected even after 18 days post dose administration which is the evidence of slow 

release of the drug as similar results have been found in other species [172]. The 

results of the current study also support the recommendations of Faulkner et al.[165] 

that kidney should be considered as the target sample tissue for any surveillance 

program to ensure the observance of withdrawal period after drug administration.     

Several methods published in literature are typically based on liquid-liquid 

extraction [138, 144]. But the evidence that Solvent non-extractable residues are 

predominant has put a question mark on the credibility of simple liquid –liquid 

extraction based analytical methods [165]. This study, therefore, supported the need 

of FF residue analysis based on acid hydrolysis to obtain the exact estimate of this 

drug in the form of FFA to avoid the false negative results.  

2.5 Conclusion 

This LC-MS/MS based method was developed for the routine analysis of florfenicol 

residues in chicken muscles, which is the major source of meat all over the world. 

This method development is also very important as it will open the door for an area of 

contaminant analysis that has been continuously ignored especially in third world 

countries. The validation of the method was performed in chicken meat according to 

the guidelines of Commission Decision 2002/657/EC, but can easily be applied to 

liver and kidney samples as well. In addition, the problem of non extractable residues 

of FF was also addressed by conducting incurred sample analysis and it was 

confirmed that solvent extractable residues of the drug are only present in minor 

quantities as compared to non-extractable residues. Kidney was found to be the major 

organ to address the FF residue levels in a surveillance study program. It was also 

concluded that false negative results could result if FF analysis is only done with 

routine solvent extraction without acid hydrolysis. 



 

 

 

3 LC-MS/MS based confirmatory method for 

the analysis of chloramphenicol, 

thiamphenicol, florfenicol and florfenicol 

amine in Chicken Muscles  

3.1 Introduction  

Antibiotics; chloramphenicol (CAP), thiamphenicol (TAP), and florfenicol (FF) 

belongs to amphenicol class that has phenylpropanoid structure [185]. Their 

bacteriostatic action is due to reversible binding with 50s ribosomal subunit in 

bacteria where they block the enzymatic action of peptedyltransferase to inhibit 

protein synthesis [186]. They are broad spectrum antibiotics, and are used in livestock 

industry for the treatment of a large number of infectious disease, both from Gram-

positive and Gram negative bacteria. Since after its introduction in 1940s, CAP, the 

first member of this group, has been used as one of the most effective antibiotic 

against a wide verity of microorganisms [187]. But due to suspected adverse nature of 

the CAP to cause aplastic anemia in some patients and emergence of drug resistance 

in bacteria, its use in food animals has been banned in several countries [188]. After 

structural modifications in CAP, TAP and FF were synthesized by replacing culprit 

nitro-group at para position with sulphomethyl group. The floro derivative of TAP is 

FF and it was synthesized due to development of some resistance strains of bacteria 

against CAP and TAP [171]. Florfenicol amine (FFA) is the major metabolite of FF in 

poultry, swine and cattle and also the marker residue for the determination of FF in 

these species [164, 166, 189]. Strong acid hydrolysis step is required before the final 

extract is ready for their analysis as FFA (acid hydrolysis converts solvent extractable 

and non-extractable FF residues into FFA) to avoid under-reporting of FF residues. 

The hydrolysis step is not practicable for combined amphenicol analysis because CAP 

and TAP are only detected after simple liquid-liquid extraction. However, a threshold 

can be proposed for FF residues if present; a separate dedicated hydrolysis method 

should be used for correct quantification. 
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Since, CAP is a banned drug for use in veterinary, no safe limits could be 

established for the residue of this drug and presence of residues even at the lowest 

levels in food products is not acceptable. The illegal use of CAP in some developing 

countries cannot be left overturned owing to its broad spectrum activity, availability 

and low cost. Additionally, the presence of CAP residues in imported shrimp from 

China and Vietnam has led to serious attention for the monitoring of this drug along 

with other amphenicols [190]. The term “minimum required performance limit” 

(MRPL) was introduced in EU for the development of an analytical method for 

banned drugs like CAP [191]. The MRPL for CAP is 0.3 µg/kg and it is the 

“minimum amount of analyte in a sample that has to be detected and confirmed” by 

an analytical method [191]. The use of TAP and FF has been on the rise in food 

animals since CAP has been banned and maximum residue limits (MRPLs) have been 

established in different species owing to possible carcinogenic effects of CAP [189]. 

The simultaneous determination of all amphenicols in single method should, therefore 

require detecting CAP at or below MRPL and TAP, FF/FFA at MRLs.  The low level 

detection of CAP along with other drugs of the family at higher levels is sometime 

very difficult due to the matrix interferences and difference in polarity of drugs. The 

liquid chromatography-mass spectrometry (LC-MS) is widely used in residue analysis 

as a technique to screen, confirm and quantify contaminants in different matrices at 

low levels. The confirmatory analysis requires 4 identification points (IPs) for banned 

or unauthorized and 3 for authorized substances. According to Commission Decision 

657/2002/EC, “the methods based on chromatographic analysis without the use of 

spectrometric detection are not suitable on their own for use as confirmatory method” 

[192].  

A reasonable number of screening and confirmatory methods have been 

reported in literature for simultaneous determination of total amphenicols  in different 

food products such as, immunoassays and biosensor based [193, 194], HP-LC based 

[158, 195], GC-MS based  [160, 196, 197] and LC-MS/UPLC-MS based [138, 163, 

198-202]. However, only GC-MS and LC-MS based methods are suitable for 

confirmatory analysis as they can provide the required number of IPs in a single 

analysis [192]. LC-MS is advantageous over GC-MS as time consuming and 

laborious derivatizations are not required. For the simultaneous analysis of 4 

amphenicols using LC-MS technique, only few methods have been reported in 

literature. The earliest method for simultaneous analysis of 4 amphenicols in aquatic 
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species was reported by van de Riet et al.[198]. The extraction was made by acetone 

followed by partitioning with dichloromethane. However, the FFA was poorly 

recovered at higher concentrations as reported by the author. Various clean-up 

strategies are found in literature to improve the extraction efficiency of multi-

amphenicols such as solid phase extraction with MCX [138, 201, 203] matrix solid 

phase dispersive extraction (MSPDE) [200, 204] and sample disruption [202]. 

Although these techniques are quite efficient to reduce the matrix interferences but 

involvement of lengthy intermediate steps slows down the extraction process. The use 

of dispersive solid phase extraction (dSPE) either with C-18 end-capped [165] or 

primary secondary amine (PSA) [149] dispersive materials is also found in literature 

to improve the recovery of basic FFA by reducing the effect of many polar and non-

polar impurities. In dSPE, the extracts are thoroughly mixed with dispersive material, 

centrifuged and separated for further processing. This clean-up process is quite quick 

and rapid, enabling to shorten the time required for sample processing. However, the 

use of dSPE for multi-amphenicols is quite scarce. Few reports are found in literature 

employing dispersive material for the extraction of CAP, TAP and FF [161, 205]. 

There is no such report found in literature about the use of dSPE for the extraction of 

all the 4 amphenicols.           

Poultry industry played a leading role in the development of livestock industry 

in developing countries [175]. Pakistan has a large domestic market of poultry and is 

the cheaper source of protein in the form of egg and meat [206]. There are no 

regulations for the use of veterinary drugs and uncontrolled use can have serious 

health threats for the consumers. Reports about the prevalence of antibiotic resistance 

genes, shared between various bacterial strains in different areas of Pakistan isolated 

from broiler chicken and aquatic environment [169, 207], has further demanded the 

need of extensive framework to regulate and control the use of veterinary drugs at 

official level.  

The rationals of the current study was to develop a simple, quick and short 

confirmatory method for the analysis of total amphenicols and its application to get an 

idea about their prevalence in broiler meat purchased from local market in three cities 

of Punjab, Pakistan.  The method was developed according to the guidelines given in 

Commission Decision 657/2002/EC [192]  This LC-MS/MS method involved 

quadrupole linear ion trap mass analyzer that have been found quite efficient for 
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multi-residue analysis [208]. The method performance was tested through the analysis 

of incurred tissues as well as analyzing 120 random meat samples collected from 

three cities of Punjab, Pakistan. Among the tested samples, 9 samples were found to 

be contaminated with FF well below MRLs and 4 were found to contain CAP residues 

below 0.5 µg/kg. The results are of particular importance from food safety point of 

view because such studies have never been conducted on any Pakistani poultry meat 

samples before this report. The root of CAP in food chain is questionable and needs to 

be addressed to ascertain the possible source of CAP in animal food products.  

3.2 Materials and Methods 

3.2.1 Analytical Standards and Chemical Reagents 

CAP, TAP and FF were obtained from Sigma (Sigma Aldrich, MS, USA) and FFA 

from Witega (Witega, Berlin, Germany). All the chemical reagents used during the 

analysis were HPLC or LC-MS grade. Ammonium hydroxide (35 %) and formic acid 

were purchased form Fisher (Fisher Scientific, MS, USA), while di-potassium 

hydrogen phosphate (K2HPO4) was obtained from Merck (Merck, Germany). 

Acetonitrile, ethyl acetate, methanol and n-hexane were obtained from VWR (VWR, 

Pennsylvania, USA). Ultrapure water having resistivity of18MΏ.cm was obtained 

from in-house Smart 2 purification system (Thermo Scientific, MA, USA). Sepra C 

18-E (50 µm, 65A) sorbent for dispersive solid phase extraction (dSPE) was obtained 

from Phenomenex (Phenomenex, MA, USA).  

3.2.2 Standard Solutions and Working Reagents  

Standard stock solutions with a concentration of 1mg/ml were prepared by dissolving 

each analyte in methanol and stored in screw-capped amber vials at -20 °C for a 

maximum of six month. Standard purity of each analyte was considered and 

subsequently adjusted before making stock solutions. The concentration of the 

working solution of each analyte was different according to the validation levels. 

Working standards, having concentrations of 10 and 20 µg/ml for FF and FFA, 5 and 

10 µg/ml for TAP and 0.03 and 0.06 µg/ml for CAP were prepared from stock 

standard solutions by appropriate dilution with methanol and stored in amber vials in 

refrigerator, used only for a maximum of 2 months. Ammonium hydroxide solutions 

having the concentration of 1M in LC-MS grade water and 0.5 % in methanol were 

also prepared to be used in sample processing. 
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3.2.3 Instruments 

The instruments used during sample preparation were, ultrasonic bath, waring meat 

processor, homogenizer (Omni international, USA), centrifuge machines of different 

sizes, vortex mixer, vacuum pump (Rocker 300) and sample concentrator equipped 

with N2.  

3.2.4 LC-MS Instrumentation and Conditions 

Liquid Chromatography 

Surveyor Plus LC system (Thermo Finnegan, San Jose, USA) was used to perform 

liquid chromatography. This HPLC system was equipped with vacuum degasser, 

auto-sampler, quaternary pump, column oven, condenser and photodiode array (PDA) 

detector. Chromatographic separation was performed on Waters XBridge BEH C18 

XP column (100 x 2.1 mm, 2.5 µm) with inline filter (0.5 µm porosity). The sample 

compartment temperature was set at 10 °C and column oven temperature was 

maintained at 40 °C. The Injection volume was 5 µl. The analysis was carried out by 

gradient elution using (A) acetonitrile and (B) water as mobile phase at a flow rate of 

0.3 ml/min. The conditions for gradient elution are given in Table 3.1. A blank was 

always run in between the samples to reduce the carryover. 90 % methanol was used 

as needle wash.  

Table 3.1 Gradient condition for the separation of amphenicols 

Time (min) Flow (ml/min) Acetonitrile % (A) % Water (B) 

0 0.3 20 80 

7.5 0.3 90 10 

9 0.3 90 10 

10 0.3 20 80 

15 0.3 20 80 

 

Mass Spectrometry 

Linear ion trap mass analyzer (LTQ-XL, Thermo Finnegan, San Jose, USA) was used 

in this study, connected via heated electrospray ionization interface (H-ESI) and 

operated in both positive and negative modes. CAP, TAP and FF were analyzed in 

negative ionization modes whereas FFA was analyzed in positive ionization mode. 

The vaporization temperature of H-ESI was maintained at 250 °C with 3 kV source 
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voltages. Nitrogen was used both as sheath and auxiliary gases with the flow rates of 

35 and 10 (arbitrary units), respectively. The tube lens was set at 70 V for positive 

ionization mode and at 100 V for negative ionization mode. The values of CID were 

optimized by directly infusing the standard solutions of each analyte into MS at the 

concentration of 10 µg/ml. Later, the same standard solutions were also run along 

with HPLC mobile phase, using a T-connector before MS interface, to fully optimize 

experimental conditions for real LC-MS/MS analysis. For each parent ion, at least two 

most intense daughter ion peaks were selected. The daughter ion peak of higher 

intensity was used for quantification whereas; the second, less-intense peak, was used 

as qualitative or confirmatory ion. Ion ratios were obtained dividing qualifier ion by 

quantifier ion.  Considering the risks associated with CAP residues, three daughter 

ions were selected for this compound. However, third daughter ion was used only as 

the confirmatory ion and not for ion ratio calculation.   

For tandem mass spectrometry, the samples were analyzed in selected reaction 

monitoring mode (SRM) and for each analyte three scan events were selected (one 

parent ion and two daughter ions), one scan event for each MSn. LTQ-XL, with an 

ultrafast cycle time, can fulfill the task of simultaneous quantification by fast polarity 

switching. However, in current method, fast polarity switching was not used and two 

segments were made in the same instrument method. The positive tune file was used 

in the first segment for the FFA analysis whereas negative tune file was used for TAP, 

FF and CAP analysis. In this way all the analytes could be analyzed in a single run. 

The data was acquired for 10 minutes and the flow was diverted to drain for last five 

minutes. The optimized conditions for MS analysis are listed in Table 3.2. All the data 

was acquired using Xcalibur software version 2.0.7 (Thermo Finnegan, San Jose, 

USA).                                                                 
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Table 3.2 Optimized conditions for LC-MS/MS analysis of 

amphenicols 

Analyte 

  

Retention 

time 

(min) 

Parent ion c Daughter 

ions   

(CID) ESI mode Segment Maximum 

injection 

time (ms) 

FFA 1.82 248 230a 

130b 

18 

25 

+ve 1 (0-2.2 

min) 

200 

TAP 2.52 354 290a 

227b 

18 

18 

-ve 2 (2.25-10 

min) 

200 

FF 5.06 356 336a 

219b 

17 

17 

-ve 2 (2.25-10 

min) 

200 

CAP 7.19 321 257a 

194b 

17 

17 

-ve 2 (2.25-10 

min) 

200 

a quantitative ion 
b  qualitative ion 
c one daughter ion in one scan event with ± 0.5 m/z mass width around each selected ion 

 

3.2.5 Sample Extraction 

Blank muscle samples were obtained from local control shed where broiler chickens 

were grown in antibiotic-free environment. Chicken breast muscles were ground by 

hand chopping and later minced with high speed blender. The samples were stored at 

–20 °C in plastic sampling bottles. Before the start of processing, all frozen samples 

were allowed to attain room temperature. Muscles samples (2.0 ± 0.1g) were 

weighted in 50 ml polypropylene centrifuge tubes. Selected blank tissue samples were 

also weighted for matrix matched standards (matrix extracted and spiked) and 

recovery calculations. Only recovery samples were spiked with working standards of 

all analytes while matrix match standards were not spiked at this stage. After 20 

minutes of equilibration, 10 ml of acetonitrile and 2 ml of 1M NH4OH in water was 

added, vortex mixed for 1 minute and homogenized for 1 minute. The samples were 

then centrifuged for 10 minutes at 4000 rpm and supernatants were transferred to 

other tubes. Next, the pellets were re-extracted with 10 ml ethyl acetate and 

supernatant pooled with first extract.  All the extracts were dried under N2 at 50 °C in 

borosilicate glass tubes (16 x 100 mm) till the volume reduced to < 1 ml in each tube. 

Matrix standards were spiked at this stage and the volume of the extract in each tube 

was adjusted to 1 ml by adding water with pasture pipette.  This was followed by the 

addition of 1ml of 0.5% NH4OH in methanol. After giving 2 minutes in ultrasonic 

bath, the samples were vortex mixed for 1 minute and defatted with 4 ml n-hexane. 
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3.2.6 Sample Clean-up 

The samples were further cleaned up by dispersive solid phase extraction (dSPE) to 

get cleaner extracts for LC-MS analysis. Exactly 1 ml of each of the sample extracts 

was transferred to eppendorf tubes (1.5 ml) containing 250 mg Sepra C 18-E (50 µm, 

65A), vortex mixed for 3 minutes and centrifuged at 13000 rpm for 15 minutes. 600 

µl of each of the samples was transferred to LC vials for analysis. 

3.2.7 Method Validation 

The method was validated at 0.5, 1.0 and 1.5 times the MRL/MRPL of each drug for 

three days according to the criteria given in EU Commission Decision 2002/657/EC. 

Blank chicken muscles previously sub sampled and minced were used for this 

validation. On each day, 28 aliquots of 2 g each (21 recoveries, 5 matrix matches 

standards and 2 negatives) were weighted in to 50 ml polypropylene centrifuge tubes. 

Recoveries were spiked at three validation levels using working standard solutions 

and all samples were processed as described in sample processing section. Matrix 

standards were spiked after extraction before final reconstitution.       

The parameters determined during method development and validation 

includes selectivity and specificity, linearity, matrix effects, precision and accuracy, 

decision limit (CCα) and detection capability (CCβ). Sensitivity of the instrument was 

also determined in terms of limit of detection (LOD) and limit of quantification 

(LOQ). 

Selectivity and Specificity  

The selectivity was assessed by running 20 blank samples prepared from negative 

chicken muscles along with blank samples spiked with all the four analytical 

standards. The probability of matrix interferences at the retention time of analytes 

under consideration was determined by comparing spiked and un-spiked negative 

samples.  

 Specificity was determined from ion ratios, calculated dividing peak area of 

the qualifier by quantifier ion for the entire matrix matched standards and negative 

chicken samples spiked for recovery estimation.   
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Linearity and Matrix Effects 

Matrix matched calibration curves were prepared by spiking known volumes of 

working standard solutions of each analyte into negative muscle extracts just after 

drying and before reconstitution.  The same curves were also used for the calculation 

of precision and accuracy values, prepared daily for three days. Five calibration levels 

were used for each analyte based on MRPL/MRLs. The calibration levels used were; 

for CAP, 0.075, 0.15, 0.3, 0.45, and 0.9 µg/kg, for TAP,  12.5, 25, 50, 75, and 150 

µg/kg, for FF and FFA, 25, 50, 100, 150, 300 µg/kg. The response was calculated 

from absolute peak area and concentration of the analyte. The co-efficient of 

determination (R2) was used to assess the linearity of the response.  

The matrix effects were calculated according to Matuszewski et al.[209] 

method by comparing the peak area of matrix matched standards (negative muscle 

extracts spiked with working standard solutions) with solvent standards. The effects 

were calculated at 0.5, 1 and 1.5 MRPL/MRL levels. The following formula was used 

by Matuszewski et al.[209] to calculate matrix effects. 

ME (%) = B /A × 100                                         (3-1) 

Where “A” is the average peak area of solvent standard and “B” is the average peak 

area of the matrix standard. A value of ˃ 100 % means that there is signal 

enhancement and that of < 100 % means that there is signal suppression. A value 

equal to 100 % means there is no matrix effects. The equation was slightly modified 

(B-A/A × 100) so that the value obtained was self explanatory to designate what 

percentage of signal enhancement or suppression occurred due to matrix effects.  Five 

replicates (n=5) were taken at each targeted level to obtain the average peak area and 

the matrix effects were represented as an average of 15 samples for each drug.  

