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ABSTRACT 

The basic concept of sample preparation methods is to convert a real matrix into a sample suitable for analysis. This 
process almost inevitably changes the interactions of compounds with their concrete chemical environment. These 
interactions are determined by the physical and chemical properties of both analytes and matrices, and they affect the 
applicability of different sample preparation techniques and analytical methods as well as their efficiency and 
reproducibility. Hence, characterization of the initial physicochemical state of a sample is a precondition of all further 
sample-preparation steps. Although many traditional sample-preparation methods are still in use, there have been 
trends in recent years towards use of smaller initial sample sizes, small volumes or no organic solvents; greater 
specificity or greater selectivity in extraction; and, increased potential for automation. The objective of this review article 
is to firstly give an overview of the sample preparation techniques that are applied in different sample matrix. The review 
will focus on new techniques and technologies, which improve efficiency and coverage of residues. Moreover, these 
techniques were compared with other sample preparation techniques in line with important analytical figures including 
their merit with demerit.   
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Sample preparation 
The basic concept of sample preparation methods is to convert a real matrix into a sample suitable for 
analysis. This process almost inevitably changes the interactions of compounds with their concrete 
chemical environment. These interactions are determined by the physical and chemical properties of both 
analytes and matrices, and they affect the applicability of different sample preparation techniques and 
analytical methods as well as their efficiency and reproducibility. Hence, characterization of the initial 
physicochemical state of a sample is a precondition of all further sample-preparation steps [1].  
Sample preparation can be achieved by employing a wide range of techniques, but all methods have the 
same goal like to remove potential interferences; to increase the concentration of an analyte; if necessary, 
to convert an analyte into a more suitable form; and, to provide a robust, reproducible method that is 
independent of variations in the sample matrix. Although many traditional sample-preparation methods 
are still in use, there have been trends in recent years towards use of smaller initial sample sizes, small 
volumes or no organic solvents; greater specificity or greater selectivity in extraction; and, increased 
potential for automation. Sample preparation must also be tailored to the final analysis, considering the 
instrumentation to be used and the degree of accuracy required, whether quantitative or qualitative [2, 
3]. In this review article it is attempted to address; the working principle of supercritical fluid extraction 
technique (SFE); Microwave assisted extraction technique (MAE) & Molecular imprinting polymer (MIP). 
Moreover, these techniques were compared with other sample preparation techniques in line with 
important analytical figures including their merit with demerit.  Finally, their application is discussed in 
detail in different sample matrices.  
 
SUPERCRITICAL FLUID EXTRACTION (SFE) 
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Supercritical fluid (SF) is a fluid at a temperature and a pressure exceeding its critical values. SF possesses 
gas like mass transfer properties and liquid-like solvation characteristics. The solvating power of SF with 
increasing density approaches that of liquid solvents. Carbon dioxide (CO2) is the most frequently used SF 
because of its low critical temperature (31.1OC) and pressure (72.8 atm), being chemically inert and 
nontoxic, as well as availability in a fairly pure state at a reasonable cost. CO2-SF near its critical point is a 
low-polarity solvent, with a polarity comparable to that of hexane. Thermodynamic relationship of a close 
system, composed by a single-component, can be described through a phase diagram (p, T) that is the 
graphic representation of all equilibrium phases for all the p, T coordinates. The diagram region between 
the triple point, where all the threes physical states (solid, liquid and gas phase) coexist, and the critical 
point define the p, T coordinates of vapor-liquid equilibrium (Figure 1). Above the critical point (p > pc, T 
> Tc), the system is a supercritical fluid. Differently from the other part of diagram, the supercritical fluid 
is not delimited from any transition phase curve, therefore the passage through the critical point is 
without the exchange of latent heat. Therefore, for a gas at T > Tc but p < pc, every compression will 
produce an increase of density without formation of liquid and without exchange of latent heat. Over the 
critical pressure pc, the system passes into the supercritical state Supercritical fluids appear as a 
compressed gas; therefore, supercritical fluids are similar to a liquid with elevated density and low 
compressibility and at the same time they are similar to a gas with elevated diffusivity and low viscosity 
[4-6].  
 

 
       Figure 1. Phase diagram (p, V) for a pure compound in a close system 
 
Alternatively, addition of a small percentage of such organic solvent as methanol, called "modifier", to the 
fluid usually enables it to extract polar compounds. A variety of analytes, ranging from non-polar to polar, 
can thus be quantitatively extracted. Carbon dioxide (CO2) is the most used supercritical material for 
many reasons. These include: ease of manipulation (with critical temperature and pressure, good solvent 
strength, compatibility with solutes, lack of toxicity and it is non-flammable, non-corrosive, odorless and 
inexpensive [5]. With proper ventilation CO2 presents little harm to the analyst. These advantages of CO2 
do not necessarily apply to other solvents; nitrous oxide for example was reported to explode when used 
for analytical extraction of ground coffee [7, 8].  
 

