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ABSTRACT 

The use of veterinary drugs continues to be a challenge since some farmers use drugs for medicinal 

purposes, while others use them as growth promoters without observing the set withdrawal times.  In 

emerging economies, challenges are experienced in residue testing to ensure residue free animal 

products.  It is therefore necessary to develop a simple, environmentally friendly and cost effective 

extraction method for veterinary drugs residues.  A dispersive liquid-liquid micro-extraction method 

for simultaneous determination of chloramphenicol, florfenicol and thiamphenicol residues in water, 

bovine muscle and milk was developed optimised and validated.  Analysis was performed with liquid 

chromatography coupled to electron spray ionization tandem mass spectrometry in negative ion 

multiple reaction monitoring mode.  Dispersive liquid-liquid micro-extraction method development 

involved optimisation of parameters such as type and volume of extraction solvent, type and volume of 

disperser solvent and pH.  The optimum extraction solvent was dichloromethane at a volume of 250 µL 

while the optimum disperser solvent was acetonitrile (1 mL) Extraction was found to be optimum at pH 

7.  The developed method was validated according to Commission decision 2002/657/EC.  

 

Linearity was observed for water, bovine milk and muscle in the ranges of 0.3 µg kg-1 to 0.9 µg kg-1, 

25 µg kg-1 to 100 µg kg-1 and 50 µg kg-1 to 200 µg kg-1 for chloramphenicol, thiamphenicol and 

florfenicol respectively with regression coefficients ranging between 0.9941 and 0.9999.  Limit of 

detections for CAP, FFC & THAP were 0.082, 3.31, and 2.21 µg kg-1 respectively while Limit of 

quantifications were 0.163, 7.51 and 6.84  µg kg-1 respectively.  The recoveries for water, bovine milk 

and bovine muscle ranged between 87.2% and 102%.  In this study the validated dispersive liquid-liquid 

micro-extraction has been found to perform very well not only in the water matrix but also in the more 

complex matrices like bovine milk and muscle.   
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CHAPTER ONE 

1  Introduction  

1.1 Background 

Climate change and disease outbreaks around the world make livestock prone to infections and 

malnutrition since animal feed becomes scarce.  As a result of these challenges, veterinary drugs have 

been used to protect the animals and reduce the cost of production, making the products affordable to 

all consumers.  Veterinary antibiotics were introduced around the 1950’s with the use of oxytetracycline 

and chlortetracycline for promoting growth in food producing animals [1].  Today there is a wide range 

of antibiotics available in the market such as β-lactims, sulphonamides, ionophores, tetracyclines, 

aminoglycocides, quinolones, nitrofurans, nitroimidazoles and amphenicols.  Veterinary drugs are 

effective against gram negative and gram positive bacteria by inhibiting ribosomal translation [2].  

 

Residues of veterinary drugs in animal husbandry may end up being ingested by humans if the 

recommended withdrawal periods are not observed, often resulting in some adverse reactions.  For 

example, quinolones (e.g. enrofloxacin) may cause allergic reactions and continual exposure or 

ingestion of these antibiotics in meat and meat products may cause antibiotic resistant bacteria [3].  

Furazolidone has been reported to have carcinogenic and mutagenic effects on humans and its use in 

animals for consumption by humans should be avoided [4]. 

 

1.2 Classification of veterinary drugs  

The European Union has set the requirements for levels of veterinary drug residues which are safe for 

human consumption.  These drugs are classified into two groups; A being the prohibitted veterinary 

drugs and B being veterinary drugs with maximum residue limits as presented in Table 1.1.  

Table 1.1  Classification of veterinary drugs 
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GROUP A – Prohibited substances 

Minimum Required Performance Limit (MRPL) 

GROUP B – Permitted substances 

Maximum Residue Limits (MRL) 

A1 Stilbenes B1 Antimicrobials 

A2 Thyreostats B2a Avermectins 

A3 Acetylgestagens Benzimidazoles 

Steroids B2b Anticoccidials 

A4 Zeranol B2c Carbamates and 

Pyrethroids 

A5 Beta-agonists B2d Sedatives 

A6 Chloramphenicol B2e NSAIDS 

Nitrofurans B2f Glucocorticoids 

Nitroimidazoles B3a & b Pesticides 

 B3c Heavy metals 

B3d Mycotoxins 

 

In 1968, the Joint Food and Agricultural Organisation/World Health Organisation expert committee on 

food additives (JECFA) banned the use of Chloramphenicol (CAP) with recommendations that “CAP 

should not be used for any purpose that might result in the presence of residues in food for human 

consumption” [5].  

 

Chloramphenicol is listed in Annex IV of Council Regulation 2377/90/EC under group A6 compounds 

[6].  Chloramphenicol is a prohibited antibiotic with Minimum Required Performance Limit (MRPL) 

of 0.3 µg kg-1 while florfenicol and thiamphenicol have Maximum Residues Limit (MRL) of 100 µg 

kg-1 and 50 µg kg-1 respectively [7].  It is therefore necessary to have a test method that is sensitive 

enough to detect the drug residues at the set MRPL and MRLs.  The use of chloramphenicol, florfenicol 
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and thiamphenicol in food producing animals is monitored/controlled according to the Botswana 

residue control plans [8]. 

 

1.3 Motivation for the current study 

In recent years, there has been growing concern about veterinary drugs residues in meat and animal 

products destined for human consumption.  Farmers in certain areas around the world are still using 

prohibited and/or MRL veterinary drugs without observing the set withdrawal times. It  is therefore 

necessary to monitor their levels in animal products.  The European Union, as the main importer of 

Botswana beef, has set conditions that “A monitoring system must be in place to verify compliance 

with EU requirements or residues of veterinary medicines, pesticides and contaminants” [8].  It is 

understable that the exporter adheres and is compliant to the EU directives and regulations for beef and 

beef products destined to the European Union market [9].  The requirements include prohibition of the 

use of some veterinary drugs in livestock as well as standard validated methods for sampling, sample 

preparation and analysis techniques.  

 

Sample preparation is a crucial step of any analytical method and may greatly compromise accuracy of 

results.  It has been estimated that 60% of the analytical time is spent on sample preparation.    Sample 

preparation has evolved in the last tens years [10].  The trend nowadays is to develop minute and greener 

sample preparation methods.  Sample preparation methods that make use of large volumes of organic 

solvents which are expensive and  environmentally unfriendly are being replaced.  The focus of this 

study is to develop an environmentally friendly dispersive liquid liquid microextraction (DLLME) 

sample preparation method for the determination three compounds of interest.  

The Botswana National Veterinary Laboratory (BNVL) has been mandated to carry out monitoring of 

all veterinary drugs residues in animal meat and animal products destined to the EU market.  Currently, 

BNVL has subcontracted testing to an EU laboratory; Laboratory of Government Chemists (LGC) since 
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2008 because equipment which was available at the time could not meet the required limit of detections 

(LOD) and limit of quantification (LOQ) for residues testing and there was a requirement to validate 

the methods according to commission decision 2002/657/EC [11] which was not met.  This has turned 

out to be costly for the Botswana government and there are also challenges of long turnaround time 

which caused delays in reporting of results to customers.  The BNVL has now invested in procuring an 

LC-MS/MS which is able to meet the LOD/LOQ requirements.  Developing a DLLME method as a 

sample preparation method for residue monitoring, over and above being environmentally friendly; will 

reduce costs for subcontracting and organic solvents hence reduction of turn-around time since testing 

will be done in the laboratory.  

 

Veterinary drugs of interest in this study are amphenicols which include chloramphenicol (CAP), 

florfenicol (FFC) and thiamphenicol (THAP).  Amphenicols are sometimes referred to as phenicols.  

These drugs are active against both Gram-negative and Gram-positive bacteria.  Chloramphenicol can 

be harmful to humans and therefore its use in animals intended for human consumption is prohibited.  

Thiamphenicol is closely related to chloramphenicol and is also harmful to humans and there are set 

limit of its residue.  Florfenicol is an analogue of THAP with similar antibacterial activity as 

chloramphenicol but less toxic effects.  Florfenicol is therefore considered to be a safer option in 

comparison to the other 2 phenicols though it also have set acceptable residues limits.  Monitoring the 

use of these drugs is important since their residues are expected to be at or below the stipulated limits 

for the animal products to be exported to the EU or any other country. 

 

1.4 Research Objectives 

1.4.1 Aim of the study 

The aim of this study is to develop and validate an environmentally friendly and cost effective DLLME 

method as a sample preparation method for the extraction, clean-up and/or precocentration of 

amphenicol residues from beef and beef products.   
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1.4.2 Specific Objectives 

i. Develop a DLLME method for extraction of phenicols residues from meat, milk and water. 

ii. Optimise critical parameters of the DLLME method. 

iii. Validate the developed extraction method according to Commission decision 2002/657/EC. 

iv. Compare the performance of the developed DLLME method with existing LLE and dSPE 

methods. 

v. Apply  the developed DLLME method to real biological samples. 
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CHAPTER TWO  

2 LITERATURE REVIEW 

2.1  Origin of amphenicols 

Chloramphenicol (CAP) is a relatively stable neutral nitrobenzene derivative and lipophillic in nature.  

It was originally isolated from the soil organism Streptomyces venezuelae in 1947 [12] and is now 

prepared synthetically from dichloroacetic acid [13].  Some researchers have reported occurrence of 

chloramphenicol in crops [14].  This natural occurance of CAP in crops results from its production by 

bacteria and consequently the aqueous CAP being taken up by crops.  Some bitter tasting pasture plants 

(e.g.  Tanacetum vulgare L, Thalictrum petaloideum) are reported to contain chloramphenicol [15].  

Thiamphenicol is an analogue of chloramphenicol while florfenicol is a derivative of thiamphenicol 

and was discovered and developed by Schering-Plough [16]. 

  

2.2 Chemical properties of amphenicols 

 

Table 2.1 shows the chemical structures, CAS numbers and pKa values for the amphenicols.  The 

chemical structures of thiamphenicol and florfenicol differ from that of chloramphenicol due to the 

presence of a sulphur group instead of an aromatic nitro group [17].  The other difference is the presence 

of fluorine atom in florfenicol instead of the hydroxyl group in the terminal primary alcohol function 

of CAP and THAP [17].  The presence of a fluorine atom in FFC reduces the tendency of some bacterial 

strains to be resistant to chloramphenicol and thiamphenicol, therefore reducing antibacterial efficacy.  
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Table 2.1:  Structures, CAS No. and pKa values of amphenicols  

Compound name Compound structure CAS no pKa 

 

Chloramphenicol 

 

 

56-75-7  

 

5.5 [18] 

 

Florfenicol 

 

 

73231-34-2 

 

8.6 [18] 

 

Thiamphenicol 

 

 

15318-45-3 

 

7.2 [18] 

 

 

Solubility of compounds in organic or aqueous solvents depends on their dissociation constants (pKa).  

This is the measure of acid strength since drugs can be either weak acids or bases.  The pH of the 

solution determines if a compound is charged or neutral.  Compounds in their neutral form are more 

soluble in organic solvents while charged compounds are more soluble in aqueous solvents.  These 

parameters determine whether the compounds are extractable using DLLME or not since in DLLME, 

the analytes are extracted from aqueous solvent into an organic phase.  pKa values allow analysts to 

determine the charge of a molecule at a given pH.  