Precision and Accuracy 

The accuracy was calculated as %age recovery by comparing the concentrations 

obtained in spiked samples with theoretical values. The precision was calculated from 

recovery variations and expressed as relative standard deviation (RSD) for intra-day 

repeatability and inter-day reproducibility (within lab repeatability).  
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CCα, CCβ, LOD and LOQ  

Decision limits (CCα) and detection capability (CCβ) are new terms used recently 

instead of limit of detection (LOD) and limit of quantification (LOQ) [200]. 

According to the decision 657/2002/EC , CCα can be defined as “the limit at and 

above which it can be concluded with an error probability of α that a sample is non-

compliant” and CCβ as “the smallest content of a substance that has to be detected, 

identified and quantified in a sample with an error probability of β”. 

The value of α error for banned or un-authorized substances is 1% whereas for 

allowed substances it is set at 5 %. The value of β error is 5 % for both banned and 

authorized substances. The precision data of within-day repeatability and between-day 

reproducibility was used to calculate CCα and CCβ. The data was used to plot a 

calibration graph of the expected values versus the obtained values. The graph thus 

represented 21 points per level totaling 63 points. From that graph the CCα and CCβ 

values were calculated according to ISO/11843-4 [181]  on Microsoft® Excel spread 

sheet developed at Prof. Glenn Kneedy’s lab, AFBI, VSD, Belfast, UK. The values of 

CCα for CAP were estimated as the corresponding concentration at y-intercept plus 

2.33 times the standard deviation of the within-lab reproducibility of the intercept and 

the values of CCβ were estimated as the corresponding concentration at the decision 

limit (CCα) plus 1.64 times the standard deviation of the within-lab reproducibility of 

the mean measured content at the decision limit. For the rest of the three compounds, 

the values of CCα were calculated as the corresponding concentration at the permitted 

limit plus 1.64 times the standard deviation of the within-lab reproducibility, and the 

CCβ values were calculated as the corresponding concentration at the decision limit 

(CCα) plus 1.64 times the standard deviation of the within-lab reproducibility. 

The limit of detection (LOD) and limit of quantification (LOQ) were 

determined from the lowest transition ions in the lowest calibration levels at the signal 

to noise ratio of 3:1 for LODs and 10:1 for LOQs.  

3.2.8 Applications of the Method and Surveillance Study 

The applicability and reliability of the method was evaluated through analyzing 

incurred chicken muscles. For incurred samples, six healthy broiler chickens (5 weeks 

old) were given 1 day oral dose at a local form. Three of them were given CAP at the 

rate of 10 mg/kg and the other three were given FF at the rate of 30 mg/kg body 
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weight. The samples of breast muscles were taken on third post-dose day, ground and 

kept separate in sampling bags. Before sample processing, 1 gram from each incurred 

sample was mixed together for simultaneous analysis of both drugs. 

The performance of the method was also evaluated by analyzing 120 samples 

of chicken meat purchased randomly at butcher shops from three cities: Faisalabad 

(FSD), Lahore (LHR) and Sheikhupura (SHK), Punjab province, Pakistan. The 

samples were collected aseptically and stored in plastic sampling bags at –20 °C 

before analysis. On the day of analysis, samples were defrosted completely, ground, 

minced and processed using the optimized procedure for extraction. Each sample was 

analyzed in duplicate and matrix matched standard curve was used for the 

quantification. 

3.3 Results  

3.3.1 Method Validation  

Selectivity and Specificity 

The possibility of interfering peaks at or near the retention time of the analytes under 

observation likely to interfere with identification and quantification of the analytes. 

Different approaches can be used for the assessment of specificity during method 

development. Chemically related/similar compounds can be used to check the 

interfering peaks at the expected retention times. The other way is to run 

representative negative sample extracts (n ≥ 20) to check the possible interferences at 

the retention time of the analytes [179]. In the current study, 20 negative chicken 

samples were extracted using the optimized protocol and subsequently run on LC-MS. 

There were no interfering peaks at the retention time of the 4 analytes. A 

representative chromatogram of negative extract is presented in Figure 3-1. 
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Figure 3-1 Representative blank (negative) chicken muscle. 

Showing no interfering peaks at retention times of florfenicol amine (FFA), 

thiamphenicol (TAP), florfenicol (FF) and chloramphenicol (CAP) 

Specificity was assessed from ion ratios calculated for each compound and 

was used as one of the key parameter for confirmatory analysis. The ion ratios should 

never be exceeded than tolerance limits as described in Commission Decision 

657/2002/EC. Precision of the ion ratios was calculated as % RSD for all the analytes 

in a range of matrix matched standards and recovery samples. The results showed that 

RSD values were below 18 % and the ion ratios were within the tolerance limits 

established in 657/2002/EC (Table 3.3).  

Table 3.3 Ion ratios for matrix standards, spiked samples and 

tolerance limits in accordance with 657/2002/EC 

Analyte 

 

Quantifier 

ion 

Qualifier 

ion 

Ion ratio 

standards 

Ion ratio 

spiked 

samples 

RSD 

(%) 

Ion ratio 

tolerance 
(657/2002/EC) 

CAP 321 ˃ 257 321 ˃ 194 0.42  0.38 – 0.47 3.93 ± 25 % 

TAP 354 ˃ 290 354 ˃ 227 0.25 0.24 – 0.28 4.04 ± 25 % 

FF 356 ˃ 336 356 ˃ 219 0.05 0.036 – 0.062 17.7 ± 50 % 

FFA 248 ˃ 230 248 ˃ 130 0.26 0.24 – 0.31 9.07 ± 25 % 
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Linearity and Matrix Effects  

Matrix matched calibration curves were based on external standard calibration to 

estimate the linearity of the chromatographic response. These matrix curves were 

prepared each day by spiking appropriate amount of each working standard solution 

into negative tissue extracts. The same matrix curves were prepared for three 

validation days. The co-efficient of determination (R2) was always greater than or 

equal to 0.996, showing good linearity of chromatographic response. The typical 

values of regression parameters a, b, R2 and calibration ranges are given in Table 3.4. 

Table 3.4 Calibration ranges, regression equations and co-efficient of 

determination (R2) 

Analyte Calibration range 

(µg/kg) 

Regression equation Co-efficient of 

determination 

(R2) 

FFA 25, 50, 100, 150, 300 Y= 1333.8X + 17543 0.9966 

TAP 12.5, 25, 50, 75, 150 Y= 9775.8X + 38003 0.9991 

FF 25, 50, 100, 150, 300 Y= 21161X + 652039 0.9960 

CAP 0.075, 0.15, 0.3, 0.45, 0.9 Y= 56967X + 442.57 0.9968 
  

Matrix effects were obtained from the peak area of the solvent and matrix 

standards of the same concentration.  Low matrix effects were observed for TAP, FF 

and CAP, which were analyzed in negative ionization mode on LC-MS. However, 

matrix effects were high in case of FFA and signal suppression was > 90 %. Table 3.5 

shows the overall signal suppression or enhancement results according to 

Matuszewski et al.[209] method. Matrix effects were also estimated by comparing the 

slope and intercept values of the linear equations shown in Figure 3-2, constructed to 

evaluate the linearity of the chromatographic response from matrix matched and 

solvent standards [115, 210]. Owing to high matrix effects, matrix matched 

calibration curves were used throughout for determination of method performance 

characteristics and applications.  
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Table 3.5 Mean matrix effects with %RSD, regression equations for 

solvent and matrix match standards for florfenicol amine (FFA), 

thiamphenicol (TAP), florfenicol (FF) and chloramphenicol (CAP) 

Analyte Over all mean 

Matrix effect 

(n=15) (%) 

%RSD Solvent regression 

equation 

Matrix match 

regression equation 

FFA -96.36a 21  Y= 42837X + 856356  Y= 1333.8X + 17543 

TAP -1.67a 8  Y= 9300.9X + 65658  Y= 9775.8.9X + 38003 

FF 7.65b 13  Y= 19476X + 628744  Y= 21161X + 652039 

CAP 13.25b 9  Y= 49894X + 284.73  Y= 56967X + 442.57 
a –ve value shows signal suppression 
b +ve value shows signal enhancement 
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Figure 3-2 Solvent and matrix standard curves representing high 

matrix effects in florfenicol amine and low matrix effects in 

thiamphenicol, florfenicol and chloramphenicol 

Precision and Accuracy 

The accuracy and precision values were calculated at three validation levels for each 

compound for three days. The mean extraction recoveries ranged from 98.3 % to 

108.1 % for CAP, 92.5 % to 99.8 % for TAP, 91.6 % to 100.5 % for FF and 86.4 % to 

94.5 % for FFA. Overall mean recoveries ranged from 86.4 % to 108.1 % for all the 4 

analytes Table 3.6 represents the method recoveries. It can be seen that recoveries 

were relatively lower for FFA as compared to the other 3 compounds. Slightly basic 

characteristic of FFA, made this drug less susceptible for organic partitioning under 
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neutral conditions, so mildly basic conditions were applied for its extraction from 

medium. Applying slightly harsh conditions inversely effects the extraction of other 3 

compounds, especially CAP, which requires very low detection limits. Nevertheless, 

the accuracy values for all the 4 analytes were within the limits of the European 

guidelines and as such the proposed method can be used for the quantification and 

confirmation of the total amphenicols. 

Table 3.6 Method performance characteristics in terms of precision 

and recoveries 

Analyte Spiking level  

(µg/kg) 

Recovery  

(mean ± SD %) 

intra-day  

(RSD %, n=7) 

Inter-day  

(RSD %, n=3) 

CAP 0.15 99.6 ± 0.02 5.1 14.9 

 0.3 98.3 ± 0.05 7.6 14.5 

 0.45 108.1 ± 0.06 5.7 12.3 

TAP 25 99.8 ± 3.26 5.1 13 

 50 92.5 ± 7.68 11 16.3 

 75 96.6 ± 6.15 6.2 8.3 

FF 50 100.5 ± 6.76 2.7 13.5 

 100 93.6 ± 4.09 3.8 4.4 

 150 91.6 ± 9.05 1.8 7.1 

FFA 50 86.4 ± 4.45 4.1 10.2 

 100 94.5 ± 6.40 2.7 6.7 

 150 89.2 ± 16.82 8.8 12.3 
 

The method precision estimated in terms of relative standard deviation (RSD), 

calculated for intra-day and inter-day variations for all the analytes, ranged from 2.7 

% to 8.8 % for intra-day and 4.4 % to 16.3 %  inter-days (Table 3.6). 

CCα, CCβ, LOD and LOQ  

The values of CCα (decision limit) and CCβ (detection capability) were calculated 

from precision experiments for all the compounds and are shown in Table 3.7. It 

should be noted that the values of CCα and CCβ for a banned drug must be less than 

MRPL value. In current study, these values for CAP were well below the MRPL (0.3 

µg/kg), thus the method can be used for routine monitoring of any illegal use of this 

drug in veterinary at very low levels.  

The sensitivity of the method was estimated from limits of detection (LODs) 

and limits of quantification (LOQs). The LODs and LOQs were calculated from the 

lowest calibration levels at signal to noise ratio of 3:1 and 10:1 [211] (Table 3.7). As 

it can be seen that LODs and LOQs are well below the validation levels for each 
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analyte, the method is quite sensitive to determine all the four drugs at few µg/kg 

levels.  

Table 3.7 Decision limits (CCα), detection capability (CCβ), limit of 

detections (LOD) and limit of quantifications (LOQ) 

Analyte CCα (µg/kg) CCβ (µg/kg) LOD (µg/kg) LOQ (µg/kg) 

CAP 0.11 0.19 0.015 0.05 

TAP 61.5 73 0.17 0.56 

FF 114.2 128.5 0.73 2.43 

FFA 121.9 143.8 0.58 1.93 
 

3.3.2 Applications of the Developed Method  

The results of the incurred chicken analysis showed that both the analytes were 

successfully identified and confirmed (Figure 3-3). It should be noted that FFA was 

also detected in the incurred sample as FF is metabolized to FFA which is the major 

metabolite of FF in many species and the marker residue for the analysis of FF [189]. 

The ion ratios of the qualifier and the quantifier ions were also monitored to 

successfully qualify the EU criteria to confirm the positive identification of a 

compound.  
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Figure 3-3 Chromatogram of incurred chicken muscles, amount 

detected; 17.52 µg/kg (FFA), 12.05 µg/kg (FF) and 2.46 µg/kg (CAP) 

 

 The analysis of random field samples on LC-MS/MS showed that 4 of them 

were non-compliant for CAP (residues ranged from 0.17 to 0.477 µg kg –1) and 9 

samples contained total FF+FFA residues well below the decision limit (CCα, 
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compliant samples) (Figure 3-4). None of the other analyzed samples showed residues 

of the targeted analytes at detectable levels (Figure 3-5). To find the actual amount of 

FF residues, the samples found positive for FF/FFA were also analyzed after whole 

tissue acid hydrolysis method [212] and the results are shown in Table 3.8. Hydrolysis 

converted all FF residues to FFA that which was analyzed on LC-MS in positive H-

ESI mode (Figure 3-6).  
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3.3.2.1.1.1  

Figure 3-4 SRM chromatograms of two random samples. Florfenicol 

and florfenicol amine detected in FSD-27 (A), and chloramphenicol in 

FSD-13 (B) 
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Figure 3-5 Representative chromatogram of FSD-2, no amphenicol 

drug was detected 
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Table 3.8 Florfenicol residues detected after multi-amphenicol solvent 

extraction process and whole tissue hydrolysis process. 

Sample  aFF residues after 

solvent extraction 

(µg/kg) 

FF residues after  

whole tissue 

hydrolysis (µg/kg) 

bPercentage of FF residues 

after solvent extraction  

(µg/kg)  

SHK-6 13.5 29.5 45.7 

SHK-2   8.7 19.9 43.5 

FSD-7 22.8 56.8 40.1 

FSD-12 18.5 49.4 37.5 

FSD-15   9.5 26.6 35.7 

FSD-27 32.8 68.7 47.8 

FSD-31 20.7 53.9 38.4 

LHR-13 15.4 46.5 33.4 

LHR-36 24.2 56.9 42.5 
a FF residues after simple solvent extraction (multi-amphenicol method) determined as combined FF+FFA 
b Over all percentage of combined FF+FFA residues after solvent extraction alone in comparison to FFA 

determined after acid hydrolysis 

 

 

 
3.3.2.1.1.2  

Figure 3-6 Florfenicol amine chromatograms. Whole muscle tissues 

hydrolyzed for complete conversion of all florfenicol residues to 

florfenicol amine 

3.4 Discussion  

3.4.1 Optimization of LC-MS Conditions for Simultaneous Analysis  

Different mobile phase compositions were used for the best separation of all the 4 

amphenicols. The mobile phases having ammonium acetate, formic acid, and 

ammonium hydroxide in water along with acetonitrile and methanol were tested. The 

mobile phase consisting of ammonium acetate was rejected due to the poor sensitivity 

for CAP as lot of interfering peaks were observed at the retention time of this banned 

drug. Formic acid in mobile phase gave good sensitivity for FFA, FF and TAP, but 

CAP could not be detected at MRPL. Acetic acid was not tested as it gave similar 

results to those already reported andexplained by Zhang et al.[138]. Ammonium 
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hydroxide in the mobile phase provided better sensitivity for all the analytes but the 

back pressure of the column rose too high and, therefore, was excluded from mobile 

phase. The mobile phase consisting of acetonitrile and water without any additive was 

finally tested at different gradients. FFA could not be eluted easily and peak 

broadening was observed if gradient started from 5 or 10 % acetonitrile. Only the 

gradient starting from 20 % acetonitrile gave relatively better results but still the 

chromatography was very poor for FFA. Considering the basic nature of FFA, a small 

amount of ammonium hydroxide was added into the final sample extract to keep this 

drug in un-ionized form during elution from C 18 column. The chromatography of 

FFA was subsequently improved and the sensitivity of the drugs was also fairly 

acceptable. Therefore, the gradient starting from 20 % acetonitrile was finally selected 

with addition of a small amount of ammonium hydroxide in sample mix (Figure 3-7). 
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Figure 3-7 Mobile phase gradient starting from 20 % acetonitrile, 

without ammonium hydroxide in sample (A), ammonium hydroxide 

in sample (B) 
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CAP, TAP and FF could not be protonated easily and those were detected in 

negative ionization mode whereas, FFA could easily be protonated and detected in 

positive ionization mode. Simultaneous analysis of all the 4 drugs therefore required 

polarity switching in the same run to give reasonable number of data points across 

each chromatographic peak during the LC-MS analysis for quantification. In this 

method, two segments were made in instrument method. The first segment with 

positive tune file was used for FFA and the second segment with negative tune file 

was meant for TAP, FF and CAP.  

All the compounds were analyzed in selected reaction monitoring mode 

(SRM) and for each compound at least three ions were selected (one parent ion and 

two daughter ions) to fulfill the criteria of IPs for a confirmatory method according to 

Commission Decision 657/2002/EC. Accordingly, each parent ion gets 1 point and 

each daughter ion gets 1.5 point. Thus a total of 4 IPs can be achieved for each 

analyte (1+1.5+1.5=4) and consequently, the requirement of 3 IPs for authorized 

drugs and 4 IPs for banned drugs is satisfied. CAP is a banned drug and its illegal use 

in veterinary requires strict monitoring. Therefore, three daughter ions were selected 

for this drug and two of them were used as confirmatory ions.     

Optimization of the MS conditions for tandem mass spectrometry like 

collision induced dissociation energy (CID), tube lens, sheath and auxiliary gases 

were achieved by directly infusing the 10 µg/ml analytical standards into the MS and 

also along with LC mobile phase using a T-connector at MS interface. Only those 

daughter ions that have higher intensities were selected. The MS2 chromatogram of 

FFA (m/z 248) had only one intense peak at m/z 230 and no other peak could be 

observed. Therefore m/z 230 was further dissociated to get more peaks for 

confirmatory analysis in MS3 transition (Figure 3-8). 
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Figure 3-8 Fragmentation patterns of amphenicols by direct infusion 

for CID optimization 

3.4.2 Sample Extraction and Clean-up Optimization  

Simultaneous extraction of the analytes having different polar nature is always a 

difficult job. Various methods for the simultaneous extraction of amphenicol drugs 

can be found in literature. Most of the methods include the addition of a base in the 

extraction medium along with organic phase, usually ethyl acetate and/or acetonitrile. 

The extraction of TAP, FF and CAP can be achieved with ethyl acetate as explained 

by many authors [144, 161, 200]. However, FFA, the major metabolite of FF in many 

species and marker residue for FF analysis, has alkaline nature and poorly extracted 

with ethyl acetate alone. Extraction of FFA, therefore requires higher pH values for 

phase partitioning [149, 158]. Ammonium hydroxide has been used by many authors 

for the simultaneous extraction of FFA along with other amphenicols [138, 158, 203]. 

In current study, various combinations of solvents as described by previous reports 

were evaluated. The method used by Xie et al.[158] was found to be the most relevant 

and simple to extract all amphenicols. It includes extraction with ethyl 

acetate/acetonitrile/ammonium hydroxide mix, followed by hexane wash and no 

further clean-up. Using this method it was observed that recoveries were very poor for 
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CAP and it could not be detected at MRPL. In fact, the extraction of CAP requires 

lower pH values as explained by Wang et al.[213]. In another trial, acetonitrile/1 % 

ammonium hydroxide in water was compared with ethyl acetate/1 % ammonium 

hydroxide in water. Recoveries were relatively better for FFA, TAP and FF with the 

first solvent mix as compared to basified ethyl acetate. However, CAP was not 

recovered more than 60 % in both the cases. A second extraction, separately with 

acetonitrile and ethyl acetate, was evaluated to recover CAP from the pellet left after 

first extraction. Ethyl acetate was found much better to recover most of the remaining 

CAP and rest of the drugs as compared to acetonitrile in second extract. Extraction 

with ethyl acetate after first basified acetonitrile extraction was, therefore, finalized to 

get almost 100 % recoveries for all the analytes.   