Supercritical fluids: properties and advantages 
SFE take advantage of the basic physical properties of supercritical fluids. The physical properties are 
between those of a gas and those of a liquid meaning that SFC is between GC and HPLC; SFC uses both the 
solvating power of a liquid and the lower viscosities of a gas. The major advantages of supercritical 
technology include improved efficiency, non-toxicity, cost-effectiveness, speed and convenience of use. It 
is also noted that the diffusion properties of supercritical CO2 allow the rapid penetration and extraction 
of samples, and that the low critical temperature allows good stability of thermally labile materials. 
Though adding an organic solvent to a supercritical fluid can act significantly on the strength; to extract 
more polar compounds, limit the choice of detectors [9 - 12]. 
 

Application of SFE    
Lél et al. [13] used SFE for the monitoring of the cannabinoid content in plant material. First, air-dried 
marihuana samples were ground in an electric grinder, sieved and from the fractions of different particle 
size (d) ranges (0.800 mm < d, 0.315–0.800 mm, 0.250–0.315 mm, 0.200–0.250 mm, 0.125-0.200 mm, 
0.063–0.125 mm, d < 0.800 mm) 50 mg amounts were weighed for SFE experiments. The samples were 
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wrapped in a filter-paper (75 mm × 30 mm) in order to avoid the plugging of the frit with small particles 
at the outlet of the extractor chamber. 
The extractions were run with a 0.9 g/ml density of carbon dioxide at 40OC. The flow rate of the 
extraction fluid was 1.5 ml/min. For studying the extraction profiles for the different particle size samples 
the total extraction time was 130 min and within this period the fractions extracted serially after 5; 5; 7; 
8; 10; 15; 20; 30 and 30 min, were trapped at 30OC and then eluted with 1.5 ml of n-hexane at 40°C. The 
extraction curves obtained for the samples with different average particle size are shown in Figure 2. 
According to the similarity of curves the same extraction mechanism can be assumed for all of the sieve 
fractions investigated. For each sample application of 40 min extraction time resulted in practically 
exhaustive extraction of THC However, in the THC content of the different sieve fractions significant 
differences can be observed. The sieve fractions with greater average particle size than 0.200 mm contain 
relatively high portions of leaves and other parts being poor in resin, resulting in lower THC content for 
these samples. 

 
Figure 2. Recovery of THC vs. extraction time, for different sieve fractions of marihuana 
 
Moreover, for HPLC monitoring of Cannabinoid by SFE, the isocratic normal-phase separation was 
achieved using amino propylsilica stationary phase and n-hexane-ethanol (97:3 v/v) as a mobile phase at 
a flow-rate of 1.3 ml/min. The cannabinoids were detected at 215 nm. The injection volume was 20 μl. A 
typical chromatogram of an extract is shown in Figure 3. 

 
Figure 3. Typical HPLC chromatogram of a marihuana extract. THC; tetrahydrocannabinol, CBD ; 

cannabidiol, CBN;  cannabinol 
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Similarly, SFE was used by Startin et al.[14]  for  the analysis of Antibiotics  with Chromatographic 
conditions: column packed with 5 µm particle amino-bonded Spherisorb (100 × 4.6 mm i.d.), column 
temperature 90OC, CO2 flow rate of 4 mL min-1, pressure 361 bar. Mobile phase was CO2 modified initially 
with 15% methanol and after 4 min with 25% methanol. The chromatogram obtained is below in figure 4. 

 
Figure 4. Chromatogram obtained from SFC of a mixture of sulfonamides with UV (wavelength 270 nm). 
Peak identification: A, sulfadoxine; B, sulfamethazine; C, sulfamerazine; D, sulfadimethoxine; E, 
sulfadiazine; F, sulfaquinoxaline; G, sulfachlorpyridazine; H, sulfathiazole. Chromatographic conditions: 
column packed with 5 µm particle amino-bonded Spherisorb (100 ×4.6 mm i.d.), column temperature 
90OC, CO2 flow rate of 4 mL min-1, pressure 361 bar. Mobile phase was CO2 modified initially with 15% 
methanol and after 4 min with 25% methanol 
A method for the determination of tebupirimphos (an organ phosphorous type insecticide) residues in 
sugar beet was developed [15]. The tebupirimphos was extracted from the samples using supercritical 
fluid extraction (SFE) and analyzed by capillary gas chromatography coupled with nitrogen-phosphorus 
detection. The LOD of tebupirimphos was 0.0001 mg/kg, with the LOQ of 0.0003 mg/kg. In addition, the 
intra- and inter-day precision was satisfactory with RSD less than 10.0 %. Good detector response 
linearity (R2= 0.9914) was observed in the range of 0.00488-0.975 μg/ml. The recovery of supercritical 
extraction was 95.08 %, (RSD 8.2 %). It can be concluded that the tebupirimphos can be efficiently 
extracted using SFE and residues in the sugar beet root. 
 