 

The partition coefficient (Log P) is a constant which gives the ratio of concentration of a compound in 

an organic (lipophillic) phase to the concentration in an aqueous phase.  Log P is sometimes refered to 

as Log Kow (octanol-water partition coefficient) meaning that it is the distribution of the compound 

between the two solvents i.e. organic and aqueous phases.  The pKa values of chloramphenicol, 
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florfenicol and thiamphenicol are 5.5, 8.6 and 7.2 respectively.  The difference of these values is 

sufficient to allow their separation.  

 

2.3 Applications of amphenicols 

 

In human medicine, CAP is used in treatment of cholera, typhoid fever and bacterial meningitis.  It may 

also be used as treatment of eye, external ear or skin infections [19].  In animals, chloramphenicol is 

used for treatment of udder infections in dairy cattle [20].  Thiamphenicol and florfenicol are now used 

as replacement drugs for chloramphenicol.  Thiamphenicol is a broad-spectrum antibiotic but has lower 

antibacterial activity when compared to chloramphenicol and it is used for treatment and control of 

respiratory and intestinal infections in cattle and poultry while florfenicol is used for treatment of bovine 

respiratory disease [21].  Thiamphenicol is also reported to be a treatment for uncomplicated gonorrhoea 

in humans [22].  Florfenicol is reported to be administered as feed to swine for the treatment of swine 

respiratory diseases (SRD) [23] and its withdrawal time is 28 days and it is not recommended for use 

in cattle that are less than 20 months old.  Though chloramphenicol is prohibited in food producing 

animals, its withdrawal times vary and can be as long as 2 weeks.  The presence of sulphur group instead 

of an aromatic nitro group in thiamphenicol structure makes it safer with regard to aplastic anaemia.  A 

study was carried out to determine the effects of florfenicol and thiamphenicol from the time they are 

administered up to their elimination from the organism.  The findings did not indicate any significant 

statistical difference in the pharmacokinetics of both compounds and therefore florfenicol should be 

prefered because of its pharmacodynamics [24].  

 

2.4 Side effects of amphenicols in humans 

 

Serious reactions and fatal incidences have been reported in humans exposed to chloramphenicol.  It 

has been reported to cause irreversible and sometimes fatal blood disorder known as aplastic anaemia 

(which is associated with toxic effects of the nitro group).  There are also reports of liver damage and 
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“gray baby” syndrome (cardiovascular collapse) in premature or new born infants receiving 

chloramphenicol from mothers on medication through the placenta and excretion in breast milk [25].  It 

is reported to be carcinogenic and it inhibits microbial protein synthesis by binding to bacterial ribosome 

(peptidyl transferase) [26].  Some authors suggest that florfenicol could induce reversible haematotoxic 

depression and haematological toxicity [27].  Long term exposure to and inhalation of florfenicol may 

reduce fertility and may cause changes in lung function, i.e. pneumoconiosis [28].  These toxic effects 

of chloramphenicol in humans led to florfenicol and thiamphenicol being used as replacement drugs 

[29]. 

 

2.5 Sample preparation techniques  

 

Sample preparation and/ or pretreatment is an important step which isolates the analyte of interest from 

biological matrix minimising and/or eliminating matrix effect and it may also concentrate analytes of 

interest.  Samples to be analysed are usually in their complex nature containing analytes of interest at 

very low levels which cannot be directly detected.  Sample preparation is therefore a prerequisite in 

residue monitoring for biological matrices.  Isolation of an analyte from the sample matrix ‘bridges’ the 

sampling and analysis steps to achieve accurate and reproducible results.  Nowadays the trend is the 

development of minute and environmentally friendly sample preparation approaches for residues in 

complex matrices.  

 

A wide range of techniques are employed for sample preparation for the purposes of eliminating 

interferences, enhancing sensitivity and selectivity and reducing sample size [30].  The type and 

complexity of the sample has to be taken into consideration when applying extraction techniques.  The 

physical and chemical properties of analytes and the nature of samples also determine the extraction 

procedure to be used [31].  Sample preparation technique must be compatible with the analysis 

requirements; if the analysis is qualitative or quantitative, type of instrumentation and required accuracy 
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[32].  The most commonly used conventional sample preparation procedures are liquid-liquid extraction 

(LLE) and solid phase extraction (SPE).  

 

2.5.1 Liquid-liquid extraction (LLE)  

 

Liquid-liquid extraction is a classical method of extraction where the analyte in an aqueous environment 

is extracted into a water-immiscible organic solvent (extraction solvent) [33].  When shaking a mixture 

of aqueous samples and water-immiscible organic solvent, the analytes are partitioned between the 

aqueous and the organic phase until an equilibrium is reached.  This equilibrium is denoted by the 

partition coefficient.  A high partition coefficient means that most of the analytes are extracted into the 

extraction phase therefore the analytes interact better with the extraction solvent.  After shaking, the 

mixture settles into two layers, and the analyte in the organic phase is withdrawn and then dried, 

redissolved and then analysed.  

 

This commonly used method, although cheap and fast, has several disadvantages which include; use of 

expensive and large volumes of organic solvents which are toxic and environmentally unfriendly.  

Vigorous hand shaking/mixing, waiting for layers to separate, phase emulsions and long drying times 

are also challenges of LLE.  Also, large amounts of sample may be required if the analyte concentrations 

are low.  For example, Gikas E. et al [34] developed a method for extraction of chloramphenicol in 

seafood samples using 10 g of sample and 100 mL of ethyl acetate.  Liquid-liquid extraction has also 

been used for extraction of chloramphenicol and thiamphenicol residues from honey, milk, fish, shrimp 

and prawns [35, 36]. 
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2.5.2 Solid phase extraction (SPE) 

 

This is a sample clean-up and/or preconcentration method which uses a solid phase (sorbent) to isolate 

analytes of interest from an aqueous sample solution.  This technique involves analyte pre-

concentration, sample clean-up and matrix removal in one step [37].  In SPE, analytes can either be 

washed off or retained on the sorbent.  The analytes are separated from the interferences according to 

their chemical and physical properties by retaining analytes of interest in the sorbent.  The sorbent is 

first conditioned (to activate the functional groups of the solid phase) to ensure consistent interaction, 

and then an aqueous sample is loaded.  Analytes are retained on the sorbent and this is followed by a 

washing step (elutes co-retained interferences) and then elution.  

 

Although SPE has an advantage of using less volumes of organic solvents than LLE, the volumes are 

still considered to be quite high. Solid phase extraction also has several steps (column conditioning, 

washing and elution) which are time consuming.  Liquid-liquid extraction has been used in combination 

with SPE for confirmation of chloramphenicol residues in seafood [38].  Using liquid-liquid extraction 

(water at pH 8.5 and ethyl acetate) and further sample clean-up with SPE; chloramphenicol, was 

determined in honey samples using LC-MS/MS [39, 40].  The recoveries obtained were in the range 

98.7% to 102% while within lab reproducibility was lower than 6.2% with CCα and CCβ of 0.07 µg 

kg-1 and 0.10 µg kg-1 respectively.  An SPE extraction method of chloramphenicol and aflatoxin residues 

from milk followed by LCMS/MS has been reported [41] and the LOD and LOQ for chloramphenicol 

were found to be 0.05 µg kg-1 and 0.2 µg kg-1 with percentage recoveries of 88.8 to 100.3% respectively. 
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2.5.3 Dispersive solid phase extraction (dSPE) 

 

Dispersive solid phase extraction (dSPE) is a simple sample extraction technique that was first 

introduced in 2003 [42] and is suitable for food and agricultural products.  Dispersive solid phase 

extraction has several advantages over SPE; since it is a cheap, fast and environmentally friendly 

technique.  For dSPE, [43] 150 mg of anhydrous MgSO4 and 25 mg of primary secondary amine (PSA) 

sorbent are normally used.  Dispersive solid phase extraction with PSA effectively removes many polar 

matrix components, such as organic acids, certain polar pigments, and sugars, from food extracts.  Most 

researchers use Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChERS) salts which make sample 

preparation quick and easy in comparison to traditional sample preparation techniques. dSPE has 

advantages of being quick, efficient, cost effective and reliable.  Dispersive solid phase extraction has 

been employed for extraction of chloramphenicol and tetracycline from meat, milk and shrimp samples 

[43].  These were extracted following the European standard method 156625 using the Phenomenex 

roQ QuEChERS kit buffer-salt mix and the dSPE kit (#KS0-8913) containing 150 mg MgSO4, 25 mg 

PSA, and 25 mg C18.  The reported LODs met the regulatory limits with recoveries between 80% and 

120% and repeatability was found to be better than 5% CV. 

 

2.5.4 Miniaturisation of sample extraction methods 

 

Recently, analytical chemists have come up with miniaturised sample preparation methods which are 

‘green’ (environmentally friendly) to prevent waste generation and to use safer solvents [44]. Moreover 

these methods are easy to use; provide fast analysis [45] while maintaining good extraction efficiencies.  

Miniaturised sample preparation procedures such as solid-phase micro-extraction (SPME) and liquid-

phase micro extraction (LPME) are fairly recent developments in sample preparation. 
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2.5.4.1 Solid Phase micro-extraction (SPME) 

 

Solid-phase micro-extraction is a solvent free technique developed by Arthur et al [46] in which 

sampling, extraction and concentration, are done simultaneously.  A silica fused fibre is coated with a 

stationary phase (usually polymeric phase) and then placed into analyte solution.  The analytes partition 

into the stationary phase until equilibrium is reached. Solid-phase micro-extraction is presented in 

Figure 2.1 below;  

 

 

Figure 2.1:  SPME procedure for GC and LC [47] 

 

The optimum length of the fibre is about 21.5 cm and there are two main approaches to SPME.  One is 

the headspace Solid-phase micro-extraction (HS-SPME) and the other is the direct extraction (DI-
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SPME) SPME.  Headspace extraction involves two equilibrium states.  One is between the sample 

matrix and the gaseous phase above it while the other is between the extraction fibre coating and the 

headspace (gaseous phase).  A microdrop is placed at headspace of the sample solution or in flowing 

gaseous sample stream to extract volatile analytes.  In DI-SDME, a water-immiscible microdrop solvent 

suspended directly from the tip of a microsyringe needle is immersed in the aqueous sample.  Headspace 

Solid-phase micro-extraction is good for extraction of complex matrices and unlike DI-SPME, it is 

capable of using water as the extraction solvent.  The analytes are then thermally desorbed on-column, 

in the injector of a gas chromatogram [48].  The main challenge of this technique is that the fibre is 

fragile with limited lifetime and it is prone to sample carry-over [49, 50].  Solid phase micro-extraction 

has been used in the determination of chloramphenicol residues in urine and environmental water 

samples [51, 52] with limit of detection  of 37 ng mL-1 for urine samples, 0.1 ng mL-1 for tap water and 

0.3 ng mL-1 for sea water.  

 

2.5.4.2 Liquid Phase Micro-extraction (LPME) 

 

This is a miniaturised LLE which was introduced in 1996 [53] to reduce organic solvent usage in sample 

preparation.  An acceptor phase (water-immiscible organic solvent) extracts analytes from an aqueous 

sample solution (donor phase) [54].  Several approaches to LPME have been developed e.g.; 

i) hollow fiber liquid phase micro-extraction (HF-LPME), 

ii) single drop micro-extraction (SDME), 

iii) dispersive liquid-liquid micro-extraction (DLLME). 