Dispersive solid phase extraction (dSPE) was used throughout for sample 

clean-up after hexane wash. dSPE is advantageous over conventional solid phase 

extraction as it is quick, simple and robust and do not require bunch of solvents to 

recover analytes from sorbents [161, 165]. Usually, the sample clean-up step is time 

consuming and the efficiency of the lab heavily relies on this step. Using current 

methodology at least 40 samples could easily be processed and analyzed in a single 

working day. 

3.4.3 Matrix Effects 

The matrix effects were substantial for FFA and it showed more than 90 % signal 

suppression. It was understandable because small amount of ammonium hydroxide 

was used in the sample mixture, which could have negative impact on the protonation 

of FFA during LC-MS/MS analysis. However, the presence of ammonia was 

necessary for the elution of FFA from chromatographic column and better peak 

quality. Nevertheless, the response was linear for the whole set of standards and RSD 

values for within-day and between-days validation runs were also quite good for FFA. 

The high negative matrix effects for FFA has also been reported by Fedeniuk et 

al.[201]. The author reported 85 % signal suppression in case of FFA, 66 % for TAP 

and FF, and 49 % for CAP. Alechaga et al.[163] reported no matrix effects for FFA 

and high signal suppression in case of FF and CAP. The presence of acid or base in 

mobile phase modifiers can have positive or negative impact on the ionization of 

analytes in ESI mode and consequently enhances or reduces the matrix effects. TAP, 

FF and CAP are detected in negative ionization mode and presence of acid in the 
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mobile phase significantly decreases the intensity of negative ions and enhances the 

matrix effects. On the other hand, acid helps the protonation in positive ionization 

mode and matrix effects are significantly cut down [163]. In current study, as 

ammonium hydroxide was used in the sample mix that helps in de-protonation of 

TAP, FF and CAP in negative ionization mode, minimum matrix effects were 

observed for these drugs. 

3.4.4 Application of the Method 

Incurred Sample Analysis 

Incurred samples of the chicken that had been given FF and CAP were successfully 

analyzed through this optimized method, which shows the applicability of the method 

to analyze all the 4 drugs in a single run. It should be noted that FFA was also 

detected in the incurred samples as FF is metabolized to FFA, the major metabolite of 

FF in many species and the marker residue for the analysis of FF.  

Surveillance Study for Amphenicol Residues 

The analysis of field samples showed the occurrence of chloramphenicol (CAP) and 

florfenicol (FF) residues in 11% samples. Our previous study on method development 

for FF analysis as FFA in chicken muscles [212] has proved that most of the FF 

residues can only be extracted if the tissues are acid hydrolyzed before extraction. 

Hydrolysis converted all FF residues to FFA, which was analyzed on LC-MS in 

positive H-ESI mode. Again, none of those samples showed residues above decision 

limit (CCα) (Table 3.8). From these results, it was also found that about 55-70% FF 

residues remained bound with tissues and only extracted after acid hydrolysis [165, 

212]. A ‘lower threshold’ of 40 µg/kg was, therefore selected for routine screening of 

FF residues using multi-amphenicol method.  

 The presence of CAP at very low concentration levels has also been reported 

in aquaculture, honey and milk from China, Vietnam and Slovenia [7, 190, 214]. 

However, the European regulations do not allow the presence of CAP even at low 

levels and demand that the imported food products should be free from CAP. The 

current study hints the two possible sources of CAP in random samples; it is either 

coming due to illegal usage in poultry farms or it is entering to the food chain from 

natural sources.   
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 Several studies have demonstrated the natural formation of CAP by 

Streptomyces venezuela in soil. This in turn is taken up by crops and plant material 

like wheat stems and corn stalks can be contaminated with CAP [215]. Thus the 

exposure of food animals to naturally occurring chloramphenicol cannot be ignored. 

Chloramphenicol occurrence in animal feed like straw, herbs and grasses has been 

reported in a number of European Member States [216].  European Food Safety 

Authority (EFSA) Panel on Food Safety and Contaminants (CONTAM) was assigned 

to provide guidance and procedures about various categories of non-allowed 

pharmacologically active substances (exclusive of some naturally occurring 

substances like CAP). However, EFSA was requested from European Union to 

provide a scientific opinion about CAP, considering all the possible toxicological 

relevance and exposure levels of farm animals to this drug through feed, which could 

result in an unacceptable level of this substance in animal food products. The 

CONTAM Panel considered that the compound feed used in poultry and pigs could be 

the possible source of chloramphenicol exposure to these animals at various levels.      

The national residue monitoring plans of Member States in European Union has also 

reported 306 samples from pigs, poultry, bovine, aquaculture, sheep, honey and milk 

to be non-compliant for CAP during the period from 2002 to 2012 [216]. Based on the 

aforementioned facts, low levels of CAP determined in the current study, might be 

due to the contamination occurring from natural sources or it is being illegally used in 

the poultry farms. 

 This is the first confirmatory study in Pakistan identifying the presence of 

CAP in broiler chicken meat. Further studies precisely focusing on the possible 

sources of CAP, may be required to investigate whether illegal use of CAP is still 

being practiced on poultry farms or it is entering via feed/water from natural 

production of soil bacteria? Moreover, in future studies, this method will be applied to 

cover the sample analysis throughout the Pakistan to get a comprehensive data, to 

guide food regulatory authorities. 

3.5 Conclusion 

An efficient and reliable LC-MS based confirmatory method was developed for the 

simultaneous analysis of all amphenicols in chicken muscles. It was possible to detect, 

identify and confirm the banned CAP and other three amphenicols at very low levels, 

far below their validation levels. The analytes were extracted using liquid-liquid 
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extraction and further cleaned up with dispersive solid phase extraction (dSPE). The 

method was validated according to the European Commission Decision 657/2002/EC. 

All the performance characteristics were successfully fulfilled. The proposed method 

was successfully applied for the detection of amphenicol residues in various chicken 

samples from three cities of Punjab, Pakistan. The use of this simple method is 

advantageous so as to reduce the number of samples for lengthy acid hydrolysis 

method in case the FF residues are detected to be below a threshold level. On the 

basis of these results it is concluded that the proposed method can be used for the 

routine analysis of multi-amphenicols in chicken muscles. 

 



 

 

 

4 Development of an LC-MS/MS Based 

Multiclass Method for the Analysis of 

Antibiotic Drug Residues in Chicken Meat 

4.1 Introduction 

Large numbers of broad-spectrum antibiotics are being used in veterinary practice to 

fight against various microorganisms. The important classes may include: penicillins, 

cephalosporins, tetracyclines, quinolones, macroloids, lincosamides, pleuromutilines 

and sulphonamides. Most antibiotics are mainly used to treat bacterial infections. 

Additionally, they are also used as growth promoters in livestock animal production 

[217]. Penicillins and cephalosporins are β-lactam antibiotics and grouped together. 

Both of them, contain side chains attached to 7-aminocephalosporanic acid or 6-

aminopenicillanic acid nuclei, respectively [218]. The important members of this 

group are amoxicillin, ampicillin, penicillin V, penicillin G and cloxacillin. EU has set 

MRLs for all β-lactam antibiotic drugs in main food producing species with the 

exception to eggs. No MRL is set for any penicillin or cephalosporin drugs in eggs 

and several penicillins are listed in 2010/37/EU as ‘not for use in animals from which 

eggs are produced for human consumption [150]. Tetracyclines (TCs) are broad-

spectrum antibiotics class that includes: tetracycline (TC), oxytetracyclin (OTC), 

chlortetracycline (CTC) and doxycycline (DC). In mass spectrometric analysis except 

for DC, all TCs give [M + H – NH3]+ and [M + H – NH3 – H2O]+ as product ions 

[219]. Their MRLs in animal tissues and milk is based on sum of parent drug and 

their 4-epimers (except for DC) which is set at 100 µg/kg for all species [150].  

Macroloids and lincosamides along with streptogramines are structurally 

unrelated compounds but grouped in a single class due to their similar mode of action 

[220]. Macroloids are composed of macrocyclic lactone rings (may contain 12, 14 or 

16 rings) to which amino and neutral sugars are attached. Lincosamides is a group of 

few antibiotics that contain a proline residue attached to galactoside ring by peptide 

bond [220]. Quinolones and fluoroquinolones are also broad spectrum antibiotics used 

against various infections in humans and veterinary [221]. Nalidixic acid is the oldest 

member of this group, but it has limited activity against Gram-negative 
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microorganisms. Fluoroquinolones have been recently introduced as a result of their 

wide spectrum activity [218]. Most of the macroloids and quinolones are not licensed 

for poultry usage but their MRLs have been established for other species in EU [150]. 

Sulphonamides and trimethoprim are widely used in many foods producing animal 

species against various infections and as growth promoters. Sulphonamides 

chemically contain p-aminobenzenesulphone moiety and exhibit common 

fragmentation pattern in ESI-LC-MS/MS [222]. Trimethoprim is a dihydrofolate 

reductase inhibitor and usually prescribed with sulphonamides due to synergic 

antibiotic activity with these drugs [223]. MRLs of sulphonamides in all food 

producing species have been set at 100 µg/kg in EU [150]. Dapsone is banned  and 

recommended concentration for this drug (MRPL) is 5 µg/kg [224]. Pleuromutilines 

is naturally occurring group of antibiotics (produced from fungus) first discovered in 

1950. The semi-synthetic derivatives of pleuromutilines are tiamulin and valnemulin, 

which have been  used exclusively in veterinary [225]. Only tiamulin is licensed for 

poultry and the marker residue for tiamulin is hydroxymutilin with MRL of 100 µg/kg 

in chicken muscles [150].  

The excessive use of veterinary drugs has huge impact on the effectiveness of 

human medicines, as many bacterial species have become resistant to common 

antibiotics. To reduce the risk of toxicological effects in humans, it is necessary that 

the analytical methods used for the determination of veterinary drugs, should be 

capable to detect at or below their MRPL/MRLs [122]. In European Union, the use of 

veterinary drug is strictly controlled and routine sample testing is conducted under 

‘National Residue Plan’ in accordance with European legislations [105, 226]. The 

samples, found positive during preliminary testing through various screening 

bioassays, pass on for further confirmatory analyses   usually with LC-MS/MS, 

involving long analysis time and human resources [105].  The use of LC-MS/MS 

based multi-class multi-residue methods are more efficient, need less resources,  short 

analysis time as compared to double step strategy to confirm a drug residue and hence 

they seem cheaper.  

The same two step methodology is also being applied in Veterinary Science 

Division (VSD), Agri-Food and Biosciences Institute (AFBI), Belfast, North Ireland, 

UK. The following work is the part of their future plan of using LC-MS/MS based 
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screening to analyze incoming samples in order to reduce the cost and time of sample 

analysis.   

The aim of the present work was to develop an LC-MS/MS based multi-class 

multi-residue method to screen, confirm and quantify 68 antibiotics from the above-

discussed six antibiotic classes in chicken muscles according to the guidelines of 

Commission Decision 2002/657/EC [36]. The effort was made to cover maximum 

number of antibiotics from each class being routinely used in EU for veterinary 

practice. There are many antibiotics among these classes that are not licensed for 

poultry. The level of validation for unlicensed drugs was kept below their MRLs in 

other species to check the misuse of these drugs in poultry. The advantage of the 

developed method is that it covers the determination of more of the antibiotics 

belonging to above discussed six classes as compared to any other QqQ based LC-

MS/MS method found in literature. In this way the method provides the advantage for 

complete surveillance of these compounds in poultry meat. Most of the published 

methods [113, 115, 118, 122, 227] deal with only fewer numbers of drugs from each 

class and as such have limited application from surveillance point of view. The 

methods reported by Schneider et al.[114], Robert et al.[123] and Gaugain-Juhel et 

al.[107], though covered most antibiotics from all these six antibiotic classes but 

mainly limited to qualitative analysis. The extraction procedure adopted by Robert et 

al.[123] and Gaugian-Juhel et al.[107] are tedious and do not involve additional 

clean-up steps to eliminate matrix entities. Schneider et al.[114] proposed simple 

extraction and clean-up procedure but obtained poor recoveries for some analytes. An 

efficient, simple and reliable LC-MS/MS based qualitative and quantitative method 

was needed that can analyze all the drugs related to most extensively used antibiotic 

classes in veterinary applications. For high sample throughput, it is essential that the 

method should be simple and quick to scrutinize maximum number of samples in 

short time.  

We adopted and optimized a simple acetonitrile: water based extraction and 

clean-up with dispersive solid phase extraction (dSPE) steps, which ensures the low 

cost and effectiveness of the method. Core-shell bi-phenyl column was selected to 

achieve chromatographic separation of all the analytes on HPLC before they reach to 

QqQ mass analyzer.  The purpose of the present study was to simultaneously screen, 
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confirm and quantify positive findings around the MRLs for licensed drugs and at 

lowest possible concentration levels for un-licensed drugs in poultry muscles.           

4.2 Materials and Methods 

4.2.1 Apparatus Required 

The apparatus used for the methodology development included analytical balance (5 

decimal points), top pan balance, screw capped plastic centrifuge tubes 50 ml, 

graduated cylinders 250 ml, volumetric flasks 10 ml & 20 ml,  graduated pipettes 10 

ml & 25 ml, Pasteur pipettes, Chromacol round-bottomed micro vials or Waters 2ml 

vials, amber vials 25 ml, homogenizer, (Silverson heavy duty laboratory mixer), 

refrigerated centrifuge, adjustable piston-operated pipettes covering the range 25 – 

1000μl, turbovap sample concentrator, VWR multi-tube vortexer, borosilicate glass 

centrifuge tubes 16 x 100 mm, eppendorf vials 1.5 ml, eppendorf centrifuge, vacuum 

pump with waste reservoir and Schott bottles 250ml, 500ml.  

4.2.2 Chemicals and Reagents 

The chemical reagents and solvents used for the sample extraction and 

chromatographic analysis were of analytical or LC-MS grade. Acetonitrile and formic 

acid  was purchased from Fisher Scientific (Leicestershire, UK), Ethyl acetate from 

Sigma Aldrich (Dorset, UK), n-Hexane from Rathburn (Stratlab; Cambridgeshire, 

UK), and methanol from Romil (Cambridge, UK). LC-MS grade water (18.2MΩ.cm) 

used throughout, was obtained from an in-house ELGA PURELAB® water 

purification system (UK). Sepra™ C 18-E (50 µm, 65A) was obtained from 

Phenomenex (USA) and BAKERBOND® octadecyl C-18 (40 µm) was obtained from 

Avantor (USA).  

4.2.3 Preparation of Reagent Solutions for HPLC 

HPLC Mobile Phase A (0.1 % Formic Acid in Water)  

 LC-MS grade water (200 ml) was placed into a 250 ml measuring cylinder and 250 

μl of formic acid was added using a pipette. The volume was made up to the 250 ml 

mark with de-ionized water. The solution was capped and mixed thoroughly. For 

HPLC strong needle wash (90 % methanol), 450 ml methanol was placed in 500 ml 

bottle followed by the addition of water to make up the volume. The solution was 

capped and mixed thoroughly.  
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4.2.4 Stock Standard Solutions 

The antibiotic standards used in the study, were obtained from Sigma-Aldrich 

(Gillingham, Dorset, UK), Witega (Berlin, Germany) and Pfizer (Havant, UK).  68 

analytical standards in total from six antibiotic classes were used in this study. The 

antibiotic classes included penicillin and cephalosporins (15 compounds), 

tetracyclines (4 compounds), quinolones (12 compounds), macroloids and 

lincosamids (11 compounds), sulphonamides (23 compounds), pleuromutilines (2 

compounds) and trimethoprim. Internal standards used were D7-pen G, methacyclin, 

D8-ciprofloxacin, D5-oxolinic acid, roxithromycin, D8-dapson, and 13C6-

sulphadiazine. Individual stock solutions of each analyte (1 mg/ml) were prepared by 

dissolving 10 mg nominal weight in LC-MS grade solvents. Tetracyclines, 

quinolones, macroloids and lincosamides, pleuromutilins and sulphonamides were 

prepared in methanol, penicillin and cephalosporins were prepared in 50/50 (v/v) 

methanol/water mix. Stock solutions of nalidixic acid and flumequin were prepared 

by first dissolving standard powders in little amount of methanol (drugs partially 

dissolved) and later adding 250 µl 1M NaOH  to completely dissolve the analytes 

before making up the volume with methanol. Before making stock solutions, 

corrections were made (where applicable) for the purities of standard, salts and water 

of crystallization. The required masses of standard powders to make stock solutions 

were calculated using the following formula; 

Mass (mg) = Nominal mass
    (10 mg)

x
100

% purity
x

M.Wt of compound + Water of Cyst

M.Wt of compound

x Salt correction

      (4-1) 

The policy in Chemical Surveillance Branch (CSB), VSD, AFBI (AFBI, 

Belfast, North Ireland, UK) was to correct for water of crystallization only and not 

adherent water. This is normally stated in the molecular formula on the certificate of 

analysis. However, in some cases the formula does not state water of crystallization 

but a Karl-Fischer or similar value for water content is provided. In that case, it was 

calculated and if the stated value equated to molar water content, a correction was 

applied.     

Secondary and Tertiary Standard Solutions and Spiking Mixes 

The secondary and tertiary standards were prepared from stock standard solutions 

which were later used for the preparation of spiking mixes. Two spiking mixes were 

prepared by appropriate dilution of secondary or tertiary standards according to the 
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MRLs for chicken muscle or selected validation levels for un-licensed drugs. Spiking 

mix A contained: tertracyclines, quinolones, macroloids, lincosamides, 

pleuromutilins, sulphonamides, and trimethoprim in methanol, whereas mix B only 

had pencillins and cephalosporins in 50/50 (v/v) methanol/water. Internal standard 

spiking mixes were prepared at 5 µg/ml concentration (except D8-dapsone at 0.05 

µg/ml) in 75/25 (v/v) methanol water by dilution of tertiary internal standard solution.   

4.2.5 Instrumentation 

High-performance Liquid Chromatography 

The LC analysis was performed using Agilent 1200 HPLC system (Agilent 

Technologies, Böblingen, Germany) equipped with an automatic degasser, a binary 

pump and an auto-sampler. The chromatographic separation was obtained on 

Raptor™ Biphenyl core-shell column (100 x 2.1 mm, 2.7 µm) from Restek (Dublin, 

Ireland) with inline filter (0.5 µm porosity). The LC mobile phase used for gradient 

elution was (A) 0.1 % formic acid in water and (B) methanol. Sample compartment 

temperature was set at 10 °C and column temperature at 40 °C. The injection volume 

was 5 µl and total run time of single analytical run was 14 minutes. The gradient 

conditions for LC separation are given in Table 4.1. Blank injections of 50 % 

methanol were run between the samples to reduce the carry over.  Methanol (90 %) 

was used as needle wash after each injection. 