MICROWAVE ASSISTED EXTRACTION (MAE) 
Microwaves are electromagnetic fields in the frequency range of 300 MHz to 300 GHz or between 
wavelengths of 1 cm and 1m. These electromagnetic waves are made up of two oscillating perpendicular 
fields: electrical field and magnetic field. Microwaves are used as information carriers or as energy 
vectors. The first application is the direct action of waves on material which is able to absorb a part of 
electromagnetic energy and to transform it into heat. The most commonly used frequency for commercial 
microwave instruments is 2450 MHz, which corresponds to energy output of 600- 700 Watts. The 
dielectric properties of materials depend on two parameters. The first is ε', the dielectric constant which 
describes the polarizability of the molecule in an electric field. The dielectric loss factor; ε'', measures the 
efficiency with which the absorbed microwave energy can be converted into heat. The ratio of the two 
terms is the dissipation factor, ε "/ε' ultrasonic extraction, δ = ε "/ε' [16, 17]. 
The use of microwave irradiation is another way of increasing the efficiency of conventional extraction 
methods. Microwave assisted extraction consists of heating the solvent in contact with the sample by 
means of microwave energy. The process involves disruption of hydrogen bonds, as a result of 
microwave-induced dipole rotation of molecules, and migration of the ions, which enhance penetration of 
the solvent into the matrix, allowing dissolution of the components to be extracted. When choosing 
parameters for microwave extraction physical parameters like solubility, dielectric constant, and the 
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dissipation factor (δ) must be considered. The first factor is to choose a solvent, with a high extracting 
power in which the target analyte is soluble. Usually higher dielectric constant gives higher degree of 
microwave absorption. Water has the highest dielectric constant and is the most common solvent. 
However, the dissipation factor is significantly lower than that of other solvents. Thus, the rate at which 
water absorbs microwave energy is higher than the rate at which the system can dissipate the heat. This 
phenomena account for the “superheating” effects, which occur when water is present in the matrix. 
Localized superheating can have positive or negative effects, depending on the matrix. In some cases it 
can increase the diffusivity of the analyte in the matrix. Moreover, the intense heating can cause 
degradation of the analyte and/or “explosion” of the solvent. [16 - 19]. 

 
Factors to be considered when using microwave assisted extraction method 
There are a number of factors that one must consider when using microwave assisted extraction method 
such as the choice of solvent, microwave application time, microwave-power, uniqueness of the matrix; 
Effect of contact sample surface area, and effect of temperature the details of the factors are as follows. 
The choice of solvent: The basic factor which affects an extraction process is the choice of appropriate 
solvent. In an experimental setup the choice of the solvent will be based upon the solubility of the desired 
analyte, the solvent-matrix interaction and the property of the solvent to absorb microwaves [20]. The 
selected solvent should have a high selectivity towards the analyte of interest than the other matrix 
components and also a good compatibility with further chromatographic analytical steps. Solvents which 
are transparent to microwaves, do not heat up under microwave and those with good microwave 
absorbing capacity get heated up faster and enhances the extraction process. In order to get optimum 
extraction yields, researchers even use mixtures of high and low microwave absorbing solvents.  
The matrix: The ratio of matrix to solvent also plays an important role in extraction [21]. The solvent 
volume should be sufficient enough to immerse the matrix completely in the solvent throughout the 
entire irradiation process. In conventional extraction methods, a higher ratio of solvent volume to solid 
matrix gives better extraction yields, whereas in case of MAE a higher solvent: ratio of solvent to matrix 
ratio may not give better yield due to non uniform distribution and exposure to microwaves.  
Microwave Application Time: Time period of heating is another important factor that influences the 
extraction process of MAE. The quantity of analyte extracted can be increased with an increase in the 
extraction time, but there is an associated risk of degradation of thermo labile components [22].  
Microwave-power: The factors microwave power and irradiation times influence each other to a great 
extent. In order to optimize a MAE procedure a combination of low or moderate power with longer 
exposure is generally selected. Although with to the use of high power there is an associated risk of 
thermal degradation/deterioration there are reports which shows that varying of power from 500 W to 
1000 W had no significant effects on the yield [23].  
Uniqueness of the matrix: The matrix characteristics like particle size and the nature of the material will 
affect the recoveries of the compounds to a considerable extent. The finer the particles size of the sample 
the larger the surface area the better the penetration of microwaves [24]. Finer particle size of matrix, 
may sometimes pose a problem during separation of matrix from solvent after the extraction process. 
Additional step of centrifugation or filtration can serve as a remedy to this issue. If the samples are 
pretreated with microwave absorbing solvents, the solvent gets impregnated into the cells [25].  
Temperature; High-temperature extraction can be profitable with the resulting increase in solubility. This 
is because higher temperature causes increased intermolecular interactions within the solvent, giving rise 
to higher molecular motion which increases the solubility. The increasing temperature may also cause a 
cellular pressure build up which may cause cell rupture and opening of the cell matrix, and as a result, 
increased components availability to be extracted into the solution. Moreover, at high temperature, the 
solvent viscosity decreases, increasing its mobility and solubility, thus increasing the efficiency of 
extraction [26]. However, in some cases, it has been observed that the extraction efficiency increases with 
the increase in temperature until an optimum temperature and solvent to solid ratio is obtained and then 
it starts decreasing with the further increase in temperature. This also varies with the type of compounds 
to be extracted as the degradation temperature of every compound is different. Higher temperature or 
prolonged application of high temperature, induced by prolonged application of high power levels can 
lead to degradation and subsequent decrease in yield and quality. 
 