 

2.5.4.2.1 Hollow Fibre Liquid Phase Micro-extraction (HF-LPME) 

 

Hollow Fibre liquid phase micro-extraction is a supported liquid membrane technique which was 

developed by Saaid et al. [55].  The typical setup for the procedure is shown in Figure 2.2.  The fibre is 

briefly dipped into an organic phase to fill the pores of the fibre hence creating a supported liquid 

membrane (SLM).  An impregnated porous (PTFE) hollow fibre is then filled with an acceptor phase 
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which may be organic or aqueous at pH value that would cause the analyte to ionise..  In this stepup the 

analyte will difuse from the donor through the supported liquid membabne into pores of the hollow 

fibre, into acceptor phase, where the analyte is ionised and hence retained in the acceptor phase.  
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Figure 2.2:  Schematic diagram for Hollow Fibre Protected Liquid Phase Micro-extraction [56]  

 

The donor phase is the aqueous sample solution containing analytes of interest.  The analytes are 

extracted from the donor phase, through the supported liquid membrane into the acceptor phase.  The 

small pores in the hollow fibre prevent large molecules from passing through into the acceptor phase 

and this gives a cleaner extract.  Hollow Fibre liquid phase micro-extraction has advantages being a 

good extraction method for complex matrices and also the fibres used are not expensive.  However, the 

fibres are fragile and very much prone to breakage and blockage.  A review on developments in HF-

LPME principles and applications has been conducted [57].  It was concluded that HF-LPME presents 

an attractive alternative to conventional LLE and it is compatible with a broad range of samples even 

though the procedure is not yet automated.  There are no reported studies of HF-LPME being used in 

sample preparation for analysis of phenicols. 

 

2.5.4.2.2 Single Drop Micro-extraction (SDME) 

In SDME, a single drop of solvent is used for extraction of analytes from the aqueous sample.  This 

technique has become popular because it is cost effective, easy to operate, almost solvent free and 

environmentally friendly.  There are two types of SDME, i.e. direct immersion SDME (Figure 2.3) and 
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headspace SDME (Figure 2.4).  Direct immersion is where an extraction drop and the aqueous sample 

are in direct contact and the analytes are transfered from the sample mixture into the organic drop.  

Limitations of DI-SDME are impermanence of of drops Limited solvent choice and low sensitivity and 

precision [58].   

 

In headspace SDME, a microdrop of solvent is exposed to the headspace of a sample where the 

gaseous analytes are extracted into the drop which is withdrawn back into the syringe and then 

injected directly into the equipment for analysis. This technique has a drawback of having low 

sensitivity and precision [54]

 

Figure 2.3:  Schematic diagram for direct immersion single-drop microextraction [59] 
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Figure 2.4:  Schematic diagram for headspace single-drop microextraction [60] 

 

2.5.4.2.3 Dispersive Liquid-Liquid Micro-extraction (DLLME).  

 

Dispersive liquid-liquid micro-extraction was developed in 2006 [61] for determination of organic 

compounds in water.  Dispersive liquid-liquid micro-extraction is based on a ternary system which 

consists of aqueous sample, extraction solvent and disperser solvent [61].  A water miscible organic 

solvent (disperser) is rapidly injected into an aqueous sample solution followed by a rapid injection of 

a water immiscible organic solvent (extraction).  The set-up for the procedure is presented in Figure 

2.5.  The mixture is then gently shaken forming a cloudy solution.  Formation of a cloudy solution 

indicates that analytes of interest are being dispersed from the aqueous sample into the extraction 

solvent.  Centrifuging the mixture will result in the extraction solvent being sedimented at the bottom 

of the tube.  The sedimented phase is extracted, dried, reconstituted into a small volume and then 

analysed.  When compared to the above mentioned miniaturised extraction methods, DLLME has 

additional advantages of enhanced enrichment capabilities and shorter extraction times.   
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Figure 2.5:  Schematic diagram showing steps for dispersive liquid-liquid microextraction [62]. 

 

pKa and Log P values of molecules are useful for predicting and understanding the behaviour of analyte 

molecules in solution.  These parameters determine whether the compounds are extractable using 

DLLME or not. The Log P values for chloramphenicol, florfenicol and thiamphenicol are 1.02, -0.12 

and -0.27 respectively and this qualifies these analytes to be extracted using DLLME.  This means that 

chloramphenicol distribution in organic to aqueous is 10:1 while those for thiamphenicol and florfenicol 

are almost 1:1.  This difference in distribution coefficients may be attributed to the presence of the 

aromatic nitro group in chloramphenicol which is replaced by a methyl sulphonyl group in both 

florfenicol and thiamphenicol.  

 

Selection of extraction solvent and disperser solvents are the critical factors in the success of DLLME.  

The extraction solvent should be more dense than water for it to sediment at the bottom of the tube.  An 

extraction solvent also has to be immiscible with water and capable of extracting the analytes of interest.  

Halogenated solvents (e.g CCl4, CH2Cl2, CHCl3) are often used as extraction solvents.  Some 

researchers have recently studied the use of ionic liquids (ILs) and polymeric ionic liquids (PILs) as 

extraction media in SPME, DLLME, SDME, HFSLM, SPE and LPME [63].  ILs are organic salts with 

melting points at or below 100 °C, and PILs are polymers synthesized from IL monomers.  ILs have 
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advantages of having thermal stability, viscosity which enhances intermolecular interactions and 

tenable selectivity for specific analytes and therefore are suitable to be used as extraction media [63].  

Ionic liquids also have lower toxicity compared to conventional organic solvents. 

  

A disperser solvent is expected to be miscible with the extraction solvent.  This miscibility facilitates 

the movement of analytes from the aqueous sample into the extraction solvent.  Compared to other 

methods, abundant surface contact between fine droplets and the analyte in DLLME speeds up the 

mass-transfer processes of analytes from aqueous phase to organic phase, which enhances extraction 

efficiency and also reduces extraction time.  Commonly used disperser solvents include acetonitrile, 

methanol, ethanol, tetrahydrofuran and acetone.  Although very low volumes of extraction and disperser 

solvents are used, there are still drawbacks in toxic effects of these organic solvents and centrifugation 

time.  In a recent review on advances in DLLME some approaches of overcoming the drawbacks of 

disperser and extraction solvents [64] are highlighted.  For example  less toxic solvents with lower 

density than water have been used so that centrifugation will not be necessary [65].  

 

Assadi and co-workers [61] extracted organic compounds from water, which is the least complex matrix 

where the analytes are extracted from the aqueous phase directly.  However, application of DLLME to 

more complex matrices than water is a challenge.  Unlike in water where analytes are easily extracted, 

in complex solid samples the analytes are bound to the matrix which makes extraction a more difficult 

and involving procedure.  Pre-treatment of the sample, therefore, is a prerequisiste to first release the 

analytes from the matrix before taking it through the DLLME process.  Examples of successful 

application of DLLME application on solid complex matrices has been reported on the determination 

of fluoroquinolones in chicken livers by HPLC [66].  The authors extracted six fluoroquinolones from 

chicken livers using 5 mL of 25 mM phosphoric acid:acetonitrile (30:70) during the homogenisation 

step and after centrifugation, the supernatant was subjected to DLLME. Recoveries reported were in 

the range of 83 and 102% and the LODs and LOQs were 5 to 19 µg kg-1 and 23 to 62 µg kg-1 
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respectively.  Extraction of polycyclic aromatic hydrocarbons (PAH’s) from sediment and carbaryl and 

triazophos from soil by DLLME has been reported with LODs of 2.6 to 6.8 ng g-1 for sediment and 

0.014 to 0.110 ng g-1 for soil samples [67, 68]. Another example of DLLME application to a complex 

matrix has been reported in the determination of TAP in honey [69] using HPLC and the researchers 

reported an LOD of 0.1 µg kg-1.  More recently, Amelin snd co-workers successfully demonstrated the 

determination of residual amount of amphenicols in food using QuEChERS and DLLME followed by 

HPLC [18].  The recovery was reported to be in the range of 64 to 87%.  Another study was conducted 

focusing on the recent developments in DLLME and its applications in conjunction with different 

analytical techniques as well as its combination with different extraction techniques [70].  The authors 

concluded that the performance of DLLME in aqueous samples was good but found that the technique 

needed further improvement for use in complex matrixes such as biological samples.  

 

2.6 Analytical techniques for determination of amphenicols 

2.6.1 Enzyme-linked immunosorbent assay (ELISA)  

Several analytical methods for the determination of amphenicol residues in various matrices have been 

published.  Enzyme-linked immunosorbent assay (ELISA) for example, has the ability to screen the 

presence of antibiotics without quantification of the analyte.  It is labour intensive as ELISA kits are for 

a specific antibiotic therefore limiting for multi-residue analysis.  The process may also give false 

negative or false positive results.  However, bioassays are still being used for screening because of their 

availability, simplicity and low cost.  Bio-assay techniques have widely been used for detecting 

amphenicols residues in food [71 - 75].  A screening method for the determination of chloramphenicol 

residues in muscle, liver and kidney [74] by ELISA was reported with recoveries of 90%, 72% and 78%  

and the detection limits of 1.2, 0.6 and 0.8 ng g-1 respectively.  
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2.6.2 Gas Chromatography 

Gas chromatography (GC) coupled to different detectors has been successfully used in determining 

amphenicols.  Gas chromatography with an electron capture detector (ECD) has been used for 

determination amphenicol residues [76 - 78].  Pfenning et al [78] extracted residues of chloramphenicol, 

thiamphenicol, florfenicol and florfenicol amine using LLE followed by PRS (Propylsulfonic acid/silica 

based) and C18 solid phase extraction.  Derivatisation time and temperature were optimised and 

derivatisation was found to be complete within 15 minutes at an optimum temperature was 50°C.  The 

authors indicated the challenges in developing GC methods due to difficulty in derivatising non-volatile 

analytes [79].  It is now commonly accepted that non-spectrometric detection methods are not suitable 

for confirmatory purposes [80] and hence MS detection has become popular in the recent years.  Gas 

chromatography–mass spectrometry (GC–MS) has been used for detection of amphenicols in food [81, 

82].  It has good sensitivity and specificity and can utilise a library.  However, GC-MS methods are 

limitated to determining non polar and volatile compounds.  It should be noted that only about 5 % of 

organic compounds fall into this category.  Almost all antibiotics, including phenicols, are very polar 

and are temperature sensitive and therefore not suitable for direct GC analysis.  

 

2.6.3 High Performance liquid chromatography (HPLC) and Liquid Chromatography 

tandem mass spectromery (LC-MS/MS) 

The remaining 95% compounds that are non-volatile and more polar (including the GC active 

compounds) can only be separated by LC.  Therefore, HPLC with various detectors that include; 

refractive index, electrochemical, fluorescence and UV/Vis has been used for such analytes.  

Electrochemical and refractive index detectors are capable of giving two dimensional data, i.e. signal 

strength as a function of time whereas, fluorescence and diode array UV-Vis generate a three 

dimentional data which gives the signal strength and spectral data as a function of time.  A method for 

determination of amphenicols in animal feed using liquid chromatography with photo diode array 

detectors [83, 84] has been developed.  The successful coupling of mass spectrometry to HPLC is one 

of the most important analytical developments in the recent years.  Mass spectrometry is more sensitive 
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than any other LC detectors and has the ability to identify analytes from unresolved chromatographic 

peaks.   