Table 4.1 HPLC gradient conditions for the separation of multiple 

antibiotics 

Step Time 

(minutes) 

Flow rate 

(ml/min) 

0.1 % formic acid  

(A) 

Methanol  

(B) 

0 0.00 0.4 95.0 5.0 

1 0.5 0.4 95.0 5.0 

2 7.5 0.4 10.0 90.0 

3 9.5 0.4 10.0 90.0 

4 10 0.4 95.0 5.0 

5 14 0.4 95.0 5.0 
  

Mass Spectrometry  

Mass spectrometry was performed on API 4000 triple quadrupole mass spectrometer 

(AB Sciex, Canada) in positive electrospary ionization (ESI+) mode. The antibiotic 

drugs were analyzed in MRM mode in single acquisition experiment mode. At least 

two MRM transitions were monitored for each compound to give four identification 
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points (IPs) in compliance with Commission Decision 657/2002/EC. However, in 

case of the sulphonamides, three MRMs were monitored due to the presence of 

isobaric transitions for most of these compounds (Figure 4-1).  

H3N S

O

O

N R

H

H2N SO2

H2N O
N

m/z: 156

m/z: 108
m/z: 92

 

Figure 4-1 Common fragmentation pattern of sulphonamides adopted from 

Dasenakai et al.[228] 

The mass spectrometer parameters were optimized both by direct infusion of 

2-10 µg/ml standard solutions (prepared in LC mobile phase) at a flow rate of 10 

µl/min through syringe pump and also via LC injections using zero dead volume T-

connector. Total ion chromatogram (TIC) of solvent standard at 1 x validation level is 

shown in Figure 4-2. It was time consuming to run each analyte separately, so various 

mixes having 5-7 standard solutions in one mix, prepared from secondary or tertiary 

standards were made before starting MS optimization. Most of the sulphonamides 

showing isobaric transitions were run individually. The following general parameters 

used were: turbo ion spray voltage 5.5 kV; source temperature 400 °C; curtain gas 30 

psi; ion source gas 1 (nebulizer gas) 30 psi, and ion source gas 2 (auxiliary gas), 35 

psi. The most intense transitions were monitored to serve as quantitative ions and 

secondary intense transitions were used to calculate ion ratios. The dwell time of 20 

ms was set for each MS/MS transitions.  Table 4.2 shows the specified acquisition 

parameters for MS/MS optimization and retention times for all antibiotic drugs 

discussed in this research work. It should be noted that the adduct ion for 
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tulathromycin [M+2H]+2 was also monitored during LC-MS/MS analysis in addition 

to tulathromycin [M+H]+. The LC flow was diverted to drain after 9.5 minutes.
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Figure 4-2 Total ion chromatogram (TIC) of solvent standard at 1 x Validation level 



Chapter 4: Development of an LC-MS/MS Based Multiclass Method 

 

110 

 

Table 4.2 Mass spectrometer parameters of 68 antibiotics along with internal standards and retention times (RT) 

Analyte Precursor ion 

(m/z) 

Products  1/2/3  

(m/z) 

DP 

(V) 

CE 

(eV) 

CXP 

(V) 

RT 

(min) 

Penicillin & cephalosporin       

Penicillin V 351 160.3/113.8 75 20/43 14/20 7.9 

Cefoperazone 646.5 530.5/142.9 102 17/53 16/10 7.4 

Cefazolin 454.7 323.1/156.2 55 16/22 10/13 6.5 

Cefapirin 423.9 291.8/364 63 22/14 9/14 5.1 

Cefalonium 459 152.1/337.5 60 27/15 26/10 5.1 

Cefalexin 348 158.1/191.1 62 12/11 14/12 5.6 

Cefquinome 529.5 134/396.1 66 21/18 24/13 5.9 

Ceftiofur 524.1 240.7/395.8 80 25/22 15/11 7.7 

Oxacillin 402.4 160.1/243.2 78 17/19 12/10 8.1 

Dicloxacillin 470.5 160.2/311.2 74 15/20 14/10 8.6 

Amoxicillin 366.1 208.1/114.4 55 18/25 12/20 2.9 

Ampicillin 350.3 105.9/192.2 74 27/20 20/12 4.9 

Penicillin G 335.5 159.9/176.4 60 19/23 15/12 7.4 

Cloxacillin 436.1 178.1/220.2 120 33/25 12/15 8.3 

Nafcillin 415.4 199.4/171.2 70 21/47 12/10 8.6 

D7-Penicili G (IS) 342.5 159.9 60 19 15 7.5 
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Tetracyclines       

Oxytetracycline 461.3 426.2/443.4 62 27/19 11/13 5.3 

Chlortetracycline 479.2 462.1/444.4 66 29/24 11/12 6.5 

Tetracycline 445.3 427.2/410.5 58 19/28 13/11 5.5 

Doxycycline 445.2 321.1/154.2 66 44/44 8/9 6.7 

Methacycline (IS) 443.2 426/201 71 25/47 14/12 6.5 

Quinolones       

Marbofloxacin 363.1 71.9/320.1 81 49/23 4/9 5.3 

Ciprofloxacin 332.1 288.1/245 81 25/33 8/16 5.6 

Norfloxacin 320.1 276.1/233.1 76 25/35 8/6 5.2 

Danofloxacin 358.1 314/283.1 91 27/33 8/8 5.6 

Enrofloxacin 360.3 316.2/245.1 81 29/37 8/6 5.9 

Sarafloxacin 386.2 342/299 81 27/37 10/8 6.3 

Difloxacin 400.1 356.2/299.2 76 29/40 10/10 6.3 

Oxolinic acid 262.1 244/160.1 51 25/53 6/10 8.1 

Nalidixic acid 233.2 215.1/187.1 50 20/36 5/10 8.6 

Flumequine 262.11 244/202.2 56 20/47 6/12 7.9 

Pefloxacin 334.2 290.2/233 76 26/35 15/15 5.3 

Ofloxacin 362.2 318.2/261.2 80 27/38 10/15 5.4 

D8-Ciprofloxacin 340.1 296.1 51 25 6 5.6 
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D5-Oxolinic Acid 267.1 249.1 81 25 8 8.1 

Macroloids & lincosamides       

Spiramycin 422.5 174.2/145 30 35/25 10/8 6.2 

Gamithromycin 389.5 619.6/158.1/115.1 50 19/34/20 18/12/10 6.2 

Tilmicosin 869.9 696.5/174.2 154 55/61 20/10 6.6 

ErythromycinA 734.4 158.2/576.3 56 51/35 8/32 7.1 

Tylosin 1 916.5 174.2/772.4 80 70/46 10/10 7.5 

3-O-Acetyltylosin 958.7 174.1/814.5 120 60/43 14/14 7.7 

Josamycin 828.5 109.2/174.3 80 90/60 8/8 7.9 

Tylvalosin 1042.8 174.1/814.5 120 58/45 14/14 8.2 

Tula [M+H] 806.8 577.4/230.2 110 34/41 20/10 4.9 

Tulathromycin [M+2H] 403.7 577.4/158.3 60 24/35 34/8 4.8 

Lincomycin 407.4 126.2/359.4 78 38/26 10/10 4.1 

Pirlimycin 411.2 112/363.2 85 38/24 9/10 6.1 

Roxithromycin (IS) 837.7 679.4 80 29 12 7.8 

Pleuromutilin       

Valnemulin 565.5 263.1/164.1 115 25/43 8/12 7.7 

Tiamulin 494.2 192.1/119/163.1 120 29/55/45 10/10/12 7.4 

Sulphonamides       

Sulphaguanidine 215.1 156/92/108 55 20/33/29 12/6/8 1.9 
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Sulphathiazole 256 156/92/108 50 20/39/33 12/6/8 5.2 

Sulphisomidine 279.1 185.9/124.1/92 65 25/35/40 14/8/6 6.3 

Sulphamoxole 268.1 156/92/113.1 50 20/43/25 12/6/6 6 

Sulpanilamide 173.1 92/108/156 50 25/20/10 6/8/12 1.9 

Sulphacetamide 215.101 156/92/108 50 13/30/27 12/6/8 3.8 

Sulphapyridine 250.1 156/92/108 50 23/40/35 12/6/8 5.3 

Sulphamerazine 265.1 156/92/108 50 23/40/37 12/6/8 5.7 

Sulphadoxine 311.11 156/92/108 70 25/45/40 12/6/8 6.5 

Sulphamethizole 271 156/92/108 50 18/40/36 12/6/8 6 

Sulphamethoxypyridazine 281.1 156/92/108 75 23/43/36 12/6/8 6.3 

Sulphachloropyridazine 285.1 156/92/108 55 20/40/35 12/6/8 6.3 

Sulphamethoxazole 254.1 156/92/108 60 20/35/30 12/6/8 6.1 

Sulphadimethoxine 311.1 156/92/108 75 27/45/40 12/6/8 6.9 

Sulphadiazine 251 156/92/108 30 20/40/35 12/6/8 5.1 

Dapsone 249 156/92/108 70 20/32/30 12/6/8 5.9 

Sulphamethazine 279 156/186/108 50 27/25/38 12/12/8 6.2 

Sulphaquinoxaline 301 156/92/108 60 23/40/40 12/6/8 7.1 

Sulphamonomethoxine 281 156/92/108 50 25/40/35 10/6/8 6.1 

Sulphisoxazole 268 156/92/108 55 20/40/35 10/6/8 6.2 

Sulphabenzamide 277 156/92/108 55 19/40/33 10/6/8 6.5 
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Sulphatroxazole 268 156/92/108 70 23/43/35 10/6/8 6.2 

Sulphameter 281 156/92/108 75 23/43/36 10/6/8 6.1 

13C6-Sulphadiazine 257 98.1 30 40 6 5.1 

Trimethoprim 291.1 230.2/123.1/261 70 25/45/40 15/10/16 4.9 
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4.2.6 Sample preparation 

Negative Samples 

Negative avian muscles were used during the method development and validation 

studies. The muscles had already been confirmed negative through six-plate microbial 

inhibition assay in screening lab. The sample code numbers were 1302195, 1302195, 

1302991, 1407626, 1407637, 1406980 and 1407140 received from Republic of Chile 

for aminoglycosides testing. The meat samples were ground and minced using a 

laboratory blender and stored in plastic sampling bottles separately at -20 °C until 

analysis began. The samples were removed from freezer, defrosted at room 

temperature and mixed thoroughly before analysis. 

Sample Extraction   

Aliquots of 2 gram were weighted in 50 ml polypropylene centrifuge tubes and 40 µl 

of internal standard solution mix at concentration of 5 µg/ml (dapsone; 0.05 µg/ml), 

was added to each tube. Selected negative samples for the evaluation of recovery, 

were also fortified with the same amount of internal standard mix. Recoveries were 

fortified with specific amounts of spiking solution mix A and B at this stage (see 

Table 4.3 for volume used for spiking). 

Table 4.3 Required volumes (µl) of spiking and internal standards 

mixes for matrix standards and three validation levels 

Matrix Std 

level 

Volume Std 

Spike Mix A 

(µl) 

Volume Std 

Spike Mix B 

(µl) 

Internal 

Std Mix 

(µl) 

Volume Std 

Spike Mix A + B 

Validation (µl) 

B 25 25 40  

C 50 50 40 50 (Level I) 

D 100 100 40 100 (Level II) 

E 150 150 40 150 (Level III) 

F 300 300 40  
  

Negative samples for matrix matched standards, were processed without the 

addition of any standard solution at this stage. The sample tubes were allowed to 

stand for 20 minutes to equilibrate before proceeding. LC-MS grade water (2 ml) and 

acetonitrile (12 ml) were added to each tube, hand shaken and vortexed on multitube 

vortexer for 1 minute to dislodge the pellet. The samples were then homogenized for 

1 minute and centrifuged for 10 minutes at 3500 rpm (10 °C). The supernatant was 

transferred to another 50 ml tube pre-weighted with 0.5 gram Sepra C-18 dispersive 
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sorbent and the pellets were re-extracted with water (1 ml) and acetonitrile (6 ml). 

The second extract was also mixed with the first extract and the tubes were vortexed 

for 1 minute for the dispersion of C-18 sorbent. The samples were then centrifuged 

for 10 minutes at 3500 rpm.  The extracts were dried under nitrogen at 40 ± 3 °C in 

borosilicate glass centrifuge tubes (16 x 100 mm), until less than 1 ml solvent extract 

was left in each tube. At this stage the matrix standards were fortified with the 

specified volumes of the spiking standards shown in Table 4.3. The level of each tube 

was adjusted to 1 ml with water (drop-wise addition with Pasteur pipette) followed by 

the addition of 1 ml methanol to each tube. The tubes were put in ultrasonic bath for 1 

minute to completely dissolve the constituents.  

To carry out the hexane wash, 1 ml n-hexane was added to each tube, 

vortexed, centrifuged for 5 minutes at 2000 rpm and hexane layer was aspirated to 

drain under vacuum. The samples were then transferred to LC vials or poured in to 

1.5 ml eppendorf tubes and stored in freezer if LC-MS analysis was not possible the 

same day. 

4.2.6 Method Validation 

The method was validated according to Commission Decision 657/2002/EC [36] in 

chicken muscles for three days. On each validation day, 29 aliquots of negative 

chicken muscle (2 g each) were weighted into separate 50 ml polypropylene 

centrifuge tubes. The validation was done at three levels i.e. 0.5, 1 and 1.5 times the 

MRL/MRPL or other selected levels for validation in case of un-licensed drugs for 

poultry meat. As for un-licensed drugs, no MRLs have been established for poultry 

meat, a value of 50 µg/kg was taken for validation in current method. Dapsone, being 

a banned drug was validated at MRPL (5 µg/kg). Recovery samples were spiked with 

specified volumes of spiking standard mixes (mix A and B) at three levels with seven 

tubes spiked at each level (Table 4.3). Fixed amount of internal standard mix (40 µl) 

was also added to each recovery tube. Out of the remaining nine tubes, three were 

used as negatives and spiked with only 40 µl of internal standard. The remaining five 

tubes were used to make matrix calibrants and nothing was added to these tubes at 

this stage. The calibration range covered the 0.25, 0.5, 1, 1.5, and 3 times the 

validation level for each drug. Matrix standards were spiked with spiking standard 

mixes (mix A, B and Internal standards) just after drying and before leveling to 1 ml 

with water. 
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The parameters calculated from the validation studies were: specificity, ion 

ratios, linearity, matrix effects, precision and accuracy, decision limit (CCα) and 

detection capability (CCβ).  

Selectivity and Specificity 

To establish the selectivity/specificity of the method, negative chicken muscle 

samples fortified with all antibiotic standards and non-fortified samples were run on 

LC-MS/MS. Additionally, the blank chicken extracts (negatives) were also analyzed 

during the recovery evaluation and validation studies. The confirmatory criteria were 

fulfilled through ion ratio calculation by comparing the quantifier ions and 

confirmatory ions. 

Linearity  

The linearity of the chromatographic response was estimated through matrix matched 

calibration curves run on each day during recovery estimation and validation studies. 

The response was tested at 5 calibration points. The calibration standards were 

prepared in such a way that they can cover the range from 0.25 to 3 times the 

validation level for each drug. The calibration curves were prepared by plotting the 

peak area as a function of the analyte concentration. Only for those drugs, where 

internal standard was used, the calibration curves were prepared by comparing the 

area of the analyte to the area of the internal standard. The regression co-efficient (R2) 

was used to assess the linearity of the response. 

Matrix Effects   

The matrix effects were estimated at 0.5, 1 and 1.5 x validation level for each analyte 

by comparing the peak area of the analyte in matrix and in mobile phase solvent. The 

matrix effect (ME) was calculated as % ME using the following formula: 

                          % ME = B – A/A* 100                                (4-2) 

Where A is the peak area of the solvent standard and B is the peak area of the matrix 

standard. A positive value indicates signal enhancement and negative value indicates 

signal suppression.  

Precision and Accuracy 

The accuracy was determined as % age recovery and calculated at three spiking 

levels. Matrix matched calibration curve was used to calculate the recovery of the 
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analytes. Relative standard deviation (% RSD) was used to estimate the intra-day and 

inter-day variations. 

Decision limit (CCα) and Detection Capability (CCβ) 

Calibration curve procedure was used to calculate these parameters. In this procedure, 

negative chicken muscles are fortified around the validation levels in equidistance 

steps (0.5, 1 and 1.5 x VL) and analyzed. After identification the signals where plotted 

against the added concentrations. The data from precision experiments were used to 

calculate the decision limit (CCα) and detection capability (CCβ) according to ISO 

11843-4 [181] using Excel Spread Sheet developed at AFBI (Belfast, UK). For MRL 

substances, CCα was calculated with statistical certainty of 1– α (α = 5 %), whereas 

CCβ was calculated with statistical certainty of 1 – β (β = 5 %). All other drugs 

whether unlicensed or prohibited, the CCα was calculated with statistical certainty of 

1 – α (α = 1 %).  

4.3 Results 

The method was developed to provide optimum sensitivity for all the analytes in the 

MRM mode, resulting in a simple, reliable and rapid multi-residue method for the 

simultaneous extraction and determination of veterinary drugs from six different 

classes in chicken muscle tissue. This approach thus allows the quantitative analysis 

of a large number of compounds in a single extraction step with one chromatographic 

run. Figure 4-3 represents the extracted MRM chromatograms for each drug class and 

selected compounds at 1 x validation level.  Acceptable results regarding analyte 

recovery, linearity of the method and precisions were achieved according to 

Commission Decision 2002/657/EC for almost all investigated veterinary drugs. 

Parent masses of three sulphonamides i.e. sulphamoxole, sulphisoxazole and 

sulphatroxazole are similar in addition to shared transitions. They could only be 

identified on the bases of retention times with triple quadrupole mass spectrometer as 

it works at unit resolution. However, two sulphonamides i.e. sulphisoxazole and 

sulphatroxazole could not be correctly identified using this proposed method because 

they were not resolved (Figure 4-4).  
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Figure 4-3 continued 
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Figure 4-3 Extracted MRM chromatograms. Penicillins and 

cephalosporins (A), tetracyclins (B), quinolones (C), macroloids and 

lincosamides (D), sulphonamides (E), trimethprim (F) 

 

Figure 4-4 Total ion current and extracted MRM chromatograms. 

For sulpacetamide (A), sulphamoxole (B), co-eluted peaks of 

sulphisoxazole and sulphatroxazole (C)    
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4.3.1 Method Validation 

Selectivity and Specificity 

The selectivity/specificity of the method was very good in MRM mode.  Negative 

chicken samples were run along with spiked samples and it was found that the matrix 

was free from interference at the retention time of the analytes. Negative muscle 

samples were also run while performing the validation experiments to verify the 

specificity. 

The ion ratios were determined by comparison of MRM transitions in spiked 

control samples used for the evaluation of recovery against matrix matched standards. 