 

LC-MS has nowadays been successfully used in a variety of applications which include veterinary drug 

residue monitoring and/or detection.  LC/MS has similar sensitivity and specificity as GC-MS, even 

though it does not have an in-built library.  However, nowadays several software companies have started 

to develop custom made libraries that allow the users to develop a local library.  There are several 

advantages of the LC over GC/GCMS which include the ability to analyse compounds of higher masses.  

In recent years, LC-MS has been used as an alternative method for the detection of compounds that are 

challenging when using GC-MS.  Liquid Chromatography-mass spectrometry has become a very 

powerful technique for non-volatile and thermally unstable molecules and has the ability to separate 

small molecules to large molecules (e.g. peptides and proteins).  This is why LC/MS is suitable for 

separation and detection of veterinary drugs.  Intensive research is being done on improving accuracy, 

sensitivity, selectivity and resolving power of the LCMS/MS by introduction of various mass analysers.   

 

Coupling LC with various ionisation sources which ionise the analyte molecules and separate the ions 

from the mobile phase expanded the number of compounds that can be analysed by LC-MS.  The most 

common ion sources for LC-MS are atmospheric pressure ionisation (API), which include electrospray 

ionisation (ESI) and atmospheric pressure chemical ionization (APCI) and atmospheric pressure 

photoionisation (APPI).  These sources have broadened the application of LC-MS for a variety of 

compounds. APCI, ESI and APPI favour compounds with lower polarity and molecular weights. 

 

Electron Spray Ionisation falls under “soft ionisation” source since there is little fragmentation and 

decomposition of analytes resulting in mostly molecular ions.  The formation of ions in ESI is well 

documented [85].  Analytes in the sample in the mobile phase form droplets, which further reduce in 

size to smaller droplets.  Rayleigh limit was reached at which the Coulomb repulsion forces begin to 

exceed the surface tension and the droplet would subdivide leading to an ion being expelled.  ESI is 
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good for compounds with high polarity and high molecular weight and also favours thermally unstable 

compounds.  ESI in negative polarity is the ionisation source of choice for this study.  

 

Liquid chromatography tandem mass spectrometry has been used in the determination of amphenicols 

in foods of animal origin [86 - 88].  Some researchers have used ELISA for screening and LC or GC-

MS/MS or LC-MS/MS for confirming positives [89, 90].  Some work has been done on determination 

of chloramphenicol in royal jelly [91] by LC tandem mass spectrometry employing validation according 

to commission decision 2002/657/EC.  

 

Performances of LC-MS/MS and GC-MS were compared in extracting chloramphenicol from animal 

tissues and urine [92].  Liquid chromatography tandem mass spectrometry gave better sensitivity (100x) 

and selectivity than GC-MS with a detection limit of 0.02 µg kg-1 while that for GCMS was 2 µg kg-1. 

 

2.7 Method validation 

 

Method validation is experimental assessment of a developed analytical method to demonstrate if it is 

suitable for the intended purpose.  This assessment proves reliability and consistency of results.   

Commission decision 2002/657/EC [11] criteria include investigating the method’s compliance with 

relevant performance characteristics such as linearity, limit of detection (LOD), limit of quantification 

(LOQ), recovery, precision (repeatability and reproducibility), decision limit (CCα) and detection 

capability (CCβ).  The method should be able to detect the analytes at or below maximum residue limit 

(MRL) or minimum required performance limit (MRPL), where MRL is the maximum tolerance limit 

and MRPL is the lowest concentration of analyte expected to be detected by screening or confirmation. 

 



25 
 

The limit of detection is the lowest amount of analyte that can be detected but not necessarily quantified.  

It produces a peak height which is 3 times that of the baseline noise.  Limit of quantification is the 

lowest amount of analyte that can be detected, identified and quatified with some level of precision. 

 

Recovery is the end result of how much of an analyte is recovered after fortifying the sample and then 

taking it through an extraction.  Repeatability ensures that factors contributing to variability of results 

such as operators, environmental conditions, equipment, calibration, etc remain constant and have no 

or less contribution to the final results.  This can be done on intra-laboratory basis where a repeated 

analysis is done by the same operator on the same day in the same laboratory.  Repeatability may also 

be based on mean and % RSD (Relative standard deviation) of independently prepared samples by 

different operators on different days in the same laboratory. 

 

Analytical performance limits; decision limits (CCα) and detection capability (CCβ) are used to decide 

if the sample is compliant or non-compliant.  The sample is regarded as non-compliant if the amount of 

analyte detected in a sample is at the set CCα.  If the concentration in the sample is above or equal to 

CCβ then one can be statistically confident that the residue is over the MRL [11]. 
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CHAPTER THREE 

3 EXPERIMENTAL 

3.1 Introduction 
 

This chapter presents materials and reagents used in this study, preparation of standards and reagents 

and instrumentation.  It further gives details on sampling, sample storage, sample pre-treatment, sample 

preparation procedures and method validation. 

 

3.2 Materials and Reagents 

Tetrahydrofuran (THF), acetonitrile (MeCN), methanol (MeOH), ethyl acetate and sodium acetate were 

purchased from Sigma Aldrich (Munich, Germany) and were all of LC-MS grade.  The rest of the 

solvents which included acetone, tetrachloroethylene, chloroform and dichloromethane were of HPLC 

grade and were obtained from Sigma Aldrich (Steinheim, Germany).  Ultra high purity (UHP) water 

was processed from a Milli-Q water purification system (Millipore, Billerica, MA, USA).  Analytical 

standards chloramphenicol (98%), thiamphenicol (98%) and florfenicol (98%) were obtained from 

Sigma Aldrich (Munich, Germany). All samples were filtered through 0.45 µm PVDF syringe filters 

which were procured from Acrodisc®Syringe filters (Pall Corporation, New York USA). 

 

3.3 Sampling and sample pre-treatment 

Samples used in the study were collected using a routine Botswana National Veterinary Laboratory 

(BNVL)  protocol.  Sampling is done by trained veterinary officers on the field stations and therefore 

the researcher did not actively participate in the field collection of samples.  They sample meat samples  

from the field stations and national abattoirs in accordance to the annual National Residues Control 

sampling plan.  The number of samples collected were calculated according to Directive 96/23/EC, 
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Commission Decision 97/747/EC and Commission Decision 98/179/EC [93]. The detailed rules on 

official sampling for the monitoring of certain substances and residues in live animals and animal 

products are given in these directives.  Each district is given a month on which to sample and therefore 

sampling from live animals (e.g milk, urine, whole blood etc) is spread throughout the year and is done 

on monthly basis.  Samples are collected on any day of the month in order to achieve random 

distribution.  As for local abbatoirs, sampling is done on each batch that is slaughtered.  The sampling 

instructions and/or guidelines state that sampling officers should collect 250 mL milk and urine from 

live animals and for tissues such as liver, kidney, muscle, etc the sample size is about 100 g.   

Sampling of bovine muscle was from 2 national Botswana Meat Commission (BMC) abattoirs. Bovine 

milk was collected from privately owned farms from various districts around Botswana (12 districts).  

Milk and muscle samples were collected with care to ensure that there was no cross contamination.  

Samples were immediately preserved using ice packs in cooler boxes prior to transportation to avoid 

analyte degradation and cooler boxes are temper sealed.  Transportation of samples from sampling sites 

to the laboratory was done within 24 hours of sampling.  Sample reception in the laboratory involves 

sample registration whereby each sample is given a unique identification.  The final stage is 

distribution/allocation of samples to the test laboratory.  The blank samples used were sourced from 

Botswana National Veterinary Laboratory and had been previously screened and found negative for the 

phenicols.  All samples were stored at ≤ -20°C prior to analysis.  

 

3.4 Instrumentation 

3.4.1 Liquid Chromatography 

The chromatographic separation was performed on an Agilent 1200 HPLC (Agilent Technologies, 

Waldbronn, Germany).  The HPLC system was equipped with a quartenary pump, a thermostatic 

column compartment which allowed temperature to be controlled at 40°C.  The separation of 

amphenicols was achieved using a Phenomenex Kinetex C18 column (100 x 2.1 mm x 2.6 µm, C18, 

100A).   
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The mobile phase consisted of water (A) and acetonitrile (B).  The separation was achieved using a 

gradient elution method as follows; 70% solvent A, for 4 min, then dropped to 20% in 2 min; followed 

by a rise to 70% in 0.5 min and held constant for 0.5 min.  A flow rate of 150 µL min-1 was used and 

the injection volume was 20 µL.  A mobile phase consisting of water (A) and 70% acetonitrile:30% 

tetrahydrofuran (B) was also investigated.  All the other conditions described above were kept the same 

including the elution gradient.   

 

3.4.2 Mass spectrometry detection 

Applied Biosystems API 4000 Q-Trap mass spectrometer was used for detection of the analytes 

(Applied Biosystems/ABSCIEX (Pty), LTD, Darmstadt, Germany).  The ionisation mode used for this 

study was  electrospray ionisation (ESI) on negative polarity.  Optimised ion source parameters were 

Declustering Potential (DP), Entrance Potential (EP), Collision Cell Entrance Potential (CEP), Collision 

Energy (CE), Collision Energy Spread (CES) and Collision Cell Exit Potential (CXP).  The Applied 

Biosystems Analyst 1500 software was used for instrument control and data processing. 

 

3.4.3  Sample preparation 

A mini food chopper acquired from Multireax Heidolph Instruments (Munich,Germany) was used to 

blend the meat samples. For centrifugation, a Heraus Biofuge Primo R centrifuge (Thermo electron 

Corporation, Steingrund, Germany) was used.  Samples were dried under nitrogen gas in a Turbo vap 

LV obtained from  Caliper Life Sciences (Hopkinton, United States).  Ultra Turrax T25 homogeniser 

was from Optolabor (Atlanta, United States).  Multireax vortex mixer from Gilson (Middleton, United 

Kingdom) was used. 
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3.5 Preparation of standards and reagents 

Preparation of stock standard solution  

The stock standard solutions for chloramphenicol, florfenicol and thiamphenicol were prepared from 

weighing accurate amounts of the solid standards and dissolving them in methanol to give a 

concentration of 1 mg mL-1.   

 

Preparation of master standard solution  

The master standard solutions for chloramphenicol, florfenicol and thiamphenicol were prepared by 

transferring 500 µL of 1 mg mL-1 of each stock standard solution into a 50 mL volumetric flask and 

diluting with MeCN/H2O (20/80) to volume.  The final concentration of each master standard solution 

was 10 µg mL-1.  

 

Preparation of Working/Spiking standard 

A working standard solution mixture containing chloramphenicol, florfenicol and thiamphenicol was 

prepared from 10 µg mL-1 master standard solutions.  The concentrations for chloramphenicol, 

thiamphenicol and florfenicol in the working standard solution mixture were 30 µg L-1, 2 500 µg L-1 

and 5 000 µg L-1 respectively.  The matrix-matched calibration standards were prepared by introducing 

the standard solutions into the relevant matrix aliquots (i.e. water, milk or muscle) to cover seven 

concentration levels of 0.3, 0.45, 0.6, 0.75, 0.9, 1.05 and 1.2 µg L-1 for chloramphenicol, 25, 35, 50, 65, 

75, 85 and 100 µg L-1 for thiamphenicol and 50, 75, 100, 125, 150, 175 and 200 µg L-1 for florfenicol.  

This was done in 5 replicates at each level. 

 

Preparation of sodium acetate buffer (pH 7) 

About 13.6 g of sodium acetate trihydrate buffer was dissolved in 800 mL of water.  The pH was 

adjusted to pH 7 using 20% acetic acid solution or 0.1 M NaOH and then diluted to 1 L with UHP 

water.  The buffer prepared was stored at room temperature and used within one week. 
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3.6 Dispersive liquid-liquid microextraction method development 

Dispersive liquid liquid microextraction is the key sample preparation method explored in this study 

for the extraction of amphenicols in water, milk and muscle.  Conventional liquid-liquid extraction and 

dispersive solid phase extraction were included in the study for comparison.  Three milliliters of water 

and bovine milk or 3 g of homogenised bovine muscle sample was transferred into a 15 mL Falcon 

tube.  Seven milliliters of 0.1 M sodium acetate trihydrate (pH 7) was then added and the mixture was 

shaken for 5 min.  This was followed by centrifugation at 4000 rpm for 5 min. The supernatant was 

then transferred into a second 15 mL Falcon tube.  This was followed by addition of 0.5 g of 

NaSO4:MgSO4:NaCl (0.4:0.2:0.8) mixture for further clean-up. The mixture was shaken and 

centrifuged again.  The final supernatant consisting of analytes of interest was transferred into another 

15 mL Falcon tube.  The supernatant (about 5 mL) was then used as a donor phase in the preceding  

DLLME procedure.  

 

One milliliter of acetonitrile (disperser solvent) followed by 250 µL of dichloromethane (extraction 

solvent) were rapidly injected into the aqueous 5 mL aliquot.  The mixture was hand shaken for a few 

seconds to form a cloudy solution which was then centrifuged at 4000 rpm for 5 min.  The sedimented 

phase (extraction solvent containing analytes) was transferred into a culture tube and dried under 

nitrogen gas in a turbo vaporator.  The extract was re-dissolved in 200 µL of 20:80 (MeCN: H2O), 

filtered through 0.45 µm PVDF syringe filters directly into HPLC vials and analysed using LC-MS/MS.  

For enhanced recoveries and performance of the developed DLLME method, parameters such as type 

of extraction and disperser solvents, effect of volume of extraction and disperser solvents and sample 

pH were optimised. 

 

3.6.1 Selection of extraction solvent 

Chloroform, dichloromethane  and tetrachloroethylene were tested for this study.  Acetonitrile was used 

as the dispersive solvent.  One milliliter of acetonitrile was rapidly injected into an aqueous water 
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sample followed by 200 µL of dichloromethane (extraction solvent) and the mixture hand shaken for a 

few seconds.  This was followed by centrifugation and the sedimented phase was analysed on LC-

MSMS.  The same test was carried out using chloroform then tetrachloroethylene on milk and muscle 

samples and the results were compared.   

 

3.6.2 Selection of dispersive solvent 

Acetonitrile, methanol and acetone were investigated as possible disperser solvents.  One milliliter of 

test dispersive solvent followed by 200 µL of dichloromethane were rapidly injected into the aqueous 

sample.  The mixture was hand shaken for a few seconds and then centrifuged for 5 min at 4000 rpm.  

The sedimented phase was analysed on LC-MSMS.  The same tests for each disperser solvent were 

carried out on milk and muscle samples and the results were compared.   

 

3.6.3 Optimisation of extraction solvent volume 

Volumes of dichloromethane as the optimum extraction solvent were varied between 80 µL and 300 

µL to establish the volume which gave the highest efficiency.  One milliliter of acetonitrile was rapidly 

injected into an aqueous sample followed by addition of the test volume of dichloromethane followed 

by hand shaking for a few seconds.  This was followed by centrifugation (5 min at 4000 rpm) and  the 

sedimented phase was analysed on LC-MSMS.  This test procedure was carried out for the rest of the 

tested volumes on muscle and milk.   

 

3.6.4 Optimisation of volume of disperser solvent 

The volume of acetonitrile was varied from 400 µL to 1200 µL while holding the volume of the 

extraction solvent (dichloromethane) constant at 250 µL.  To aqueous water sample, acetonitrile was 

rapidly injected followed by 250 µL of dichloromethane and the mixture was hand shaken for a few 
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seconds.  After centrifugation for 5 minutes at 4000 rpm, the sedimented phase was analysed on the 

LC-MSMS.  This test procedure was carried out for the rest of the tested volumes.  

 

3.6.5 Optimisation of pH 

The effect of pH was investigated within the range of pH 3 - 12. One milliliter of acetonitrile was used 

as a dispersive solvent while 250 µL of dichloromethane was used as the extraction solvent for the 

study.   

 

3.7 Liquid-liquid extraction (LLE) procedure 

Three grams of bovine meat or 3 mL of milk were weighed in 15 mL Falcon tubes.  Three samples were 

spiked for QC purposes.  Three milliliter of 0.1 M sodium acetate trihydrate buffer (pH 7) was added 

and then the mixture was homogenised with Ultra Turrax homogeniser.  Ten milliliter of ethyl acetate 

was then added, the mixture shaken on the automatic shaker for 10 min and then centrifuged at 4000 

rpm for 10 min.  The samples were then frozen for an hour.  After 1 hour, the bottom layer was frozen 

and the top layer (organic) was decanted into a clean culture tube.  The extract was dried in a Turbo-

Vap at 40 °C.  The extract was re-dissolved in organic solvent (1:1/ isooctane:chlorobutane) and 

vortexed for 30 sec.  One milliliter of UHP water was added and again the mixture was vortexed for 

another 30 sec.  The bottom aqueous layer was filtered through a 0.45 µm PVDF syringe filter into 

HPLC vials.  The extract was then analysed on the LC-MSMS.  This method was adopted from Mottier 

et al [94] who did extraction of chloramphenicol from meat and seafood products.  The authors used 

sodium acetate buffer (pH 5) and ethyl acetate;diethyl ether (75:25).  They applied further clean-up by 

SPE on the upper organic phase while in this present study the organic phase was dried. 
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3.8 Dispersive Solid Phase Extraction (dSPE) procedure 

A modified version of dSPE [95] was used where 2 mL of distilled water and 8 mL of acetonitrile were 

added to 3 g of homogenised meat sample or 3 mL of milk sample.  The mixture was then thoroughly 

mixed on a high speed vortex mixer for 5 min.  The samples were then centrifuged at 3000 rpm for 5 

min.  About 8 mL of the supernatant was transferred into a clean culture tube containing 0.5 g of C18 

sorbent.  The mixture was shaken and centrifuged at 3000 rpm for 5 min.  The supernatant was then 

dried to about 1 mL in the Turbo-Vap and filtered through a 0.45 µm syringe filter directly into vials 

and analysed on the LC-MSMS. 

 

3.9 DLLME Method validation 

For this study, method validation was performed according to Commission decision 2002/657/EC.  

3.9.1 Linearity 

Linearity was evaluated by calibration curves at 8 concentration levels.  Calibration curves were 

developed by spiking of blank samples at ranges; 0.3 µg kg-1  to 1.2 µg kg-1 for CAP, 25 µg kg-1 to 100 

µg kg-1 for TAP and 50 µg kg-1 to 200 µg kg-1 for FFC.   

Standard solutions were prepared at the following concentration levels;Chloramphenicol standards that 

correspond to (0, 1, 1.5, 2, 2.5, 3, 3.5 and 4) x MRPL where MRPL is 0.3 µg L-1, were prepared thus 

resulting to concentration of 0, 0.3, 0.45, 0.60, 0.75, 0.90, 1.05 and 1.2 µg L-1.  Thiamphenicol; 

Standards were in the following concentrations; 0, 20, 35, 50, 65, 75, 85 and 100 µg L-1.  Florfenicol; 

Standards were in the following concentrations; 0, 50, 75, 100, 125, 150, 175 and 200 µg L-1. 

 

3.9.2 Limit of detection (LOD) and limit of quantification (LOQ) 

The blank samples used for validation were previously tested for amphenicols and were found to be 

negative.  Ten blank samples were analysed and their signal was used to calculate the LOD and LOQ.  

LOD was calculated as the mean of blank signal plus three times standard deviation of concentration 
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of the 10 blanks, (i.e. LOD = Mean blank + 3 standard deviation of the blank).  LOQ was calculated 

as mean of blank signal times ten times standard deviation of concentration of the blank signal (LOQ 

= Mean blank + 10 standard deviation of the blank). 

 

3.9.3 Precision batches 

A set of blank samples of identical matrices were fortified with phenicols at concentrations levels 

equivalent to 1, 1.5 and 2 times MRPL and 0.5, 1 and 1.5 times MRL with 7 replicates at each level and 

for each matrix.  Table 3.1 presents an example of the concentration levels covered within a single 

precision batch.  Three batches were extracted under three different occassions to express within 

laboratory variations e.g different days. 
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Table 3.1: Spiking levels for repeatability batches. 

Analyte Fortification level (Batch 1) Spiking level   

 

Chloramphenicol 

0 MRPL x 7 replicates 0  

1 MRPL x7 replicates 0.3 µg kg-1 

1.5 MRPL x7 replicates 0.45 µg kg-1 

2 MRPL x7 replicates 0.60 µg kg-1 

 

Thiamphenicol 

0 MRL x 7 replicates 0  

0.5 MRL x7replicates 25 µg kg-1 

MRL x7 replicates 50 µg kg-1 

2 MRL x7 replicates 100 µg kg-1 

 

Florfenicol 

 

0 MRL x 7 replicates 0  

0.5 MRL x7replicates 50 µg kg-1 

MRL x7 replicates 100 µg kg-1 

2 MRL x7 replicates 200 µg kg-1 

 

3.9.4 Recovery 

Matrix matched calibration curves (PrEMS and PoEMS) were spiked as follows; 0, 1, 1.5, 2 and 3 x 

MRPL and 0, 0.5, 1, 1.5 and 2 x MRL.  The PrEMS were spiked before extraction while PoEMS were 

spiked after extraction, just before filtration using 0.45 membrane filters.  Pre-extraction matrix spikes 

(PrEMS) and post extraction matrix spikes (PoEMS) were taken through extraction procedure.  The 

purpose of having PoEMS is for calculation of percentage recoveries at each spiking level.  As shown 

below; 

Mean % Recovery = mean concentration of PrEMS sample x 100  

Concentration of the PoEMS 
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3.9.5 Precision 

Results from precision batches were used to calculate the mean, standard deviation and relative standard 

deviation at each fortification level.  Single factor of analysis of variance (ANOVA) tool in microsoft 

Excel was used to calculate within batch and between batch variance.  

 

3.9.6 Performance Limits – Decision Limit (CCα) and Detection Capability (CCβ) 

Precision batches results for 21 samples at MRL and MRPL was used to calculate the performance 

limits as follows; 

For MRL substances CCα is concentration corresponding the mean signal at MRL + 1.64 SD. 

where SD = standard deviation of 21 fortified blanks at MRL. 