According to Commission Decision 2002/657/EC, two MRMs are required for each 

analyte to meet the identification criteria for quantitative confirmation.  Ion ratios 

were calculated directly by Analyst® 1.5 software (AB Sciex) from peak area of the 

qualifier ion and quantifier ion. The number of identification points (IPs) required for 

legal compounds is 3 and for banned compounds it is 4. In our study each compound 

got at least 4.5 IPs (1 precursor ion and 2 product ions), thus the requirement of IPs 

for confirmatory analysis was successfully fulfilled. The ion ratios for each analyte 

observed in this study were also well within the tolerance limits set by 2002/657/EC 

(Table 4.4). 
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Table 4.4 MRM ion ratios qualifier ion/quantifier ion with % RSD and % matrix effects (% ME) at 3 validation levels (VL) 

Analyte Mean ion ratios % RSD Tolerance limit 

(2002/657/EC) 

 Matrix effects  

(% ME)a,b 

 

0.5 x VL 1 x VL 1.5 x VL 

Penicillin & cephalosporin       

Penicillin V 0.35 4.7 25 23 15.6 12.8 

Cefoperazone 1.38 5.4 20 -15.6 -12.5 -13 

Cefazolin 0.38 6.9 25 5.9 3.5 8.9 

Cefapirin 0.34 5.3 25 1.7 7.3 2.7 

Cefalonium 0.51 6.1 20 44 36 56 

Cefalexin 0.47 3 25 -39 -18 -25 

Cefquinome 0.56 5.9 20 87.4 78.3 73.5 

Ceftiofur 0.07 6.1 50 43 32 30 

Oxacillin 0.97 4.9 20 -4.2 -1.6 1.9 

Dicloxacillin 0.7 9.7 20 -15 -13.5 -9.7 

Amoxicillin 0.38 3.8 25 19 4.3 12.8 

Ampicillin 0.35 3.1 25 25.2 31 30.1 

Penicillin G 0.59 9.3 20 -8.4 -5.6 -10.4 

Cloxacillin 0.23 11.8 25 -45.4 -43.8 -34.9 

Nafcillin 0.58 2.7 20 -23.7 -16.8 -15.9 
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Tetracyclines       

Oxytetracycline 0.35 4.6 25 12.5 6.6 7.4 

Chlortetracycline 1.08 6.2 20 35.6 17.2 23.8 

Tetracycline 0.76 5.1 20 -17.6 -11.6 -12.8 

Doxycycline 1.02 6 20 -4.9 -1.9 0.7 

Quinolones       

Marbofloxacin 0.9 6.4 20 -13.7 -16.1 -18.6 

Ciprofloxacin 0.44 4 25 2.1 -1.1 3.9 

Norfloxacin 0.48 5.1 25 6.9 2.7 4.8 

Danofloxacin 0.91 4.9 20 19.5 29.1 23.8 

Enrofloxacin 0.41 4.1 25 -7.4 -3.5 -10.5 

Sarafloxacin 0.72 3.6 20 -34.8 -21.3 -18.5 

Difloxacin 0.46 5.1 25 -28.9 -25.1 -19.6 

Oxolinic acid 0.08 6.1 50 -19.6 -17.9 -12.6 

Nalidixic acid 0.45 2.1 25 -17.9 -14.3 -12.7 

Flumequine 0.39 3.6 25 -34.9 -21.3 -19.5 

Pefloxacin 0.6 3.9 20 -5.3 -1.4 -3.9 

Ofloxacin 0.51 3.1 20 -7.5 -9.8 -12.6 

Macroloids & lincosamides       

Spiramycin 0.55 10.7 20 41.4 35.9 37.4 

Gamithromycin 0.58 5.6 20 18.4 12.4 7.3 
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Tilmicosin 1.33 7.8 20 42.2 39.4 35.3 

Erythromycin A 0.54 5.1 20 -45.2 -51.2 -45.8 

Tylosin 1 0.47 8.7 25 -32.1 -22.1 -29.4 

3-O-Acetyltylosin 0.69 7.4 20 15.3 2.14 -5.6 

Josamycin 0.47 7.3 25 14.2 4.9 12.5 

Tylvalosin 0.79 4.7 20 28.3 25.3 23.2 

Tulathromycin (M+H) 0.58 9.5 20 23.6 21.9 18.6 

Tulathromycin (M+2H) 0.54 10.4 20 22.8 21.7 19.5 

Lincomycin 0.07 9.8 50 14.2 3.8 4.5 

Pirlimycin 0.35 5.4 25 -29.6 -30.5 -27.9 

Pleuromutilin       

Valnemulin 0.45 7.2 25 -29.4 -27.2 -19.4 

Tiamulin 0.64 5.5 20 -14.2 -6.5 -9.3 

Sulphonamides       

Sulphaguanidine 0.92 2.8 20 -28.7 -27.8 -19.6 

Sulphathiazole 0.79 2 20 -13.2 -11.8 -8.4 

Sulphisomidine 0.55 1.4 20 -19.2 -16.2 -12.9 

Sulphamoxole 0.93 2.1 20 -19.2 -13.4 -13.9 

Sulpanilamide 0.64 1.9 20 -38.2 -33.6 -29.3 

Sulphacetamide 0.76 2 20 -45.2 -34.2 -30.1 

Sulphapyridine 0.75 2.5 20 -14.2 -10.5 -9.1 
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Sulphamerazine 1.02 1.2 20 -28.8 -22.7 -19.6 

Sulphadoxine 0.57 1.2 20 -18.3 -13.5 -18.8 

Sulphamethizole 0.71 2.1 20 -23.3 -28.4 -25.3 

Sulphamethoxypyridazine 0.39 1.2 25 -17.3 -15.9 -14.9 

Sulphachloropyridazine 0.51 1.5 20 -19.7 -18.5 -21.5 

Sulphamethoxazole 0.72 2.1 20 -23.7 -22.1 -19.7 

Sulphadimethoxine 0.55 1.9 20 -23.6 -18.1 -18.4 

Sulphadiazine 0.32 2.7 25 -5.8 -14.7 -20.1 

Dapsone 0.66 9.7 20 -12.8 -7.5 -9.3 

Sulphamethazine 0.4 1.1 25 -12.9 -16.6 -21.7 

Sulphaquinoxaline 0.71 0.7 20 -9.2 -17.2 -16.9 

Sulphamonomethoxine 0.88 1.5 20 -21.2 -14.64 -18.3 

Sulphabenzamide 0.61 0.9 20 -30.1 -27.64 -19.3 

Sulphameter 0.33 1.4 25 -19.4 -22.1 -18.3 

Trimethoprim 0.55 4.8 20 -13.2 -20.9 -8.5 

a % ME = positive value indicate signal enhancement expressed as percentage increase 

Negative value indicate signal suppression expressed as percentage decrease 
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Linearity 

The linearity of the chromatographic response was assessed from matrix matched and 

solvent standard calibration curves, run along with each validation experiment on 

each day. Calibration curves were constructed by least-squares linear regression 

analysis, using peak area versus concentration of the analyte. Representative 

regression lines (calibration curves) of amoxicillin, lincomycin, sulphadiazine and 

trimethoprim as constructed by Analyst® 1.5 software, are shown in Figure 4.5. 

Responses were quite linear in the assayed range and correlation co-efficient (R2) was 

always greater than 0.978 for all drugs except for two sulphonamides (Table 4.5). In 

case of penicillin G, ciprofloxacin, oxolinic acid, sulphadizine and dapsone, the 

response factor was calculated by comparing the peak area of the analyte to the peak 

area of internal standard. The percent deviation of individual points from calibration 

curve was below 20 %. Few drugs like Flumequin and tylosin etc. showed poor 

performance in terms of linearity for three validation runs. In fact the response was 

not linear at higher calibration levels due to solubility issues. 

 Figure 4-5 Matrix matched calibration curves of amoxicillin, lincomycin, 

sulphadiazine, and trimethoprim constructed by Analyst® software     
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Table 4.5 Recovery values at 0.5, 1 and 1.5 times the validation level from three validation runs, overall recovery and correlation 

coefficients 

Analyte Licensed 

Yes/No 

Validation 

level 

 

(0.5 VL) 

n = 21 

%Recovery 

(%, 1 VL) 

n = 21 

 

(1.5 VL) 

n = 21 

Over-all % 

recovery 

n = 63 

Correlation 

coefficient (R2)  

Penicillin & cephalosporin        

Penicillin V Yes 25 80.2 79.8 78.3 79.4 0.9933 

Cefoperazone No 50 88.1 71.5 71.1 76.9 0.9858 

Cefazolin No 50 93.1 84.7 80.7 86.2 0.9952 

Cefapirin No 50 70.6 75.7 74.1 73.5 0.9909 

Cefalonium No 50 80.9 83.9 82.3 82.4 0.9975 

Cefalexin No 50 70.8 64.4 64.1 66.4 0.9934 

Cefquinome No 50 90.9 87.6 99.5 92.7 0.9842 

Ceftiofur No 50 81.1 75.7 75.3 77.4 0.9959 

Oxacillin Yes 300 86.9 80.8 80.1 82.6 0.9939 

Dicloxacillin Yes 300 86.5 80 82.1 82.9 0.9957 

Amoxicillin Yes 50 57.6 58.3 58.7 58.2 0.9963 

Ampicillin Yes 50 71.6 72.3 73.6 72.5 0.9948 
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Penicillin G Yes 50 102.9 101.1 94 99.3 0.9982 

Cloxacillin Yes 300 86.4 70.1 66.9 74.4 0.9924 

Nafcillin No 50 84.6 84.9 85.2 84.9 0.9948 

Tetracyclines        

Oxytetracycline Yes 100 58.4 55.7 50.9 55 0.9982 

Chlortetracycline Yes 100 66.8 63.8 60.4 63.7 0.9784 

Tetracycline Yes 100 68.5 72 67.7 69.4 0.9922 

Doxycycline Yes 100 66.6 69.6 62.2 66.1 0.9935 

Quinolones        

Marbofloxacin No 50 77.7 75.1 67.8 73.5 0.9982 

Ciprofloxacin Yes 100 101.6 103.7 92.9 99.4 0.9991 

Norfloxacin No 50 78.7 75.8 69.5 74.7 0.9949 

Danofloxacin Yes 200 78.5 78.5 73.5 76.8 0.9949 

Enrofloxacin Yes 100 80.7 75.3 72.2 76.1 0.9965 

Sarafloxacin No 50 78.7 78.4 74.5 77.1 0.9935 

Difloxacin Yes 300 81.3 76.8 73.6 77.2 0.9962 

Oxolinic acid Yes 100 104.9 107.6 96.2 102.9 0.9958 

Nalidixic acid No 50 89.1 85.7 82.2 85.7 0.9987 
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Flumequine Yes 400 89.6 84.9 78.8 84.4 0.9994 

Pefloxacin No 50 81.6 76.4 73.5 77.2 0.9990 

Ofloxacin No 50 76.8 75.9 71.5 74.7 0.9960 

Macroloids & lincosamides        

Spiramycin Yes 200 70.4 65.2 59.7 65.1 0.9924 

Gamithromycin No 50 85.5 82.7 82.4 83.5 0.9968 

Tilmicosin Yes 75 79.3 74.1 70.2 74.5 0.9976 

Erythromycin A Yes 200 93.3 91.6 86.6 90.5 0.9812 

Tylosin  Yes 100 76.6 69.9 61.3 69.2 0.9958 

3-O-Acetyltylosin No 50 78 68.4 64.3 70.2 0.9962 

Josamycin No 50 77.7 72.6 70.1 73.4 0.9924 

Tylvalosin No 50 65.8 65.1 65.2 65.4 0.9924 

Tulathromycin (M+H) No 50 68.9 62.1 57.6 62.9 0.9900 

Tulathromycin (M+2H) No 50 67 59.4 56.3 60.9 0.9949 

Lincomycin Yes 100 84.3 84.5 79.8 82.9 0.9964 

Pirlimycin No 50 78.5 78.9 75.7 77.7 0.9924 

Pleuromutilin        

Valnemulin Yes 50 74.3 60.8 56.5 63.9 0.9962 
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Tiamulin Yes 50 76.1 71.6 67.9 71.9 0.9910 

Sulphonamides        

Sulphaguanidine Yes 100 90 85.9 80.6 85.5 0.9968 

Sulphathiazole Yes 100 88.7 85.9 81 85.2 0.9970 

Sulphisomidine Yes 100 93 91.5 86 90.2 0.9958 

Sulphamoxole Yes 100 88.9 87.4 81 85.8 0.9972 

Sulpanilamide Yes 100 91.7 82.5 75.2 83.1 0.9882 

Sulphacetamide Yes 100 88.5 87.2 81.3 85.6 0.981 

Sulphapyridine Yes 100 90.1 89.7 81.6 87.1 0.9933 

Sulphamerazine Yes 100 90.9 88.8 85.1 88.3 0.9921 

Sulphadoxine Yes 100 92.5 90.6 88.5 90.6 0.9960 

Sulphamethizole Yes 100 87.8 83.3 79.7 83.6 0.9953 

Sulphamethoxypyridazine Yes 100 90.4 88.8 81 86.8 0.9933 

Sulphachloropyridazine Yes 100 91.2 85.8 79 85.3 0.9959 

Sulphamethoxazole Yes 100 90.9 87.6 81 86.5 0.9983 

Sulphadimethoxine Yes 100 92.4 88.9 85.5 88.9 0.9985 

Sulphadiazine Yes 100 101.5 103.3 95.2 100 0.9993 

Dapsonea No 5 111.8 96.9 92.4 100.4 09930 
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Sulphamethazine Yes 100 94.2 87.8 85.8 89.3 0.9954 

Sulphaquinoxaline Yes 100 90.8 88.5 83 87.5 0.9982 

Sulphamonomethoxine Yes 100 85.4 86.4 80.3 84.1 0.9934 

Sulphisoxazoleb Yes 100     0.4250 

Sulphabenzamide Yes 100 87.4 86.3 79.6 84.4 0.9940 

Sulphatroxazoleb Yes 100     0.4250 

Sulphameter Yes 100 88.1 86.1 82.5 85.8 0.9908 

Trimethoprim Yes 100 82.7 83.1 78.1 81.1 0.9929 

Dapsonea = Dapsone is banned drug (2377/90/EC) 

Sulphisoxazoleb, sulphatroxazolec = Both could not be quantified 
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Matrix Effects 

Considerable matrix effects were observed for most of the drugs when peak areas of 

the analyte in matrix and pure solvent were compared. Signal suppression was 

examined for most of the drugs and for all sulphonamides. The matrix effects were 

relatively higher at 0.5 x VL as compared to other two levels. The % matrix effects 

(% ME) for all the antibiotics are given in Table 4.4. The values indicate the 

percentage enhancement or suppression of the MRM transitions in comparison to the 

same MRM transitions in solvent standards. The values in positive represents the 

percent increase in mass spectrometric signals while negative values indicating the 

percent drop in signals. It should be noted that positive matrix effects were relatively 

much higher for cefquinome and few macroloids like spiramycin, and tilmicosin. The 

effect of matrix can also be observed from difference in slope of the matrix and 

solvent standard curves [122]. Figure 4-6 shows combined matrix and solvent 

standard curves for some representative drugs from each class of antibiotics. Slight 

difference in slope of the solvent and matrix standard calibration curves means there 

are no matrix effects. High slope values in matrix calibration curve means signal 

enhancement, whereas the reverse case implicates signal suppression. Owing to high 

matrix effects for all the antibiotic classes, it was necessary to use matrix matched 

standards for the correct identification and quantification of the analytes in meat 

samples. 
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Figure 4-6 continued

 

 

Figure 4-6 Solvent and matrix matched standard curves of selected 

drugs from each antibiotic class showing the effect of matrix in terms 

of signal suppression or enhancement. 

Precision and Accuracy 

The accuracy values were calculated as percentage recoveries at three validation 

levels by spiking the known volumes of analyte standards before extraction. After 

extraction, the recoveries were estimated from matrix matched calibration curves. The 

values of recoveries at 0.5, 1 and 1.5 x VL are given in Table 4.5. Over all the 

recoveries were in the range of 70-102.9 % for more than 87 % compounds. Seven of 

the compounds comprising three from macroloids, one from pleuromutilin and three 

from tetracyclines showed recoveries in the range of 60 to 69 %. Only two drugs, one 

from tetracycline class i.e. oxytetracyclin and one from penicillins i.e. Amoxicillin 

showed poor response with recoveries of < 60% at all three levels (Table 4.5).  

The method precision was estimated at individual validation levels in terms of 

relative standard deviation (RSD %) for intra-day repeatability and inter-day 

repeatability (within-lab reproducibility) and the results are shown in Table 4.6. The 

intra-day RSD values were ≤ 20 % for all compounds at all levels assayed except, for 
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tylvalosin (RSD = 22.2 % at 25 µg/kg) and dapsone (RSD = 21 % at 7.5 µg/kg). The 

inter-day RSD values were also ≤ 20 % for all compounds except for tylvalosin (RSD 

= 23.9 % at 25 µg/kg), erythromycin A (RSD = 25.7 % at 100 µg/kg) and dapsone 

(RSD 22.7 % at 7.5 µg/kg).  

Decision Limit (CCα) and Detection Capability (CCβ) 

Matrix matched calibration curve procedure was used to calculate CCα and CCβ 

values shown in Table 4.6. The CCα and CCβ values for MRL substances ranged 

from 29.9 to 446.2 µg/kg and 34.4 to 492.4 µg/kg respectively, whereas for non MRL 

substances (unlicensed drugs) these values ranged from 8.1 to 23.5 µg/kg and 16.3 to 

39.4 µg/kg respectively. For dapsone, which is a banned drug, the values of CCα and 

CCβ were quite low i.e. 0.45 µg/kg and 0.85 µg/kg, respectively. 
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Table 4.6   Validation data for intra-day and inter-day precision at three validation levels, decision limit (CCα) and detection 

capability (CCβ) values for chicken muscle 

Analyte Licensed 

Yes/No 

Validation level Intra-day  

(% RSD) 

Inter-day 

(% RSD) 

CCα 

(µg/kg) 

CCβ 

(µg/kg) 

Penicillin & cephalosporin      

Penicillin V Yes 25 6.5 – 12.9 9.8 – 13.6 29.9 34.8 

Cefoperazone No 50 6.1 – 11.8 7.4 – 13.8 16.5 28.6 

Cefazolin No 50 2.3 – 10.3 5.8 – 13.7 17.1 31.8 

Cefapirin No 50 5.7 – 7.1 7.3 – 12.8 15.5 24.3 

Cefalonium No 50 7.8 – 10.1 9.3 – 13.2 20.5 32.3 

Cefalexin No 50 5.9 – 7.7 6.5 – 8.9 13.2 25.4 

Cefquinome No 50 9.3 – 17.4 9.5 – 18.7 30.2 48.9 

Ceftiofur No 50 5.2 – 6.2 5.8 – 9.3 12.4 20.6 

Oxacillin Yes 300 3.7 – 4.1 4.2 – 5.4 322.9 345.8 

Dicloxacillin Yes 300 6.2- 19.8 12.8 – 18.5 322.1 344.2 

Amoxicillin Yes 50 2.9 – 5.1 6.3 – 8.2 56.3 62.6 

Ampicillin Yes 50 4.6 – 6.3 6.3 – 9.6 56.8 63.7 

Penicillin G Yes 50 3.6 – 8.8 6.4 – 9.8 56.6 63.2 

Cloxacillin Yes 300 4.9 – 5.9 6.2 – 8.3 319.6 339.2 

Nafcillin No 50 5.1 – 7.6 8.2 – 11.9 15.7 22.3 
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Tetracyclines       

Oxytetracycline Yes 100 5.8 – 7.8 6.2 – 9.3 113.6 127.2 

Chlortetracycline Yes 100 6.0 – 9.5 10.5 – 16.8 125.4 150.9 

Tetracycline Yes 100 4.2 – 6.9 5.4 – 8.6 116.4 132.8 

Doxycycline Yes 100 5.9 – 11.4 7.4 – 13.9 113.1 126.2 

Quinolones       

Marbofloxacin No 50 5.7 – 8.1 6.5 – 8.7 11.8 20.1 

Ciprofloxacin Yes 100 5.5 – 6.9 5.7 – 8.5 114.5 128.9 

Norfloxacin No 50 3.5 – 7.1 6.4 – 8.2 8.1 16.3 

Danofloxacin Yes 200 7.1 – 7.8 6.9 – 8.5 214.7 229.4 

Enrofloxacin Yes 100 5.4 – 6.2 4.3 – 8.1 116.2 132.4 

Sarafloxacin No 50 5.9 -7.3 6.3 – 9.7 15.6 23.8 

Difloxacin Yes 300 5.6 – 6.7 6.3 – 8.4 319.6 339.2 

Oxolinic acid Yes 100 3.2 - 7 7.2 – 8.8 115.3 130.7 

Nalidixic acid No 50 3.1 – 5.7 4.9 – 6.3 8.4 16.6 

Flumequine Yes 400 5.3 – 7.7  446.2 492.4 

Pefloxacin No 50 5.4 – 7.8 6.4 – 9.5 10.1 20.2 

Ofloxacin No 50 3.9 -7.1 5.3 – 8.2 13.1 21.3 

Macroloids & lincosamides      

Spiramycin Yes 200 4.8 – 6.3 7.7 – 14.1 248.4 296.8 
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Gamithromycin No 50 7.5 – 11.7 8.3 – 13.2 23.5 39.4 