Twenty one blank samples were then fortified at CCα to calculate CCβ. CCβ is concentration 

corresponding to mean signal at CCα + 1.64 SD  

where SD = standard deviation of 21 fortified blanks at CCα  

For MRPL substance CCα is concentration equivalent to:  Signal = Intercept + 2.33 x S 

 where S is the signal at the intercept within laboratory reproducibility 

CCβ is the concentration equivalent to: CCβ = Signal at CCα + 1.64 x W 

where W is within laboratory reproducibility at CCα   
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CHAPTER FOUR  

4 RESULTS AND DISCUSSION 

4.1 Mass spectrometry optimisation  

The use of mass spectrometry in residue monitoring as a detector has become very  popular  in food 

safety laboratories.  It is however a necessity to optimise MS parameters so that optimum sensitivity 

and improved reproducibility are achieved.  Parameters to be optimised include; ion source parameters 

in order to achieve the best signal to noise ratio for the compounds of interest, The final optimised ion 

source parameters were curtain gas (25), temperature (400), ion spray (-4500), source gas 1 (40), source 

gas 2 (40), CAD (Medium) and entrance potential (-10).  The instrument was set to the choosen five 

most intense fragment ions and the method was built using three most intense ions out of the five intense 

ions that were selected.  Table 4.1 shows the MS/MS conditions selected for use. 

Table 4.1:  Optimised MS parameters 

 Dwell time De-clustering 

potential (DP) 

Collision energy 

(CE) 

Collision cell 

exit potential 

(CXP) 

 

Chloramphenicol 

150 -65 -24 -7 

150 -65 -18 -11 

150 -65 -16 -7 

 

Florfenicol 

150 -70 -14 -11 

150 -70 -26 -11 

150 -70 -42 -9 

 

Thiamphenicol 

150 -70 -28 -9 

150 -70 -16 -7 

150 -70 -46 -5 
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It can be noted from Figure 4.1 below that each analyte is represented by a peak with 2 other 

‘peaks’within it.  These peaks represent multiple reaction monitoring (MRM) ions i.e. T1, T2 and T3, 

where T1 is the quantifier ion and T2 is the qualifier ion.  The quantifier ion is used for quantification 

whereas the qualifier ion is used for the identification of the compound.  The monitored ions for 

chloramphenicol are in good agreement with the ions also observed by other researchers [96, 97].  The 

most intense transition ions (T1) were used as quantifer ions and the second (T2) and third (T3) most 

intense ions were used as qualifer ions. 

Table 4.2 shows the precursor ions for the amphenicols and their respective product ions (T1, T2 and 

T3)  

Table 4.2: Masses Monitored in the Multiple Reaction Monitoring (MRM) Experiment 

Analyte MRM (m/z) 

Chloramphenicol 320.9 T1 151.9 

T2 256.9 

T3 193.9 

Thiamphenicol 353.9 T1 184.9 

T2 289.9 

T3 226.9 

Florfenicol 355.9 T1 335.9 

T2 184.9 

T3 118.9 

 

4.2 Chromatographic separation of phenicols. 

The chromagraphic separation of phenicols was developed using a Phenomenex Kinetex C18 column 

(100 x 2.1 mm, 2.6 µm, 100A).  Mobile phase composition A was water and mobile phase composition 

B was acetonitrile.  The stationary phase and mobile phase of opposite polarities are selected so that as 

the analytes move through the column, leading toelution based on their polarity.  Fig 4.1 shows a 
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chromatogram of phenicols using the following gradient elution method; 70% solvent A, for 4 minutes, 

then dropped to 20% in 2 minutes; followed by a rise to 70% in 0.5 min and held constant for 0.5 min.  

Figure 4.1:  Chromatogram of phenicol standards; Thiamphenicol, florfenicol and chloramphenicol spiked 

at 25, 50 and 0.3 µg kg-1 respectively.  Column; Phenomenex Kinetex C18 column (100 x 2.1 mm. 2.6 µm, C18, 

100 Å) at column oven temperature of 40 °C; mobile phase; water (A) and acetonitrile (B); flow rate,150 µL min-

1, injection volume, 20 µL. 

 

Under the above experimental conditions, thiamphenicol eluted first at 1.99 mins, while florfenicol and 

chloramphenicol eluted at 2.88 and 3.04 mins respectively.  The elution order can be attributed to the 

fact that C18 stationary phase is non-polar and polar components will have a less affinity for the 

stationary phase and hence spend more time in the mobile phase resulting in a shorter elution time.  

Thiamphenicol is more polar than the other two amphenicols and it eluted first.  Chloramphenicol and 

XIC of -MRM (12 pairs): 328.037/157.000 Da ID: CAP-D5 T1 from Sample 28 (pH 4.5 0.15 40* 4min) of Data20130405.wiff (Turbo Spray) Max. 13.3 cps.
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florfenicol are relatively less polar; hence have a higher affinity for the stationary phase resulting in 

slightly longer retention times. 

 

A challenge was experienced on separation of chloramphenicol and florfenicol as the two compounds 

were not baseline resolved.  Florfenicol has a flourine atom which is electronegative (electron 

withdrawing) and therefore it introduces the dipole-dipole interaction with the stationary phase while 

chloramphenicol has a nitro group which also possess electron withdrawing ability.  This property might 

have contributed in them displaying similar affinity for the stationary phase.  When using LC-MS/MS 

such challenges in the separation are not as problematic as when using other detectors since MS is 

capable of distinguishing between the compounds based on their masses [mass-to-charge ratio, (m/z)].  

In addition, using mass spectral tools such as multi-reaction monitoring (MRM) allows for the detection 

of co-elution peaks.  However, for this work it was of interest to have a baseline resolution hence other 

conditions were explored that would lead to a better separation. 

 

In order to achieve better separation between florfenicol and chloramphenicol, the mobile phase polarity 

was altered by addition of tetrahydrofuran (polarity index of 4.0) to acetonitrile (polarity index of 5.8).  

In Figure 4.2 the mobile phase composition was water (A) and 70% acetonitrile: 30% tetrahydrofuran 

(B).  A good separation in which all three compounds were baseline resolved was achieved using the 

following gradient elution method; 70% solvent A, for 4 minutes, then dropped to 20% in 2 minutes; 

followed by a rise to 70% in 0.5 min and held constant for 0.5 min.   
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Figure 4.2:  Chromatographic separation of amphenicol standards; Thiamphenicol, florfenicol and 

chloramphenicol spiked at 50, 100 and 0.6 µg kg-1 respectively.  Column: Phenomenex Kinetex C18 column (100 

x 2.10 mm. 2.6 µm, C18, 100 Å) used at column oven temperature of 40 oC; mobile phase consisted of water (A) 

and 70% acetonitrile: 30% tetrahydrofuran (B): flow rate of 150 µL min-1; injection volume, 20 µL.   

The retention times were 2.81, 3.95 and 5.12 mins for thiamphenicol, florfenicol and chloramphenicol 

respectively.  The total run time was 7 minutes and these conditions were used for the rest of the study.  

 

4.3 Sample pre-treatment-extraction 

Biological matrices such as bovine muscle and milk were used for this study and sample pre-treatment 

with sodium acetate buffer and salts was carried out prior to DLLME procedure.  Buffering with sodium 

acetate was maintained at pH around 7 in order to improve recoveries.  Salt addition is a clean-

up/extraction/partitioning step since it induces phase separation and the salting out effect influence 

analyte partition.  Salting–out effect in LLE improves extraction efficiency by reducing analyte 

XIC of -MRM (12 pairs): 328.037/157.000 Da ID: CAP-D5 T1 from Sample 8 (20131005 ACN002) of 20131005 DHF Vs ACN20131005 DH... Max. 20.0 cps.
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solubility in aqueous phase and therefore enhancing their solubility into the organic solvent.  

Magnesium sulphate act as a clean-up agent and a ‘drying salt’; thus reducing water and improving 

recoveries by promoting partitioning of analytes into the organic phase.  

 

4.4 Development of DLLME method for extraction of amphenicols. 

DLLME method development was initially applied on water samples before extending it to other 

matrices.  About 5 mL of water placed in 15 mL Falcon tube was fortified with 30 µL amphenicols 

standard mixture.  Chloroform, dichloromethane and tetrachloroethylene were tested as possible 

extraction solvents.  Acetone, acetonitrile and methanol were also investigated as suitable disperser 

solvents.  A cloudy solution was formed after injection of disperser solvent followed by extraction 

solvent.   

 

Some critical parameters which influence extraction efficiency of DLLME such as type and volume of 

extraction solvent, type and volume of disperser solvent and the pH were investigated for their effects 

on the extraction efficiency and were optimised in this study.  Previous studies have shown that 

extraction efficiency for DLLME is also affected by the extraction time [98] and centrifugation time is 

critical for phase separation [99].  Log P values for compounds denote their distribution in organic and 

aqueous solvents.  Log P values for chloramphenicol, florfenicol and thiamphenicol are 1.02, -0.12 and 

-0.27 respectively meaning that chloramphenicol distribution in organic to aqueous is 10:1 while those 

for thiamphenicol and florfenicol are almost 1:1.  This difference in distribution coefficients may be 

attributed to the presence of the aromatic nitro group in chloramphenicol which is replaced by a methyl 

sulphonyl group in both florfenicol and thiamphenicol.  
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4.5 Optimisation of DLLME method 

4.5.1 Selection of extraction solvent 

Selection of the extraction solvent is very critical in DLLME efficiency.  The extraction solvent should 

have the ability to extract analytes of interest, have low solubility in water and have a higher density 

than water.  Halogenated hydrocarbons are usually selected as extraction solvents since they have the 

ability to extract most analytes and they easily separate (sediment) from the aqueous sample during 

centrifugation [100].  Chloroform, dichloromethane and tetrachloroethylene were investigated as 

possible extraction solvents in this study.  Figures 4.3 to 4.5 show that dichloromethane gave the best 

extraction efficiency of 98.6 to 100%, 83.6 to 90%  and 72.5 to 79.6% for water, bovine milk and bovine 

muscle respectively.  This is probably due to the fact that the donor phase is aqueous with polarity index 

of around 10 and therefore the neutral analytes will have more affinity to dichloromethane which is 

least polar (3.1) when compared to the other tested extraction solvents (chloroform at 4.1 and 

tetrachloroethylene).  Tetrachloroethylene as an extraction solvent gave very poor recoveries in water 

and milk to no recoveries at all for muscle probably because the tested analytes have low affinity for 

this solvent.  

 

Lower extraction efficiency was observed for muscle samples probably because of its complexity 

resulting in incomplete extraction.  Another factor to consider is that complex matrices require initial 

extraction of analyte from matrix prior to application of DLLME and some analytes could be lost during 

this additional extraction step.  Water and milk are less complex matrices and hence have higher 

extraction efficiencies.  
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Fig 4.3:  Effect of different extraction solvents on analytes extracted from water sample 

 

Fig 4.4:  Effect of different extraction solvents on analytes extracted from milk sample 
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Fig 4.5:  Effect of different extraction solvents on analytes extracted from muscle sample 

Other researchers [18] extracted amphenicols from various matrices and tested trichloromethane, 

dichloromethane and tetrachloromethane as possible extraction solvent and dichloromethane was 

found to give the best extraction efficiencies. 

 

4.5.2 Selection of disperser solvent 

Critical requirements for a disperser solvent are that it should be miscible with both the organic phase 

(extraction solvent) and aqueous phase (sample solution) and also have the ability to efficiently dissolve 

analytes of interest.  In this study, acetonitrile, methanol and acetone were investigated as possible 

dispersive solvents.  Acetonitrile gave the highest extraction efficiencies (66.1% - 103.8%) in 

comparison to acetone (56.9% – 87.1%) and methanol (8% - 39.8%) (Fig 4.6 – 4.8).  This is because 

the donor/aqueous phase is highly polar (about index 10) and according to polarity data [101] acetone 

and methanol both have polarity index of 5.1 while that for acetonitrile is 5.8.  This gives acetonitrile 

better miscibility with both organic and aqueous phases using polarity scale when compared with 

acetone and methanol hence acetonitrile has higher dispersive ability.  Acetonitrile was selected as the 
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better disperser solvent than acetone and methanol in their research on the determination of 

thiamphenicol in honey.  