Tilmicosin Yes 75 9.7 -11.6 11.8 – 14.8 94.6 114.2 

Erythromycin A Yes 200 4.6 – 7.7 13.6 – 25.7 257.5 315.1 

Tylosin 1 Yes 100 5.4 – 10.2 12.2 – 13.1 125.9 151.9 

3-O-Acetyltylosin No 50 4.6 – 8.6 5.2 – 12.3 11.9 21.7 

Josamycin No 50 7.9 – 9.7 9.6 - 12 16.1 27.4 

Tylvalosin No 50 13.7- 22.2 14.3 – 23.9 22.3 37 

Tulathromycin  No 50 5.6 -10.5 8.4 – 14.8 9.6 21.2 

Lincomycin Yes 100 2.6 – 5.7 5.6 – 8.7 113.9 127.9 

Pirlimycin No 50 6.1 – 7.9 6.7 – 12.3 12.5 20.7 

Pleuromutilin       

Valnemulin Yes 50 8.8 – 16.3 12.7 – 18.5 62.3 74.6 

Tiamulin Yes 50 11.3 - 17.2 15.2 – 19.5 70.5 91 

Sulphonamides       

Sulphaguanidine Yes 100 1.4 – 4.9 4.2 – 6.3 107.1 114.2 

Sulphathiazole Yes 100 3.5 – 6.2 5.3 – 7.6 110.3 120.6 

Sulphisomidine Yes 100 4.2 – 9.2 6.8 – 10.7 112.7 125.4 

Sulphamoxole Yes 100 3.3 – 4.5 4.2 – 6.4 106.4 112.8 

Sulpanilamide Yes 100 2.8 – 6.4 4.6 – 8.3 106 112 

Sulphacetamide Yes 100 1.6 -4.5 3.8 -6.2 106.5 113.1 
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Sulphapyridine Yes 100 4.8 – 7.3 7.3 - 8 114.82 129. 64 

Sulphamerazine Yes 100 2.8 – 6.5 5.3 – 8.6 110.6 121.2 

Sulphadoxine Yes 100 1.7 – 5.9 4.2 – 7.9 108.3 116.6 

Sulphamethizole Yes 100 4.5 – 7.3 6.3 – 10.5 116.2 132.4 

Sulphamethoxypyridazine Yes 100 4.2 – 6.6 5.8 – 8.3 108.4 116.8 

Sulphachloropyridazine Yes 100 3.6 – 7.1 5.3 – 8.9 108.2 116.4 

Sulphamethoxazole Yes 100 2.7 – 5.1 4.9 – 7.5 107.2 114.4 

Sulphadimethoxine Yes 100 4.1 – 6.5 5.2 – 7.8 109.5 119 

Sulphadiazine Yes 100 1.3 – 5.1 4.3 – 7.3 104.9 109.8 

Dapsonea No 5 18.1 – 21 18.6 - 22.7 0.45 0.86 

Sulphamethazine Yes 100 3.6 - 7 6.5 – 8.6 114.28 128.56 

Sulphaquinoxaline Yes 100 2.9 – 6.1 4.7 – 7.4 108.7 117.4 

Sulphamonomethoxine Yes 100 4.6 – 6.9 6.2 – 8.4 110.4 120.8 

Sulphabenzamide Yes 100 2.8 – 6.8 4.2 – 8.5 109.8 119.6 

Sulphameter Yes 100 5.0 – 9.1 5.8 – 9.2 115.38 130.76 

Trimethoprim Yes 100 1.7 – 5.8 3.6 -8.3 108.2 116.4 

Dapsonea = Dapsone is banned drug (2377/90/EC) 

 

.  
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4.4 Discussion 

4.4.1  LC-MS/MS Optimization 

The development of multi-residue methods for the simultaneous extraction and 

determination of multi-class antibiotics in complex biological matrices is 

troublesome, as many analytical and chemical aspects are involved. The 

heterogeneous nature of chemical constituents and their mutual interaction with 

matrix entities, sometimes make it very difficult to efficiently extract all analytes from 

sample mixture.  The sample preparation procedure should, therefore, be versatile and 

universal to ensure the extraction of all analytes [121]. Modern triple quadrupole mass 

spectrometers provide high degree of specificity and sensitivity in MRM modes [95]. 

Large number of analytical compounds can be identified and confirmed in single 

analytical run.  

The first step in multi-residue method was to select optimum MS/MS 

conditions to provide high degree of sensitivity to each analyte in MRM mode. For 

the sake of time, standard mixes containing 5-7 antibiotic standards were prepared 

and directly infused into the mass spectrometer to obtain the best analytical conditions 

for each MRM. Notably, most of the sulphonamides exhibited shared transitions and 

similar ion ratios, therefore they   had to get run individually [114]. The same problem 

was faced when these sulphonamides were run through LC-MS as co-eluted peaks 

were difficult to recognize. Consequently, most of the sulphonamides had to be   run 

one by one to record their retention times during method development so that they 

could be correctly identified avoiding false positive results. At least two MRMs were 

selected according to Commission Decision 2002/657/EC [36], to get required 

number of identification points (IPs) for each analyte and fulfill the confirmatory 

criteria  (Table 4.4). Accordingly, 3 IPs are required for authorized drugs and 4 IPs 

are required for banned or unauthorized drugs. In this study, a minimum of two 

MRMs are selected so each analyte gets 4.5 IPs in such a way that: each precursor ion 

is awarded 1 IP and each daughter ion 1.5 IP. Mass transition of most abundant ion 

peaks were selected to serve as quantifier ion and secondary transitions were used as 

confirmatory ions.  

Liquid chromatographic analysis to separate all the analytes was tested on 

various columns using different mobile phase gradients. In literature, a number of 

multi-class methods are available and most of the published methods have used C-18 
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column with either  HPLC or UPLC using methanol or acetonitrile as one of the 

mobile phase along with some additives in water as the second mobile phase [98-100, 

119, 121, 229]. Other columns reported in literature are phenyl columns [90, 93, 230] 

and HSS columns [130]. In this method development, following columns were 

investigated against each other: Ascentis® C-18 core-shell (50 x 2.1 mm, 2.7 µm) 

from Sigma Aldrich; Kinetex C 18 core-shell (50 x 2.1 mm, 1.7 µm and 2.6 µm) from 

Phenomenex; Luna C -18 HST (50 x 2 mm, 2.6 µm) from Phenomenex and Raptor™, 

and Biphenyl core-shell column (100 x 2.1 mm, 2.7 µm) from Restek. The 

experiments were performed with these columns applying numerous changes to get 

acceptable peak shapes for all the analytes. The changes applied during HPLC 

optimization are briefly shown in Table 4.7.  

The chromatographic behavior of sulphonamides, amoxicillin, tilmicosin, 

spiramycin and flumequin proved to be the most problematic on C 18 columns, tested 

during this study. Only biphenyl column, using 0.1 % formic acid in water and 100 % 

methanol, showed reasonably better peak shapes for more than 90 % analytes. Formic 

acid in the mobile phase was always required to get better elution of tetracyclines as 

these drugs give better peak shapes at lower pH [6, 231]. Peak shapes of the early 

eluters like sulphaguanidine and amoxicillin was slightly poor, when the mobile phase 

gradient started from 95 % A. Applying the initial hold time of 0.5 min at gradient 

start, was found sufficient to improve peak shapes for these early eluters. The peak 

shapes of the early eluters were also greatly improved if the injection volume was 

reduced to 2 µl, although it resulted in poor sensitivity for some compounds, 

especially the tetracyclines. Sulphisoxazole and sulphatroxazole bearing similar 

parent masses and shared transitions could not be resolved using the optimized 

conditions. In fact no multi-class multi-residue method is found in literature that has 

addressed the analysis of both of these analytes simultaneously. The fragmentation 

pattern of most of the sulphonamides is similar with m/z at 156, 92 and 108 as shown 

in Figure 4-1. Therefore, these sulphonamides have to be chromatographically 

resolved for correct identification on the basis of their retention times. Except for 

sulphisoxazole and sulphatroxazole (Figure 4-3), the chromatographic separation of 

all sulphonamides, were best achieved with biphenyl core-shell column, whereas C-18 

columns tested during this study could not resolve most sulphonamides. One possible 

solution of the problem was to exclude one of these two sulphonamides to accurately 

quantify the second one. However, the element of ambiguity could not be excluded 
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during real sample analysis to decide unequivocally about as which of the two drugs 

to report. It was therefore, decided to keep both drugs and any positive finding above 

certain level at the expected retention times, would be confirmed through validated 

method for sulphonamides. 

Table 4.7   Summary of various columns and conditions used for 

HPLC optimization 

Column Gradient used Major variations 

applied 

Observation 

Ascentis  C-18 

core-shell (50 x 

2.1 mm, 2.7 µm) 

(A) 0.1 % formic acid in 

water (B) with and without 

0.1 % formic acid in 

ACN/MeOH; flow: 0.4 

ml/min 

Injection volume; 1, 2, 5 

µl with and without 

initial hold, mobile 

phase (B) initial start 0, 

2 and 5 % 

Poor peak shape for 

amoxicillin 

sulphonamides, most 

sulphonamides  could 

not resolved 

Kinetex C 18 

core-shell (50 x 

2.1 mm, 1.7 µm) 

(A) 0.1 % formic acid in 

water (B) with and without 

0.1 % formic acid in 

acetonitrile; flow: 0.4 

ml/min 

0.05 % formic acid in 

standard solvent, 

Tailing, quinolones 

poorly eluted, most 

sulphonamides  could 

not resolved 

Kinetex C-18 

core-shell (50 x 

2.1 mm, 2.6 µm) 

(A) 0.1 % formic acid in 

water (B) with and without 

0.1 % formic acid in 

ACN/MeOH; flow: 0.4 

ml/min 

Standards in 50 % ACN, 

25 % ACN and in 

MeOH 

Tailing, quinolones and 

macroloids poorly 

eluted, slightly better 

with MeOH mobile 

phase 

Luna C -18 HST 

(50 x 2 mm, 2.6 

µm) 

(A) 0.1 % formic acid in 

water (B) with and without 

0.1 % formic acid in 

ACN/MeOH; flow: 0.4 

ml/min 

Injection volume; 1, 2, 5 

µl, standards in 50 % 

ACN, 25 % ACN and in 

MeOH 

Same as Ascentis C -18 

column 

Raptor  Biphenyl 

core-shell 

column (100 x 

2.1 mm, 2.7 µm) 

(A) 0.1 and 0.2 % formic 

acid in water (B) with and 

without 0.1 % formic acid 

in ACN/MeOH; flow: 0.4 

ml/min 

Injection volume; 1, 2, 5 

µl, standards in 50 % 

ACN, 25 % ACN and in 

MeOH 

Few sulphonamides not 

resolved, peak shapes 

poor for  some early 

eluters, 
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 According to Commission Decision 2002/657/EC, the retention times of the 

analytes in samples in comparison to matrix standards, must not exceed ± 2.5 %.  The 

results showed that the retention times of all the analytes were quite reproducible with 

acceptable peak shapes using the biphenyl column so it was finally selected for the 

simultaneous analysis of multi-class antibiotics. An inline filter of 0.5 µm porosity 

was used to avoid any macro particle to reach the chromatographic column. 

Initially, the triple quadrupole mass spectrometer was run in scheduled MRM 

mode (sMRM), with time window width of 60 s to obtain enough data points per 

peak. The problem with sMRM was the narrow retention time window, as the 

expected MRM transitions could be monitored only in given time window. Slight 

shifts in the retention times of the analytes resulted in the loss of data and retention 

times had to get re-determined. To avoid these consequences, it was finally decided to 

run the instrument with five periods in a single experiment to analyze all the 

compounds with reasonable sensitivity. Each MRM transition was given a dwell time 

of 20 ms to get acceptable peak shape. The use of core-shell column was 

advantageous as it provides narrow peak shapes and short run time for analysis using 

the conventional HPLC systems as an alternative compared to the modern UPLC 

systems. Using this biphenyl core-shell column, all the analytes were successfully 

resolved in less than 10 minutes.  However, the total run time of 14 minutes was used 

to re-equilibrate the column for next sample.    

4.4.2 Sample Extraction and Clean-up Optimization     

After LC-MS/MS optimization, the most important and perhaps the most crucial part 

of the method development was to extract all the targeted analytes from the tissue 

samples into extraction solvent. Next to this was the clean-up step to eliminate the 

matrix interferences, which normally mimic the target analytes to give false positive 

results or in other case reduces the sensitivity of the method. Sample clean-up was 

performed using Sepra C-18 dispersive material. Different types of extraction 

mixtures can be found in literature for simultaneous extraction of mixed residues 

belonging to multiple classes of drugs. Organic solvents like methanol and acetonitrile 

have been used predominantly for the extraction of penicillins, sulphonamides, 

macroloids, tetracyclines and quinolones [93, 96, 113, 114, 129]. Additionally the use 

of EDTA, organic buffers, mixed organic acids and inorganic salts have also been 
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used as additives in extraction medium for best recoveries of versatile drug analytes 

[92, 96, 102, 229].  

In this study, a few mutually different trial experiments were performed using 

the simple methodology based on routine solvents. Notably, the use of additives was 

avoided to make extraction method more robust. In Chemical Surveillance Division 

(CSD), Agri-Food and Biosciences institute (AFBI, Belfast, UK) the validated 

confirmatory methods for the analysis of tetracyclines (CSD-375, version 3), 

penicillins and cephalosporins (CSD-344, version 5), macroloids and lincosamides 

(CSD-373, version 3) and sulphonamides (CSD-309, version 8) are typically based on 

acetonitrile/water extraction. Therefore, it was decided to adopt the same kind of 

procedure as the said methods were quite quick, simple and highly robust. At the 

beginning, acetonitrile and methanol with and without water were tested in different 

proportions. Additionally, 0.1 % formic acid in water along with both organic 

solvents was also tested. It was found that acetonitrile with water gave the best 

recoveries for all the analytes except for some penicillins (amoxicillin, ampicillin, 

cefapirin), macroloids (spiramycin, tylosin) and tetracyclines.  

The ability of tetracyclines to form complexes with metal ions hinders their 

extraction in organic solvents. A chelating agent like EDTA is normally used for the 

best recoveries of tetracylines from the sample mixture, but unfortunately, in multi-

class residue analysis, it negatively affects the extraction of other analytes [232]. 

Penicillins and cephalosporins that are β-lactam antibiotics exhibit poor stability in 

organic solvents like methanol and acetonitrile at low or high pH values [218, 233]. 

The high polarity of β-lactams, therefore require more aqueous proportion to recover 

these drugs [227]. Macroloids and lincosamides are slightly basic in nature (pKa ≈ 

7.1– 9.1) and are best recovered using organic solvents [234]. The recoveries of all 

the quinolones and few macroloids were much improved using 0.1 % formic acid but 

this solvent system has reduced the recoveries of penicillins. The negative effect of 

formic acid on β-lacatm recoveries has also been explained by Shneider et al.[114]. 

Considering these facts during initial experimentation, 8 ml acetonitrile and 1 ml 

water was used as extraction medium. But due to poor recoveries of β-lacatms, 

tetracyclines and macroloids, 12 ml acetonitrile and 2 ml water were tested, which 

improved the recoveries of β-lactam and macroloids considerably. However, the 

recoveries of tetracyclines were still below 50 %. A second extraction run with 6 ml 
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acetonitrile and 1 ml water were therefore applied to obtain the acceptable recoveries 

of tetracyclines as well.  

The results showed that recoveries of most of the β-lactams and macroloids 

were improved to above 70 %. The recoveries of tatracyclines were also improved up 

to ˃ 63 % except for oxytetracyclin (55 %) that was still compromising. The 

comparison of recoveries from single and double extraction can be seen in Figure 4-7. 

The problem of  low recoveries for macroloids, β-lactams and tetracyclines in a multi-

class multi-residue method has  been explained by many other authors as well [82, 90, 

93, 96, 98, 111, 227, 229].  Further experimentation was not done, because, the 

recoveries for most antibiotic drugs were fall in the range of 70 – 102.9 %, which can 

fulfill the EU criteria [235]. Additionally, in the developed method, nearly all the 

antibiotic drugs from above-mentioned six classes were covered for wide scope 

applications. No triple quadrupole based LC-MS/MS method is previously available 

in literature that has covered the entire range of antibiotics from these six classes. 

For sample clean-up, Sepra C-18 E dispersive material was used as it had 

already been proved to efficiently remove matrix interferences in other developed 

methods at AFBI. Only one trial with Bakerbond® octadecyl C-18 was performed to 

compare its performance against Sepra C-18 material. The results showed that 

recoveries of β-lactams and tetracyclines were slightly better with Sepra C-18 as 

compared to Bakerbond C-18 dispersive material (Figure 4-8). There was not any 

difference in recoveries of the other analytes with both types of C-18 materials.  

Final extracts were not fully dried as the aqueous left over in the sample 

mixture took much time for complete drying. Also during early trials, fully dried 

samples showed poor results for many β-lactam antibiotics. Therefore, the drying 

process was always stopped when volume of the final extracts remained less than 1 ml 

(≈ 0.5 ml) and it took only about 2.5 hours in contrast to complete drying which took 

nearly 3.5 hours at 40 °C. Higher temperature was not used due to the stability issues 

of some β-lactam antibiotics [236]. Hexane wash was also done after dispersive solid 

phase clean-up to remove lipid impurities [109].  

Reconstitution of the semi-dried extracts was made with 25 % acetonitrile 

during method development. Amoxicillin, difloxacin, flumequin and various 

sulphonamides responded very badly and peak shapes were not very good. Later, the 
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reconstitution with 25 % methanol was tested and it worked very well except for 

many drugs like flumequin and tylosin etc. The chromatographic response of these 

analytes was very poor at upper validation levels due to solubility issues with high 

aqueous solvent system. Later, 50 % methanol was used and it provided promising 

results for most of the compounds.  Sulphanilamide, sulphaguanidine and amoxicillin, 

eluted very early showed good results in terms of peak shapes and linearity with 25 % 

as compared to 50 % methanol (Figure 4-9). However, 50 % methanol was finalized 

due to solubility issues for many drugs in 25 % methanol and the response was quite 

linear for almost all the drugs under these conditions. Only the peak shapes of early 

eluting sulphanilamide, sulphaguanidine and amoxicillin were compromising. 
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Figure 4-7 Effect of single extraction and double extraction with Acetonitrile (ACN)/Water on selected drugs from six antibiotic classes 
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Figure 4-8 Effect of Bakerbond C-18 and Sepra C-18 E dispersive material on extraction of selected members of each antibiotic 

class 
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4.4.2.1.1.1  

Figure 4-9 Effect of aqueous phase on peak shape of sulphanilamide, sulphaguanidine, and amoxicillin; 25 % methanol (A), 50 

% methanol (B)



Chapter 4: Development of an LC-MS/MS Based Multiclass Method 

 

150 

 

4.4.3  Method Validation 

Commission Decision 2002/657/EC [36] requires that the method should be validated 

at MRPL or MRL of each analyte. Most of the antibiotics used in this study are 

licensed for poultry applications and their MRLs have been established in EU [150]. 

Dapsone is prohibited for use in EU and an MRPL has been established for this drug 

[224].  There are also few drugs in this study, which are not licensed for poultry but 

their MRLs have been established for other species. All these un-licensed drugs for 

poultry were validated at 50 µg/kg. This validation level was selected on the basis of 

their MRLs in other animal species.  

Negative chicken muscles were used to test for the specificity and selectivity 

of the developed method. These negative extracts were run with and without spiking 

antibiotic standards on LC-MS. No interferences were detected at the retention times 

of the selected analytes in negative tissue extracts. The selectivity and specificity is 

normally very good when the LC-MS/MS is run in SRM or MRM mode [227]. There 

may be a lot of interfering substances having  masses similar to those of   the analytes 

to be studied but the chances of similar MRM transitions are very rare.  

The identification criteria for a confirmatory method and ion ratio precisions 

met the requirements of Commission Decision 2001/657/EC [36]. The identification 

of an analyte is only confirmed, if the ion ratio of the selected transitions in the 

sample matches with those of the standards. In this study, the ion ratios of all the 

spiked samples for recovery and matrix standards were well within the tolerance limit 

(Table 4.4). The required number of IPs for confirmatory analysis was also achieved 

by each analyte as at least two MRMs were selected for each drug.  

The correlation co-efficient (R2) was always greater than or equal to 0.978 for 

all the studied analytes, showing the linearity of the chromatographic response. Since 

there was large number of compounds with different validation levels, the calibration 

ranges were also different for most analytes. The problem of non-linearity aroused 

when the matrix standards were reconstituted in 25 % methanol because higher 

validation level compounds exhibited poor response at 2 and 3 times the validation 

levels. It was thus found that nearly all compounds showed linear behavior in 50 % 

methanol. All the analytes were quantified on the basis of external standard 
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calibration, except for penicillin G, ciprofloxacin, oxolinic acid, sulphadizine and 

dapsone where internal standards were used.     

Poultry meat is a complex matrix due to the presence of a large number of 

proteins and lipids just like any other meat [122]. The effects of matrix on the analysis 

of contaminants are usually observed and is one of the common problem,  which 

occurs during the analysis of biological samples by LC-MS/MS with ESI source 

[121]. These matrix effects can be best explained at the entrance of MS interface, 

where the entities present in the matrix can lead to the suppression or enhancement of 

ionization. This consequently results in peak area variations in matrix as compared to 

peak area without matrix. In the present study, most of the compounds were subjected 

to signal suppression except for some penicillins and macroloids where signal 

elevation was observed. Macroloids normally shows high positive matrix effects as 

explained in previous studies [122]. As expected, in current study, positive matrix 

effects were considerably higher for a few macroloids (Table 4.4). Consequently, 

matrix matched calibration curves were used for the estimation of recoveries to 

overcome the problem encountered by suppression or enhancement of signals. 

According to SANCO guidelines, the mean recoveries at each fortification 

level should be in the range of 70–110% [235]. In this study, the recoveries for most 

of the drugs were within the acceptable limits with a few exceptions. This normally 

happens in a multi-residue method, as large number of multi-functional compounds is 

present in the extraction mixture. A generic approach is needed to extract all the 

analytes in to extraction solvent. In this study, a simple and robust approach, using 

only acetonitrile-water, was applied successfully to effectively recover all the 

analytes. The intra-day and inter-day precision was found to be reasonably good (≤ 20 

%) for nearly all the compounds,  which shows that the variations within the same 

batch and between different batches, were well within the tolerance limits (Table 4.6) 

[235].  

The statistical calculation of CCα and CCβ allows the determination of critical 

concentrations above which the method can distinguish and quantify a contaminant, 

taking into account the variability of the method and the statistical risk to take a 

wrong decision [115]. The CCα and CCβ values for un-licensed drugs in poultry were 

significantly below their validation levels.  As these drugs are not banned but only not 

allowed in poultry, the low detection capabilities (CCβ) are required to avoid their 
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illegal administration [36]. The basic purpose of multi-class multi-residue methods is 

to screen the presence of any undesired contaminant from a wide range of compounds 

in the samples. Only non-negative samples for a particular class or compound can be 

further analyzed through dedicated LC-MS/MS based methods for that particular class 

or compound [237]. 

4.5 Conclusion 

In this study, a simple and highly robust method has been developed for 66 drugs (out 

of 68 drugs) from six classes of the antibiotics. An effort was made to cover the 

determination of almost all the antibiotic drugs from these classes. Sample processing 

was quite simple with only acetonitrile-water extraction followed by clean-up with 

dispersive solid phase extraction. All the antibiotics were analyzed in MRM mode on 

LC-MS/MS and confirmation of each substance was possible on the basis of ion ratios 

and retention times. Validation was done according to Commission Decision 

2002/657/EC. Acceptable recoveries were obtained for most of the analytes using this 

simple approach. The intra-day and inter-day RSD values were found to be ≤ 20 % for 

most of the drugs. The use of biphenyl core-shell column allowed the best separation 

of the closely related sulphonamides, except for sulphisoxazole and sulphatroxazole. 

The proposed method covers the simultaneous analysis of most of the licensed drugs 

as well as many unlicensed drugs, which widely being used in poultry. Decision limit 

(CCα) and detection capability (CCβ) values for unlicensed drugs were well below 

the level used for the validation of these drugs. To date this is the only triple 

quadrupole based LC-MS/MS method, which encompasses almost all the antibiotics 

from six classes.     

Using this simple high-throughput approach, a large number of samples can be 

screened, confirmed and quantified simultaneously, in one working day. Biological 

assays are routinely used at AFBI for the screening of antibiotics and any positive 

identification at or above certain detection level (CCβ) are sent for confirmation to 

chemical confirmatory unit (CCU) for quantification and confirmation, using class 

specific LC-MS/MS based methods. Here, again, most of the quantified samples 

showed results below the decision limits (CCα), and therefore accepted for human 

consumption. Additionally, the samples found positive during screening for two or 

more drug classes required multiple confirmatory methods. This work was part of the 

future planning to replace biological screening methods by LC-MS/MS based multi-
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class multi-residue methods to screen, confirm and quantify veterinary drug residues 

at AFBI. The proposed method can be efficiently applied for routine analysis of a 

large number of substances from common antibiotic classes. The future plan is to 

include add more drugs from other classes of veterinary drugs for a wider scope 

application of multi-class method.  

 



 

 

 

5   UPLC-MS/MS Based Confirmatory 

Analysis of Penicillins and Cephalosporins in 

Bovine Milk Samples   

5.1 Introduction 

Penicillins and cephalosporins are classified as β-lactam antibiotics as they contain β-

lactam ring as the core structure. These antibiotics are being extensively used against 

various bacterial infections in humans and veterinary medicines. In milk producing 

animals, especially in the cows, they are used to treat mastitis [238].  According to a 

survey report for the year 1997, 322 tons of penicillins were administered to various 

animals in European Union (EU) [239]. In addition to the emergence of multidrug 

resistance, the residues of these drugs in animal food products, can evoke allergic 

reactions in hypersensitive patients [76]. Therefore, to avoid the residues reaching to 

consumers, strict monitoring is required to save from health hazards. Maximum 

residue limits (MRLs) laid down in Commission Regulation 2010/37/EU for 

penicillins and cephalosporins in milk which are given in Table 5.1 [150]. It should be 

noted that phenoxy-methylpenicillin (Pen V) is not allowed for milk-producing 

species so and therefore no MRL is given for this drug. 

Table 5.1 Maximum residue limits for β-lactams in milk according to 

2010/37/EU 

Drug name MRL Drug name MRL 

Amoxicillin 4 Cefacetrile 125 

Ampicillin 4 Cephalexin 100 

Penicillin G 4 Cefalonium 20 

Cloxacillin 30 Cefapirin 60 

Dicloxacillin 30 Cefazolin 50 

Nafcillin 30 Cefoperazone 50 

Oxacillin 30 Cefquinome 20 

Pen V 

(phenoxy-methylpenicillin) 

Not allowed Ceftiofur 100 

 

Various biological assays such as microbial inhibition, receptor based or 

immunoassays are routinely being routinely used for quick detection of β-lactam 

antibiotics in the field and in labs. However, liquid chromatography attached with 
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mass spectrometry (LC-MS/MS) provides the best results as it can identify, confirm 

and quantify the drug residues simultaneously [76]. Several LC-MS/MS based 

methodologies have been reported in literature for the analysis of β-lactam drug 

residues in milk and many other food matrices [76, 238, 240-246]. However, the 

methods which include the whole range of β-lactams, are scarce and only a few 

methods can be found in literature such as Becker et al.[76] analyzed 15 drugs, 

Dorival-Garcia et al.[246] 14 drugs, Mastovska et al.[244] 11 drugs, and Kantiani et 

al.[245] 10 drugs.  

Pakistan is amongst the top 5 milk producing countries in the world and this 

has huge contribution in agriculture sector of Pakistan [247]. Since the hygienic 

conditions are not so good due to lack of knowledge and poverty, the milk producing 

animals often encounter various infectious diseases.  Improper usage of veterinary 

drugs therefore cannot be ignored as the local farmers do treat animals on their own 

without proper consultancy with veterinarians. Proper record and documentation 

regarding the usage and prevalence of drug residues in milk and other animal products 

is thus missing. Unfortunately, due to the lack of government interest there is no 

implementation and observance of any international or indigenous regulations to 

control the veterinary drug residues in Pakistan.   

The aim of the present work was to get the data representative the frequency 

of β-lactam drug residues in various bovine milk samples obtained from Punjab 

province which is the major milk production region in Pakistan [247]. In this study, 

60 bovine milk samples were randomly collected from local markets at Faisalabad 

and Sargodha districts. In addition, 20 packed samples of ultra-high temperature 

treated (UHT), were also selected. All the samples were analyzed by UPLC-MS/MS 

based method (CSD 344, version 5) for the detection of penicillins and cephalosporins 

in tissues, milk and eggs at CSB, VSD, AFBI-NI, UK. This method has already been 

validated according to the EU legislations [36] for the analysis of penicillins and 

cephalosporins in bovine, ovine and porcine kidneys; avian, bovine and porcine 

muscles, eggs and milk. Deuterated D7-benzylpenicillin (D7-Penicillin G) was used as 

an internal standard for the quantification of results. Desfuroylceftiofur cysteine 

disulphide (DCCD) and desacetylcefapirin, which are the major metabolites of 

ceftiofur and cefapirin, respectively, were also determined in this study [76, 248].  

 



Chapter 5: UPLC-MS/MS based Confirmatory analysis of Penicillins 

 

156 

 

5.2 Materials and Methods 

5.2.1 Apparatus and Chemicals Required 

Analytical Balance (5 decimal points), top pan balance, screw-capped plastic 

centrifuge tubes 50 ml, graduated cylinders 250 ml, volumetric flasks 10 ml, 20 ml,  

graduated pipettes 10 ml, 25 ml, Pasteur pipettes, Chromacol round-bottomed micro 

vials or Waters 2 ml vials, amber vials 25 ml, refrigerated centrifuge, adjustable 

piston-operated pipettes covering the range of 25 – 1000μl, turbovap sample 

concentrator, VWR multi-tube vortexer, borosilicate glass centrifuge tubes 16 x 100 

mm, eppendorf vials 1.5 ml, eppendorf centrifuge, vacuum pump with waste reservoir 

and Schott bottles 250ml, 500ml were employed for our study. Analytical grade 

solvents and reagents were used in all of the analyse. The solvents and reagents used 

were acetonitrile, methanol and ammonium formate. For dSPE, Bakerbond octadecyl 

C-18 sorbent (40 µm) was used.  

5.2.2 Preparation of Stock Standard Solutions 

Primary Standard Solutions (100 µg/ml) 

The corrections for masses were made before preparation of primary stock solutions. 

The mass corrections may include standard purity of the analytes, water correction 

and/ or salt correction using the following formula: 

Mass (mg) = Nominal mass
    (10 mg)

x
100

% purity
x

M.Wt of compound + Water of Cyst

M.Wt of compound

x Salt correction

   

    (5-1) 

Table 5.2 represents the salt/hydrated form of each analyte. While Table 5.3 

represents the amount of each analyte required to prepare 100 µg/ml primary standard 

solutions in 100 ml methanol/water (1/1 v/v). The required amount of each analyte 

was dissolved in methanol/water (1/1 v/v) and the volume made up to mark in 100 ml 

volumetric flask. Only for ceftiofur, the primary standard was made in methanol. The 

primary standard solution of D7-Penicillin G (internal standard) was made in 50 ml. 

These primary stock solutions were transferred to amber vials and stored in freezer for 

3 months. 
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Table 5.2 Standard powders present as salt or hydrate 

Drug name Salt Hydrate Drug name Salt Hydrate 

Amoxicillin - - Cefalexin - - 

Ampicillin sodium - Cefalonium - - 

Penicillin G sodium - Cefapirin sodium - 

Cloxacillin sodium mono Cefazolin sodium - 

Dicloxacillin sodium mono Cefoperazone sodium - 

Nafcillin sodium mono Cefquinome sulphate - 

Oxacillin sodium mono Ceftiofur   

Pencillin V potassium -    

 

Mixed Secondary Standards (5 µg/ml) and Secondary Internal Standard (10µg/ml) 

Aliquots of 1 ml from each primary standard (100 µg/ml) were transferred to 20 ml 

volumetric flask through pipette and diluted to the mark with methanol/water (1/1 

v/v). Aliquots of mixed secondary solution (5 µg/ml) were pipettet into 2 ml Wheaton 

vials to be used for spiking. All these secondary solutions were stored in freezer for 

one month. Secondary internal standard was prepared by taking an aliquot of 5 ml 

from 100 µg/ml primary standard and diluted to the mark in a 50 ml volumetric flask 

with methanol/water (1/1 v/v). It was also stored in the freezer for a period 1 month.  

Mixed Tertiary Standards (1 µg/ml) and Tertiary Internal Standard (1 µg/ml) 

Mixed tertiary standards (1 µg/ml) were prepared by diluting 10 ml of the mixed 

secondary standard (5 µg/ml) to 50 ml in a volumetric flask with methanol/water (1/1 

v/v). Aliquots of this mixed tertiary standard were pipetted into 2 ml Wheaton vials 

and stored in the freezer for 1 month. Tertiary internal standard (1 µg/ml) was 

prepared by diluting 10 ml secondary internal standard to 50 ml in a volumetric flask 

methanol/water (1/1, v/v) and stored in the freezer for a period of 1 month. 
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Table 5.3 Mass corrections for 15 β-lactam analytes and D7-Penicillin G internal standard 

Drug name Mol. Wt Purity Purity 

correction 

Water 

correction 

Salt 

correction 

Correction calculation 

 

Mass required 

(corrected value x 10) 

Amoxicillin 419.45 98.7 1.013 1.148 1.000 (419.45) / (419.45 -54) 11.63 

Ampicillin 403.45 99.7 1.003 1.155 1.000 (403.45)/(403.45 - 54) 11.58 

Penicillin G 372.48 99.6 1.004 1.000 1.117 372.48 / (372.48 - 39) 11.21 

Cloxacillin 475.88 98.5 1.015 1.039 1.051 (475.88 /(475.88-18) + (475.88 / 

(475.88 - 23) 

11.07 

Dicloxacillin 510.32 97.7 1.024 1.037 1.047 (510.32 /(510.32-18) + (510.32 / 

(510.32 - 23) 

11.09 

Nafcillin 454.47 90.1 1.110 1.000 1.000 100/90.1 11.10 

Oxacillin 441.43 99.2 1.008 1.043 1.055 (441.43 /(441.43-18) + (441.43 / 

(441.43 - 23) 

11.06 

Pen V 388.48 98.9 1.011 1.000 1.112 (388.48)/(388.48 - 39) 11.24 

Cephalexin 347.39 100.0 1.000 1.052 1.000 (347.39 + 18) / 347.39 10.52 

Cefalonium 458.51 99.6 1.004 1.039 1.000 (458.51 + 18) / 458.51 10.43 

Cefapirin 445.45 98.0 1.020 1.000 1.054 445.45 / (445.45 - 23) 10.76 

Cefazolin 476.49 97.4 1.027 1.019 1.051 (476.49 + 9)/ 476.49   +   476.49 / 

(476.49 - 23) 

10.98 

Cefoperazone 667.65 93.6 1.068 1.054 1.036 (667.65 + 36 / 667.65) + 667.65 / 

(667.65 - 23) 

11.64 

Cefquinome 626.68 99.4 1.006 1.029 1.185 (626.68 + 18) / 626.88 + 626.68 / 

(626.68 - 98) 

12.21 

Ceftiofur 523.56 99.0 1.010 1.034 1.000 (523.56 + 18) / 523.56 10.45 

Cefacetrile 357 95.0 1.053 1.000 1.000 100/95 10.52 

D7-Penicillin G (Internal 

Std) 

419.45 1.000 1.000 1.000 1.000 - 5.0 
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5.2.3 Sampling 

In this study, 80 raw bovine milk samples in total were purchased randomly from 

local markets in Faisalabad and Sargodha districts of Punjab, Pakistan during the 

tenure from August 2013 – December 2013. Out of these 80 samples, 42 were 

obtained from Faisalabad and 18 samples were collected from Sargodha districts. The 

remaining 20 were included from ultra-high temperature treated (UHT) whole milk 

samples (1 liter packing) obtained from three well-known companies, working in 

Pakistan. The samples were stored at -20 °C until the analysis started. The samples 

were shipped (in dry ice) for analysis to Veterinary Science Division (VSD), Agri-

Food and Biosciences Institute (AFBI), Northern Ireland, Belfast UK after getting 

license from the Department of Agriculture and Rural Affairs (DARD), Northern 

Ireland, UK. On arrival at AFBI, the samples were removed immediately from 

shipping box and again stored at -20 °C. The samples were removed from freezer and 

completely thawed before the start of analysis.        

5.2.4 Sample Processing 

Composition of a Batch for Analysis 

The milk samples were run in four batches hence. 20 samples were run in each batch 

in duplicate. With each batch, two recoveries, two negatives and two quality 

assurance (QA) samples, were also run. Penicillins and cephalosporins have various 

MRLs, so for convenience, the recovery samples were spiked with 80 µl mixed 

tertiary standard (equivalent to 20 µg/kg). QA samples were spiked by qualified 

member of the staff and the record was not disclosed until analysis completed. The 

spiking volume for QA samples ranged from 40 – 160 µl while using the mixed 

tertiary standard (1 µg/ml).  

Matrix-spiked calibration standards were prepared afresh with each batch of 

analysis. A total of six matrix matched calibration standards were prepared by spiking 

the negative milk extracts with the specified volumes, given in Table 5.4. Negative 

raw whole milk, after priroly confirmation for being antibiotic-free, was used for 

recovery, QA and matrix matched standards. Each batch thus comprised of 52 sample 

tubes comprising of 2 recoveries, 2 negatives, 2 QA, 6 matrix standards, and 20 test 

samples in duplicate. 
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Table 5.4 Matrix matched calibration standards and volume of 

standard solutions required 

Concentration 

(µg/kg) 

Vol. tertiary 

1µg/ml std (µl) 

Vol. secondary 

5 µg/ml std (µl) 

Vol. tertiary 1µg/ml 

internal std (µl) 

2.5 10 - 80 

5 20 - 80 

20 80 - 80 

50 200 - 80 

100 - 80 80 

150 - 120 80 
 

Procedure for Sample Extraction 

Milk samples (4 ± 0.01 ml) were pipette out into 50 ml screw-capped plastic 

centrifuge tubes. To each tube, except for matrix standards, 80 µl of tertiary internal 

standard (1 µg/ml) was added with the help of a pipette. The recoveries were then 

added and presented QA to a qualified staff member for spiking appropriate volumes 

of mixed tertiary standards. After 10 minute of equilibration, 10 ml of acetonitrile was 

added to each tube and placed on multi-tube vortex for 10 minutes. The samples were 

then centrifuged for 10 minutes at 3500 rpm and each of the supernatants was 

transferred to  50 ml centrifuge tubes each containing 0.5 g of Bakerbond C18 (40 

µm) sorbent. The tubes were then vortexed for 1 minute and centrifuged for 10 

minutes at 3500 rpm. At this point, the matrix standards were set by adding 

appropriate amounts of mixed secondary or tertiary standards and tertiary internal 

standard in 16 x 100 mm glass tubes (see Table 5.4 for required volumes).    