 

 

Fig 4.6:  Effect of different disperser solvents on analytes extracted from water samples 

 

 

 

Fig 4.7:  Effect of different disperser solvents on analytes extracted from bovine milk samples 
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Fig 4.8:  Effect of different disperser solvents on analytes extracted from bovine muscle 

samples 

 

Water as a matrix generally gave the  highest extraction efficiencies followed by milk and the least 

being for bovine muscle due to matrix complexity. 

4.5.3 Effect of extraction volume on the extraction efficiency  

It is important to optimise extraction solvent volume since it enhances extraction efficiency.  Volumes 

of dichloromethane were investigated from 80 to 300 µL.  Figure 4.9 to 4.11 show that within the range 

of 80 to 250 µL, the extraction efficiency for all the the analytes increased.  The increase in extraction 

efficiencies of analytes was 60% to 108%, 67.3% to 82.2% and 31.4% to 68.8% for water, milk and  

muscle respectively.  A decline in extraction efficiency was observed beyond 250 µL probably due the 

increased sedimented phase and the subsequent dilution of the analytes in the extraction solvent.   
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Fig 4.9:  Effect of extraction volume on the extraction efficiency in water samples 

 

Fig 4.10: Effect of extraction volume on the extraction efficiency in bovine milk samples 
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Fig 4.11:  Effect of extraction volume on the extraction efficiency in bovine muscle samples 

4.5.4 Effect of disperser volume on the extraction efficiency  

The volume of acetonitrile was varied from 400 to 1200 µL.  Figure 4.12 – 4.14 shows that the 

recoveries of analytes extracted from water, milk and muscle increased with an increase of volume of 

acetonitrile up to 1000 µL.  Increase in volume resulted in more interaction of the disperser solvent with 

the donor phase which improved extraction efficiency.  A decrease in recoveries over 1000 µL is 

attributed to the target analytes being further diluted.  The extraction recovery for the phenicols at 1000 

µL were 99% to 105.9%, 89.2% to 93.4% and 78.4% to 82.4% for water , milk and muscle respectively.  

Chen et al. [69] also reported 1 mL acetonitrile as the optimum volume for the disperser solvent when 

they extracted thiamphenicol from honey.  
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Fig 4.12:  Effect of disperser volume on the extraction efficiency in water samples 

 

 

Fig 4.13:  Effect of disperser volume on the extraction efficiency in bovine milk samples 
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Fig 4.14:  Effect of disperser volume on the extraction efficiency in bovine muscle samples 
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milk and muscle respectively.  Generally, there is an increase in the extraction efficiency from pH 3 to 

pH 7 and decrease thereafter as would be expected for neutral compounds.  The best extraction 

efficiencies observed at pH 7 confirm that the amphenicols are in their neutral form at this pH and were 

thus extracted into the organic phase.  The extraction efficiencies of amphenicols at pH 7 were in the 

range 96 to 99 %, 89 to 92 %and 77 to 82% for water, bovine milk and bovine muscle.  The optimum 
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pH is consistent with literature which suggests that optimum pH of extraction is usually two pH units 

less than pKa of a substance [102].  Compounds were not extracting well in acidic or basic conditions 

because under these conditions they are charged and would prefer the aqueous phase.  The extraction 

efficiencies decreased with complexity of the matrix with the highest extraction efficiency observed in 

water samples and the least in muscle samples. 

  Fig 4.15: 

 Effect of pH on DLLME extraction efficiency in water samples 

 

Fig 4.16:  Effect of pH on DLLME extraction efficiency in bovine milk samples 
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Fig 4.17:  Effect of pH on DLLME extraction efficiency in bovine muscle samplesHuaixia Chen 

et al [69] studied the effect of sample pH on thiamphenicol extraction from honeywithin pH 2 – 7.  They 

found that the extraction efficiency was constant up to pH 7 which is in agreements with the findings 

of this study.   

 

4.5 Dispersive liquid-liquid microextraction method validation 

The optimised parameters were used to evaluate performance of the developed DLLME method.  The 

method performance was evaluated on linearity, recovery, precision, calibration function, performance 

limits and limit of detection and limit of quantification. 

 

4.5.1 Linearity  

Linearity was evaluated at seven concentration levels.  Calibration curves were developed by matrix 

matched fortification of blank samples at ranges; 0.3 µg kg-1  to 1.2 µg kg-1 for CAP, 20 µg kg-1 to 100 

µg kg-1 for THAP and 50 µg kg-1 to 200 µg kg-1 for FFC.  For chloramphenicol the standards were at 

levels 0, 0.3, 0.45, 0.6, 0.75, 0.9, 1.05 and 1.2 µg kg-1.  Matrix matched calibration curves were 

recommended since they compensated for matrix effects which could cause ionisation suppression 

problem.  The regression coefficients (R2) for chloramphenicol, thiamphenicol and florfenicol in water 
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were 0.9999, 0.9979 and 0.9999 respectively, whereas for milk they were 0.9979, 0.9954 and 0.9969 

respecively and for muscle they were 0.9999, 0.9941 and 0.9967 respectively.  Such regression 

coefficients are acceptable and they meet the acceptance criteria that R2 ≥ 0.99 [11].  

 

4.5.2 Limit of detection (LOD) and limit of quantification (LOQ)  

LOD and LOQ were calculated as follows;   

LOD = Mean blank + 3 standard deviation of the blank 

LOQ = Mean blank + 10 standard deviation of the blank  

LOD for chloramphenicol in the three matrices ranged from 0.071 µg kg-1 to 0.096 µg kg-1, for 

thiamphenicol the range was 2.42 µg kg-1 to 2.96 µg kg-1 whereas for florfenicol it was 3.92 µg kg-1 to 

4.02 µg kg-1.  These levels represented the lowest concentrations of analytes that can be detected but 

not necessarily quantified.  The LOQ range in all matrices for chloramphenicol, thiamphenicol and 

florfenicol were 0.171 µg kg-1 to 0.197 µg kg-1, 5.40 µg kg-1 to 8.51 µg kg-1 and 7.63 µg kg-1 to 9.13 µg 

kg-1 respectively.  There levels represented the lowest concentrations of analytes that could be detected 

and quantified with a level of precision and accuracy.   

Other researchers [103] determined the amounts of amphenicols in milk products and observed LODs 

of 0.3 µg L-1 for milk and 1.0 µg kg-1 for milk powder while the LOQs were 3.0 µg L-1 for powder 

milk and 11.0 µg kg-1 for powder milk. 

 

4.5.3 Recovery and precision 

Precision of the DLLME method was evaluated using 21 fortified samples analysed per repeatability 

batch.  Blank samples were spiked at three concentration levels of 0.3, 0.45 and 0.6 µg kg-1;  50, 100 

and 200 µg kg-1; and 25, 50 and 100 µg kg-1 of chloramphenicol, thiamphenicol and florfenicol 

respectively.  Seven replicates were obtained for each concentration level.  The recovery (trueness) was 

calculated by comparing the measured concentration to the spiked concentrations.  The mean recoveries 
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of fortified samples at three spiking levels are presented in Table 4.3.  Recoveries were 88.7 % to 98.8%, 

87.2 % to 101 % and 88.8 % to 102 % for water, bovine milk and bovine muscle respectively.  Amelin 

et al [18] reported recoveries of 64 to 87 % on DLLME extraction of phenicols in food followed by 

HPLC. 

 

Within batch repeatability (% CV) were obtained from the mean recoveries and the standard deviation 

of the 7 samples per level.  Between batch reproducibility (% CV) was calculated from within batch 

precision data of spiked blank on three different occassions.  Data for the within laboratory 

reproducibility was calculated using single factorial analysis of variance (ANOVA).  The % CV ranges 

were 4 - 10%, 5 - 11% and 5 - 11% for water, bovine milk and bovine muscle respectively.   
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Table 4.3:  Recovery of blank samples spiked with phenicols at different spiking levels using 

DLLME 

Matrix Analyte Spiking level, 

(µg kg-1) 

% Mean 

recovery, n= 21 

(data from 3 

batches) 

 

%CV 

 

 

 

 

 

 

 

 

Water 

 

CAP 

0.30 96.3 5.10 

0.45 97.2 5.45 

0.60 89.3 4.36 

 

FFC 

50.0 88.7 6.86 

100 98.8 10.1 

200 92.1 6.92 

 

THAP 

25.0 96.4 8.42 

50.0 90.0 7.08 

100 91 6.61 

 

 

 

CAP 

0.30 89.9 6.01 

0.45 92.6 8.44 
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Bovine 

milk 

 

 

Bovine 

milk 

0.60 87.2 10.1 

 

FFC 

50.0 101 8.00 

100 96.1 5.76 

200 96.0 5.21 

 

THAP 

25.0 93.5 5.40 

50.0 89.0 7.22 

100 94.3 11.49 

 

 

 

 

 

Bovine 

muscle 

 

CAP 

0.30 102 6.79 

0.45 100 7.01 

0.60 95.0 5.44 

 

FFC 

50.0 99.6 4.97 

100 91.8 8.42 

200 97.7 11.31 

 

 

THAP 

25.0 89.0 6.03 

50.0 88.8 8.27 

100 97.5 8.20 
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4.5.4 Decision Limit (CCα) and Detection Capability (CCβ) 

 

The performance limits were determined using results for the precision batches for 21 samples at MRL 

and MRPL was used to calculate CCα with the formula; 

CCα = mean signal at MRL + 1.64 SD 

Table 4.4 presents results for the method performance limits. CCα’s for water samples were 0.13 µg 

kg-1, 60 µg kg-1 and 116 µg kg-1 for chloramphenicol, thiamphenicol and florfenicol respectively while 

those for bovine milk samples were 0.12 µg kg-1, 62 µg kg-1 and 118 µg kg-1 for chloramphenicol, 

thiamphenicol and florfenicol respectively.  For bovine muscle meat samples CCα values were 0.15 µg 

kg-1, 66 µg kg-1 and 119 µg kg-1 for chloramphenicol, thiamphenicol and florfenicol respectively. 

 

Twenty one blank samples were then fortified at CCα to calculate CCβ as follows;  

CCβ = mean signal at CCα + 1.64 SD 

CCβ’s for water samples were 0.23 µg kg-1, 72 µg kg-1 and 128 µg kg-1 for chloramphenicol, 

thiamphenicol and florfenicol respectively while for milk samples they were 0.21 µg kg-1, 75 µg kg-1 

and 131 µg kg-1 for chloramphenicol, thiamphenicol and florfenicol respectively. For bovine muscle 

CCβ values were 0.26 µg kg-1, 78 µg kg-1 and 135 µg kg-1 for chloramphenicol, thiamphenicol and 

florfenicol respectively.  

 

4.5.5 Comparison of DLLME with other extraction methods 

Table 4.4 below shows a comparison of DLLME with other extraction methods for amphenicols using 

MS as a detector.  The developed DLLME method is an improvement of the existing methods [103, 

104] where LLE was used for clean-up.  Recoveries for LLE ranged between 95.1 % to 107.3 % with 

the intra-inter day variation (RSD) of less than 10.9 % and 10.6 % respectively [104].  Recoveries for 

dSPE for all the 3 phenicols ranged from 84.2 % to 99.8 % with RSD lower than 12 % [105].   