All the supernatants were decanted to glass tubes and evaporated in turbovap 

at 40 ± 3 °C until approximately 1 ml remained in each tube. The leveling to 1ml in 

each tube was done by visual comparison to leveling tube containing 1 ml water. If 

the volume was less, water was added drop-wise with the help of Pasteur pipette. The 

extracts were transferred to 1.5 ml eppendorf tubes and centrifuged at 13000 rpm for 

5 minutes. From the samples solutions 150 µl of samples were transferred to Waters 

micro-vials with insert and the remaining extracts were stored at – 20 °C.  
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5.2.5 Instrumentation  

Ultra Performance Liquid Chromatography (UPLC) 

Waters Acquity UPLC system was used to perform chromatography using mobile 

phase, 20 mM ammonium formate (A) and 20 mM ammonium formate in water and 

acetonitrile (10 + 90 v/v) (B) at a flow rate of 0.2 ml/min. The column used was 

Phenomenex Luna HST (100 x 2 mm, 2.5 µm) coupled with Phenomenex security 

guard column (C 18, 4 x 2 mm). One analytical run took 12 minutes and the injection 

volume was set at 20 µl. The UPLC gradient for elution is shown in Table 5.5. 

Column and sample compartment temperature was maintained at 40 and 10 °C, 

respectively. Following solvents were used for needle wash to reduce the carry over: 

Table 5.5 UPLC gradient used for chromatographic separation 

Time (min) Flow Rate (ml/min) % A % B 

0.0 0.2 100 0 

8.0 0.2 40 60 

9.0 0.2 100 0 

12.0 0.2 100 0 

 

a) Weak Wash – acetonitrile/Water (10 + 90 v/v)  

Acetonitrile (25 ml) was mixed with 225 ml of water and filtered under vacuum 

through a 0.2 µm filter. Fresh solution was prepared for each run.  

b) Strong Wash – acetonitrile/water (90 + 10 v/v)  

Acetonitrile (90 ml) was mixed with 10 ml of water and filtered under vacuum 

through a 0.2 µm filter. It could be used for one week and stored at room temperature. 

Mass Spectrometer  

Waters Premier XE triple quadrupole mass spectrometer was used for MS/MS 

analysis. The instrument was operated in ESI+ and all the samples were analyzed in 

MRM mode. Minimum 2 MRMs were selected for each ion to satisfy the 

confirmatory requirement based on identification points. However, for some 

compounds three or four MRMs were also selected. The parameters used for the 

MS/MS analysis, are shown in Table 5.6. The quantification of results was obtained 

using MassLynx 4.1 software (Waters). 
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Table 5.6 MS conditions used for various MRMs and retention times of β-lactam drugs 

Drug name MRM1 

(quantitative) 

MRM2 

(confirmatory) 

Dwell time 

(seconds) 

Cone voltage Collision 

energy 

RT (min) 

Amoxicillin 366.00 > 113.90 366.00 > 207.90 0.08 16 23 3.2 

Ampicillin 350.00 > 106.00 350.00 > 160.00 0.02 27 14 4.2 

Penicillin G 335.00 > 160.00 335.00 > 176.00 0.02 22 13 6.1 

Cloxacillin 436.00 > 160.00 436.00 > 277.00 0.035 27 16 7.1 

Dicloxacillin 470.00 > 160.00 470.00 > 311.00 0.05 27 15 7.6 

Nafcillin 415.10 > 171.00 415.10 > 199.00 0.04 25 38 7.2 

Oxacillin 402.10 > 160.00 402.10 > 186.30 0.035 25 17 6.7 

Penicillin V 351.00 > 114.00 351.00 > 160.00 0.02 23 36 6.4 

Cephalexin 348.00 > 106.00 348.00 > 158.00 0.02 22 31 4.1 

Cefalonium 459.00 > 152.00 459.00 > 337.00 0.02 20 20 4.8 

Cefapirin 424.00 > 292.00 424.00 > 320.00 0.02 28 15 4.9 

Cefazolin 455.00 > 155.90 455.00 > 295.10 0.02 22 15 4.5 

Cefoperazone 646.00 > 143.20 646.00 > 530.20 0.03 28 33 5.3 

Cefquinome 529.00 > 134.00 529.00 > 396.00 0.02 25 17 4.6 

Ceftiofur 523.80 > 241.00 523.80 > 285.00 0.04 28 17 5.8 
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Cefacetrile 357.20 > 280.3 357.2 > 155.9 0.02 23 18 4.1 

DCCD 549.10 > 182.90 549.10 > 240.90 0.05 30 33 3.9 

Desacetylcefapirin 382.10 > 151.90 382.10 > 225.90 0.05 22 26 4.2 

D7-Penicillin G (Internal Std) 342.00 > 160.00 - 0.02 22 18 5.8 
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5.3 Results 

This is the first study conducted in Pakistan to evaluate the occurrence of 

contaminants of β-lactam antibiotics in milk. As all the drugs except for penicillin V 

are licensed for milk producing species, CCα and CCβ values have been calculated at 

5 % α and β errors. According to EU legislation 2002/657/EC [36], the samples  

showing the presence of  contaminants above CCα would be considered as non-

compliant and rejected to be fit for human consumption. In case of banned drugs 

and/or unlicensed drugs, the presence of drug residues even in low levels is 

considered as non-compliant. The validation parameters of the β-lactam antibiotics for 

three validation runs in bovine milk are presented in Table 5.7.  

It should be noted that cefacetrile has not been validated as this drug was 

recently introduced in the current method. During sample analysis, the recoveries of 

the spiked samples were considered satisfactory if both recoveries fell under advisory 

flags (% recovery of the method ± 20). In the current sample analysis, total eight 

recoveries were run with four batches and average recoveries for all compounds was 

not more than ± 13 % of the method recoveries given in Table 5.7. The representative 

MRM chromatogram of a recovery sample is shown in Figure 5-1. 
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Table 5.7 Validation results for β-lactam antibiotics from three 

validation experiments in bovine milk according to 2002/657/EC 

Penicillins & cephalosporins in milk  

Based on 3 validation runs      

Drugs MRL Validation level CCα CCβ % Recovery 

Amoxicillin 4 4 5.7 7.3 92.5 

Ampicillin 4 4 4.6 5.1 133.2 

Pen G 4 4 4.5 5 94.7 

Cloxacillin 30 30 38 45 87.8 

Dicloxacillin 30 30 37 44 98.3 

Nafcillin 30 30 36 39 89.6 

Oxacillin 30 30 37 43 101.8 

Pen V 0 0 1.3 2.2 105.3 

Cephalexin 100 100 110 121 62.1 

Cefalonium 20 20 23 26 78.3 

Cefapirin 60 60 67 75 85.5 

Cefazolin 50 50 56 62 80.9 

Cefoperazone 50 50 60 70 87.6 

Cefquinome 20 20 23 26 82.5 

Ceftiofur 100 100 110 121 86.3 

 

The results were calculated by running the matrix matched calibration curves 

on each day with each batch of analysis. The linearity of the chromatographic 

response was excellent (> 0.99) for all drugs. Response factor was calculated from the 

following formula: 

Area of analytical STD x Conc. of Internal STD

Area of Internal STD

Response factor =

          (5-2) 
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Figure 5-1 MRM chromatograms of all β-lactam drugs in recovery 

sample at 20 µg/kg spiking level for each drug 

 

The concentration of the internal standard was kept constant, so the response 

factor was calculated from area of the analyte to the area of the internal standard only. 

Matrix matched linear curves of all the standards are shown in Figure 5-2. 
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Figure 5-2 Representative chromatograms of matrix matched 

standard curves for 16 β-lactam drugs, response factor based on area 

of analyte and internal standard 
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The analysis of the 80 milk samples confirmed that only 18 samples were 

contaminated with amoxicillin, ampicillin, Penicillin G and cloxacillin. Amoxicillin 

was found in 5 samples and 2 of them contained residues above decision limit (CCα). 

Ampicillin was detected in 3 samples (UHT treated) with only one sample had drug 

level above CCα. Also, 2 samples contained both amoxicillin and ampicillin drugs at 

very low levels. Penicillin G was found in 7 milk samples and only 2 of them showed 

residues above decision limit (CCα). Cloxacillin was found in 1 sample at very low 

levels. No other drug was detected in rest of the samples. Overall, the results of this 

prevalence study are presented in Table 5.8. Figure 5-3 represents the chromatogram 

of FSD-22 milk sample contaminated with amoxicillin at 13.75 µg/kg. 

 

Figure 5-3 Representative chromatogram of a milk sample (FSD-22) 
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Table 5.8 Concentration of β-lactam antibiotics detected in tested 

samples (mean ± SD) 

Sample 

ID 

Analyte Concentration  

(µg/kg) 

Remarks 

(above or below 

CCα) 

FSD-7 Amoxicillin 1.45 ± 0.16 Below 

FSD-9 Penicillin G 0.78 ± 0.3 Below 

FSD-14 Penicillin G 3.5 ± 0.9 Below 

FSD-19 Amoxicillin 6.85 ± 1.1 Above 

FSD-22 Amoxicillin 13.75 ± 1.8 Above 

FSD-23 Penicillin G 1.93 ± 0.08 Below 

FSD-29 Amoxicillin 4.6 ± 0.16 Below 

FSD-31 Penicillin G 2.4 ± 0.7 Below 

FSD-38 Amoxicillin + Ampicillin 0.95 ± 0.12,  1.2 ± 0.06 Below 

FSD-41 Penicillin G 4.1 ± 0.54 Below 

FSD-42 Amoxicillin + Ampicillin 1.18 ± 0.31 + 2.1 ± 0.11 Below 

SGD-47 Amoxicillin 2.7 ± 0.2 Below 

SGD-51 Penicillin G 6.3 ± 0.7 Above 

SGD-55 Penicillin G 19.5 ± 1.6 Above 

SGD-56 Cloxacillin 5.32 ± 0.6 Below 

UHT-2 Ampicillin 8.3 ± 0.9 Above 

UHT-7 Ampicillin 0.95 ± 0.76 Below 

UHT-17 Ampicillin 1.13 ± 0.2 Below 

Duplicate samples were tested; FSD = Faisalabad; SGD = Sargodha; UHT = Ultra-high temperature 

5.4  Discussion 

Pakistan is agriculture based country with major livestock sector. Milk contributes as 

one of the main source of income for local farmers. Antibiotic drugs are routinely 

used for the treatment of various microbial diseases but the non-regularized 

administration is a serious problem. When proper withdrawal period is not followed 

and excessive use is practiced, it leads to the transmission of residues in final 

products. It is, therefore necessary that sensitive analytical methods should be devised 

for the monitoring of veterinary drug residues for the human protection.  

This study was conducted to estimate the prevalence of penicillin antibiotic 

group in milk samples using LC-MS/MS based confirmatory method. The data 

obtained from this study, showed that only few β-lactam antibiotics are being used in 

Pakistan. Only amoxicillin, ampicillin, Penicillin G and cloxacillin were found and 

confirmed in 18 samples, which accounts for 22.5 % of the total analyzed samples. 

However, 5 samples (6.25 % of total samples) were found to be contaminated above 

decision limits (CCα).  Rest of the positive samples had residue concentration below 
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CCα. The occurrence of amoxicillin, ampicillin and Penicillin G represents the broad 

use of these drugs especially amoxicillin and Penicillin G for the treatment of bovine 

mastitis as discussed in previous studies [7, 76, 238, 249]. Ghidini et al.[238] used 

LC-MS/MS based method to analyze 53 bovine milk samples already found positive 

in microbial inhibition assay. The author reported that Penicillin G was found in 26 

samples, Amoxicillin in 3 and cefapirin in 1 sample. Moats et al.[249] analyzed 54 

milk samples, found positive during biological screening tests on HPLC and Penicillin 

G was detected in 2 sample, amoxicillin in 1, ampicillin in 3, cefapirin in 9 and 

desacetylcefapirin in 2 samples. A broad-range study in Croatia analyzing 1259 

samples using microbiological or immunoassays and confirmation through HPLC-

DAD, also showed the presence of Penicillin G and amoxicillin in few samples [7].  

In current study, only one class of antibiotics was targeted and it depicts that 

the problem of drug residues do exist. The frequency of samples showing positive 

results for the presence of β-lactam antibiotics, is may be alarming. More studies will 

be required to ascertain the real picture about the prevalence of veterinary drug 

residues in milk. On the basis of generated data recommendations emerged, efforts 

should be made to implement the regulations for the proper use of these drugs in milk 

producing animals. 

5.5  Conclusion   

This study concluded the occurrence of a reasonable level of β-lactam antibiotics in 

bovine milk samples randomly selected from two major districts (Faisalabad and 

Sargodha) of Punjab, Pakistan. Milk samples were analyzed through UPLC-MS/MS 

confirmatory method already validated for various animal tissues and milk samples, 

according to the EU legislations. The final results revealed that 22.5 % of the total 

tested samples were found to be contaminated at different levels with mainly three 

drugs (Penicillin G, amoxicillin, and ampicillin). However, the samples showing 

contaminants level above permissible limits were only 6.25 % of the total samples. 

The results also showed that Penicillin G, amoxicillin and ampicillin are the most 

widely used β-lactam antibiotic drugs in Pakistan, for the treatment of mastitis and 

other microbial infections in bovine. This study may shed the light on the 

contamination of milk with β-lactam antibiotics residues. These initial findings may 

contribute to devise strategies by the Food Regulatory Authorities (in Pakistan), 

which could help to minimize these antibiotics in milk and consequently to avoid the 
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health hazards associated with these residues. More studies would be required, which 

can cover the additional antibiotics and also the wider areas of Pakistan to get further 

clear picture. 



 

 

 

6 General Discussion (Summary) 

Monitoring of drug residues in animal food products is on-going public interest as 

food safety is one of the important issues, which is associated with human health. 

Additionally, there are also environmental concerns originated by the misuse and 

uncontrolled administration of veterinary drugs. Antibiotics are widely used in 

veterinary against a large number of infectious diseases and for prophylactic purpose. 

These antibiotic drug residues, when entered in to the food chain, they affect the 

human gut micro-biota, which alter their synergistic balance and lead to the 

development of antibiotic resistance in different bacterial strains. Various regulatory 

authorities worldwide have provided rules and regulation for the proper use, control 

and monitoring of drug residues. Regulatory limits have also been set by taking in to 

account the risk associated with each/individual drug, which led the banning of the 

hazardous substances for public interest. Underdeveloped and developing countries 

are facing extra health burden due to lack of awareness among farmers and veterinary 

practitioners, as they do not follow the proper withdrawal times and misuse the 

veterinary drugs. Additionally, there is a shortage of analytical facilities to analyze 

contaminants that may be present in food products. Consequently, these countries are 

facing a lot of problems to export food items in international market, owing to their 

lack of the infrastructure and capabilities to analyze the food contaminants, prohibited 

for human consumption, which are not allowed in global market especially in the 

developed countries. 

This thesis work was accomplished to develop different LC-MS/MS based 

analytical methods for the routine analysis of various classes of antibiotics in meat 

and milk samples. The particular emphasis was given to develop methods that give 

high through-put sample analysis. Thorough background of veterinary drugs and 

preface of different legislations set by autonomous bodies, are given in chapter 1. 

Various rules and regulations required for the method development and validation 

procedures according to EU criteria which have also been discussed. Validation is the 

foundation of an analytical method to make it fit for the purpose. The users of the 

analytical methods generally focus on the validation process according to their own 
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needs but broadly speaking, there are some common characteristics and features that 

all validation procedures should have [250]. These common features include: analysis 

over whole concentration ranges; matrices; and various method development 

parameters. In addition, if the method has to be applied in other laboratories with 

different environment and equipment, the performance of the method must be 

checked accordingly.  

In current study, the first LC-MS/MS based method was developed for the 

analysis of florfenicol residues in broiler chicken muscles and validated according to 

EU guidelines given in Commission Decision 657/2002/EC. This method was applied 

for the estimation of florfenicol residues that could not be extracted through routine 

solvent extraction procedures. Also relative distribution in muscles, liver and kidney 

samples of broiler chicken was assessed after giving the multiple oral doses of this 

drug. It was found that most of the florfenicol residues and metabolites remained 

intact with tissues and could not be extracted with simple organic solvent extraction. 

Acid hydrolysis released the non-extractable residues and converted all of them to 

florfenicol amine that could be extracted later with ethyl acetate at pH (10.5). Kidney 

was found to be the major reservoir for retaining the florfenicol residues as compared 

to liver and muscles.  

The second LC-MS/MS method was developed for the simultaneous analysis 

of chloramphenicol, thiamphenicol, florfenicol and florfenicol amine in chicken 

muscles. Validation was done according to EU guidelines and applied for the 

estimation of amphenicol residues in broiler meat samples collected randomly from 

three cities of Punjab, Pakistan. Chloramphenicol was detected and confirmed in a 

few samples at very low levels. Chloramphenicol is not allowed in food producing 

animals in European Union and many other countries, due to the toxicological effects. 

However the presence of chloramphenicol at very low levels does not depict that it 

appeared due to the illegal administration of this drug to poultry birds. Evidence from 

other studies suggests that this drug is also produced naturally from soil bacteria 

Streptomyces venezuela. This naturally occurring chloramphenicol is taken up by 

plant material and may contaminate the compound feed used in poultry and pig 

industry. As this method is based on liquid-liquid extraction without acid hydrolysis, 

only un-bound residues of florfenicol could be extracted in incurred samples. But the 

evidence can be obtained about the occurrence of florfenicol residues.  
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Linear ion trap (LTQ-XL) mass spectrometer was used in both the developed 

methods for the amphenicol residues and all the required parameters for method 

validation were successfully addressed. Next method is based on QqQ mass 

spectrometer connected with HPLC again poultry meat was targeted for the method 

development and validation studies. This method has huge applications from the 

screening and confirmatory point of view. A total of 66 antibiotics out of 68 were 

successfully analyzed using this method. Finally, the last chapter represents the data 

obtained from analysis of milk samples collected from two cities of Punjab, Pakistan, 

for penicillin and cephalosporin residues. UPLC-MS/MS based method was used for 

the analysis of milk samples. The method had already been validated for various 

tissues of different animals and milk samples at Chemical Surveillance Branch, AFBI, 

Belfast, UK. Amoxicillin, ampicillin and penicillin G was found in few samples 

which indicate that only few penicillin drugs are being prescribed and used in 

Pakistan against infectious diseases of lactating animals. 

This is probably the first PhD thesis, embarking upon the capability and 

capacity development, for the confirmatory analysis of various drug residues in meat 

and milk in Pakistan. The future applications of the methods would be, to survey a 

variety of meat and milk samples including their products to determine prevalence of 

antibiotic residues throughout Pakistan. The area of veterinary drug residues is least 

considered in developing countries like Pakistan and this work is a modest effort to 

highlight this issue to save human health. 
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