The LOD’s, LOQ’s, CCα and CCβ obtained for DLLME were lower when compared to those for LLE.   
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Table 4.4:  Comparison of DLLME with other extraction methods   

 

 
Analyte Matrix Sample 

preparation 

Analytical 

method 

LOD 

(µg kg-1) 

LOQ 

(µg kg-1) 

CCα 

(µg kg-1) 

CCβ 

(µg kg-1) 

Ref 

CAP Bovine 

muscle 

DLLME LC-MS/MS 0.071 0.173 0.15 0.26 This study 

FFC Bovine 

muscle 

DLLME LC-MS/MS 4.02 7.63 119 135 This study 

THAP Bovine 

muscle 

DLLME LC-MS/MS 2.96 8.51 66 78 This study 

CAP Bovine 

milk 

DLLME LC-MS/MS 0.087 0.197 0.12 0.21 This study 

FFC Bovine 

milk 

DLLME LC-MS/MS 4.00 9.13 118 131 This study 

THAP Bovine 

milk 

DLLME LC-MS/MS 2.42 5.40 62 75 This study 

CAP Water DLLME LC-MS/MS 0.096 0.171 0.13 0.23 This study 

FFC Water DLLME LC-MS/MS 3.92 8.01 116 128 This study 

THAP Water DLLME LC-MS/MS 2.80 7.85 60 72 This study 

CAP Chicken 

muscle 

Liquid-Liquid 

extraction 

LC-MS/MS 0.1 0.2 0.37 0.43 104 

CAP Bovine 

muscle 

Liquid-Liquid 

extraction 

LC-MS/MS 0.072 0.239 0.45 0.56 105 

 

The compliance of the method is demonstrated by CCβ and CCα since for compounds in which an 

MRPL has been established.  The expectation is that CCβ must be less or equal to MRPL and CCα must 

always be less than the MRPL [11].  The results obtained in this study are in  full agreement since CCβ 

was found to be 0.26 µg L-1 which is less than 0.3 µg L-1 (MPRL) and CCα is 0.15 for water.  CCβ and 

CCα for chicken muscle [104, 105] were much higher than the ones obtained for this study this shows 

that LLE method is less sensitive than the one used for the current study.  
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4.6 Application of method to real samples 

The validated DLLME method was used to extract amphenicols residues from samples received at 

Botswana National Veterinary Laboratory.  The samples were bovine milk and meat received from 

Botswana Meat Commission and the district farms around the country.  The samples were quantified 

against linearity range of 0 µg kg-1 to 0.9 µg kg-1, 0 µg kg-1 to 100 µg kg-1 and 0 µg kg-1 to 200 µg kg-1 

for chloramphenicol, thiamphenicol and florfenicol respectively at 7 different concentration levels.   

Recovery of the analytes was tested at MPRL and at half MRL.  For meat samples, 2 out of 7 samples 

were found to contain chloramphenicol and thiamphenicol at 0.25 µg kg-1 and 11.3 µg kg-1 respectively. 

For milk samples, only 1 out of 7 samples was found to contain thiamphenicol at 18 µg kg-1. One out 

of 7 water samples contained the three target analyes at 0.21 µg kg-1, 14.3 µg kg-1 and 10.4 µg kg-1 of 

chloramphenicol, florfenicol and thiamphenicol respectively.  The target analytes were quantified above 

the limit of quantification. 

The proposed method is therefore suitable for detecting residues of amphenicols below MPRL and 

MRL. 
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CHAPTER FIVE 

5 CONCLUSIONS AND FUTURE WORK 

5.1 Conclusions 

The main research objective of this study was to develop and validate an environmentally friendly 

DLLME method for the extraction of amphenicols from bovine milk and meat.  DLLME was 

successfully developed and the extraction solvent type and volume, disperser solvent type and volume 

and the pH of the donor phase were optimised.  Optimum conditions which gave the best extraction 

efficiencies were : 

i) 250 µL of dichloromethane as an extraction solvent. 

ii) 1000 µL of acetonitrile as an disperser solvent.  

iii) pH 7 as the pH of the aqueous (donor) phase. 

Linear calibration curves were observed for water, bovine milk and muscle in the ranges of 0.3 µg kg-1 

to 1.2 µg kg-1, 20 µg kg-1 to 100 µg kg-1 and 50 µg kg-1 to 200 µg kg-1 for chloramphenicol, 

thiamphenicol and florfenicol respectively with regression coefficients ranging between 0.9941 and 

0.9999.  LODs for CAP, FFC & THAP were 0.082, 3.31, and 2.32 µg L-1 respectively in water, while 

that for milk were 0.087, 4.00 and 2.42 µg L-1 for CAP, FFC and THAP respectively and LODs for 

CAP, FFC and THAP in bovine muscle were 0.071, 4.02 and 2.96 µg kg-1 respectively.  LOQs for CAP, 

FFC & THAP were 0.173, 7.61, and 7.21 µg L-1 respectively in water, while that for milk were 0.197, 

9.13 and 8.01 µg L-1 for CAP, FFC and THAP respectively and LOQs for CAP, FFC and THAP in 

bovine muscle were 0.173, 7.63 and 8.51 µg kg-1 respectively.  

 

The optimised method was able to extract amphenicols and gave recoveries of 88.7 % to 98.8%, 87.2 

% to 101 % and 88.8 % to 102 % for water, bovine milk and bovine muscle respectively. It can be 

concluded that the recoveries are within the acceptance criteria of 50 % to 120 % for MPRL analytes 

and 80 % to 110 % for MRL substances [11].  The % CV ranges were 4 - 10%, 5 - 11% and 5 - 11% 
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for water, bovine milk and bovine muscle respectively.  These results are all below 23% and therefore 

according to acceptance criteria [11] the results are acceptable and show the method is precise.   

 

Based on comparison of accuracy and precision of the developed DLLME method with the existing 

methods it can be concluded that the methods are comparable and within the acceptable international 

standard [11].  However, DLLME has more advantages of being inexpensive, environmentally friendly 

(use of minimum organic solvents) and time saving.  Based on the findings of this study, DLLME is 

applicable to more complex matrices such as milk and meat.   

 

DLLME has a very short extraction time, low organic solvent consumption and higher enrichment 

factor. Traditional LLE has a longer extraction time and used high volumes of organic solvent. 

Dispersive SPE is time consuming and its organic solvent consumption is higher than that for DLLME. 

5.2 Recommendations for further studies 

A further study on matrix effect may be done in future in order to improve the LOD’s and LOQ. Matrix 

effects are generally encountered when components of the matrix co-elutes with analytes of interest 

causing ionisation suppression or enhancement. Post column infusion (PCI) of analyte can be used to 

identify matrix effect. PCI is done by; 

 injecting a matrix extracted sample into an LC column on the LC-MS/MS   

 infusing the analyte between the column and the MS source 

  and a blank such as mobile phase, water or buffer can be injected to determine the baseline. 

Ionisation suppression or enhancement will be visualised on the chromatogram. 
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Annex 

Table A1:  Comparison of DLLME with dSPE and LLE validation parameters for phenicols 

extraction in water  

Analyte Extraction 

procedures 

Validated parameters 

Linearit

y range  

(µg kg-

1) 

r2 LOD 

(µg 

kg-1) 

LOQ 

(µg 

kg-1) 

%CV 

  

CCα 

(µg 

kg-1) 

CCβ 

(µg 

kg-1) 

Chlorampheni

col 

DLLME 0.3 – 0.9 0.99

99 

0.082 0.173 5.10  

 

0.3 

µg/kg 

0.09 0.19 

dSPE 0.99

63 

0.088 0.163 6.20 0.13 0.20 

LLE 0.99

82 

0.091 0.189 4.02 0.10 0.18 

Thiamphenico

l 

DLLME 25 – 100 0.99

41 

2.32 7.21 8.42  

 

25 

µg/kg 

58 64 

dSPE 0.99

96 

3.15 8.42 4.38 64 72 

LLE 0.99

99 

2.21 6.84 6.43 61 70 

Florfenicol DLLME 50 -200 0.99

67 

3.31 7.61 6.86  

 

50 

µg/kg 

112 130 

dSPE 0.99

88 

4.12 8.84 8.03 109 121 

LLE 0.99

92 

3.41 8.15 4.60 118 126 

Note: %CV column shows comparison of coefficient of variations for DLLME, dSPE and LLE at the 

same spiking levels of phenicols. 
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Table A2: Comparison of DLLME with dSPE and LLE repeatability data for phenicols 

extraction in milk 

Analyte Extraction 

procedures 

Validated parameters 

Linearit

y range  

(µg kg-

1) 

r2 LOD 

(µg 

kg-1) 

LOQ 

(µg 

kg-1) 

%CV 

  

CCα 

(µg 

kg-1) 

CCβ 

(µg 

kg-1) 

Chloramphen

icol 

DLLME 0.3 – 0.9 0.99

79 

0.087 0.197 6.01  

 

0.3 

µg/kg 

0.12 0.21 

dSPE 0.99

87 

0.091 0.189 8.50 0.11 0.19 

LLE 0.99

91 

0.099 0.192 6.45 0.14 0.20 

Thiamphenic

ol 

DLLME 25 – 100 0.99

54 

2.42 8.01 5.40  

 

25 

µg/kg 

62 75 

dSPE 0.99

99 

3.62 8.47 4.01 59 70 

LLE 0.99

93 

2.46 7.14 6.10 58 68 

Florfenicol DLLME 50 -200 0.99

69 

4.00 9.13 8.00  

 

50 

µg/kg 

118 131 

dSPE 0. 

9989 

3.89 8.14 8.52 121 132 

LLE 0.99

90 

3.81 8.88 4.62 119 129 

Note: %CV column shows comparison of coefficient of variations for DLLME, dSPE and LLE at the 

same spiking levels of phenicols. 
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Table A3: Comparison of DLLME with dSPE and LLE repeatability data for phenicols 

extraction in muscle 

Analyte Extraction 

procedures 

Validated parameters 

Linearit

y range  

(µg kg-

1) 

r2 LOD 

(µg 

kg-1) 

LOQ 

(µg 

kg-1) 

%CV 

  

CCα 

(µg 

kg-1) 

CCβ 

(µg 

kg-1) 

Chloramphen

icol 

DLLME 0.3 – 0.9 0.99

99 

0.096 0.173 6.79  

 

0.3 

µg/kg 

0.15 0.26 

dSPE 0.99

63 

0.099 0.201 12.0 0.13 0.22 

LLE 0.99

82 

0.101 0.189 10.3 0.16 0.22 

Thiamphenic

ol 

DLLME 25 – 100 0.99

41 

2.96 8.51 6.03  

 

25 

µg/kg 

66 78 

dSPE 0.99

96 

2.81 7.12 8.73 64 76 

LLE 0.99

99 

3.42 7.44 9.24 66 79 

Florfenicol DLLME 50 -200 0.99

67 

4.02 7.63 4.79  

 

50 

µg/kg 

119 135 

dSPE 0.99

88 

3.89 8.46 8.21 128 139 

LLE 0.99

92 

3.63 7.51 13.1 121 138 

Note: %CV column shows comparison of coefficient of variations for DLLME, dSPE and LLE at the 

same spiking levels of phenicols. 

 