Mechanism of Microwave Extraction 
The fundamentals of the microwave extraction (MAE) process are different from those of conventional 
methods (solid–liquid or simply extraction) because the extraction occurs as the result of changes in the 
cell structure caused by electromagnetic waves. In MAE, the process acceleration and high extraction 
yield may be the result of a synergistic combination of two transport phenomena: heat and mass 
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gradients working in the same direction. On the other hand, in conventional extractions the mass transfer 
occurs from inside to the outside, although the heat transfer occurs from the outside to the inside of the 
substrate (Fig.5). In addition, although in conventional extraction the heat is transferred from the heating 
medium to the interior of the sample, in MAE the heat is dissipated volumetrically inside the irradiated 
medium [27]. 

 

 
Figure 5.  Basic heat and mass transfer mechanisms in microwave and conventional extraction  
 
Application of MAE 
MAE [28] was carried out for the simultaneous determination of the insecticides thiamethoxam [(EZ)-3-
(2-chloro-1,3-thiazol-5-ylmethyl)-5-methyl-1,3,5-oxadiazinan-4ylidene (nitro)amine], imidacloprid [1-(6-
chloro-3-pyridylmethyl)-N nitroimidazolidin-2-ylideneamine], and the fungicide carbendazim (methyl 
benzimidazol-2-ylcarbamate) in vegetable samples. Five crop samples consisting of cabbage, tomatoes, 
chilies, potatoes, and peppers were fortified with the three pesticides and subjected to MAE followed by 
cleanup to remove coextractives prior to analysis by high-performance liquid chromatography. Using the 
selected microwave exposure time and power setting, the recoveries of the three pesticides from the 
fortified vegetable samples ranged from 68.1 to 106% (Table1, 2 & 3). The corresponding recoveries for 
samples processed simultaneously but without microwave exposure ranged from 37.2 to 61.4%. The 
recoveries by MAE were comparable to those obtained by the conventional blender extraction technique. 
The precision of the MAE method was demonstrated by relative standard deviations of < 7% for the three 
pesticides. The cooked cabbage and tomato samples showed no breakdown of the parent compounds, and 
the recoveries of three pesticides were comparable to those obtained with the uncooked samples. 

Table 1. Percent Mean Recoveries and RSD of Thiamethoxam, Imidacloprid, and Carbendazim from 
Fortified Cabbage and Tomato without and after Microwave Extraction 

Fortification level (µg/g) thiamethoxam imidacloprid carbendazim 

MAE No MAE MAE No MAE MAE No MAE 

Cabbage 
0.1 81.7(6.6) 44.1(9.9) 77.0(7.1) 58.1(2.1) 68.3(4.6) 47.0(1.2) 
0.5 93.6(7.1) 47.1(2.1) 76.8(3.6) 53.8(4.7) 72.8(3.7) 52.1(1.9) 
1.0 99.7(6.6) 51.7(1.4) 82.7(3.0) 60.9(2.6) 74.7(3.0) 49.4(2.0) 

Tomato 
0.1 100(9.2) 60.7(5.2) 92.8(5.2) 52.5(2.8) 68.1(7.6) 44.1(4.2) 
0.5 98.8(2.2) 58.6(4.3) 87.7(5.1) 51.1(3.7) 80.7(3.8) 47.0(3.2) 
1.0 97.2(1.4) 56.5(1.8) 89.3(3.7) 48.6(1.3) 81.0(2.0) 50.9(1.3) 

 
Table 2. Percent Mean Recoveries of Thiamethoxam, Imidacloprid, and Carbendazim from Chilies, 

Peppers, and Potatoes Fortified at 1.0µg/g Level without and after Microwave Extraction 
 
Vegetables  

Thiamethoxam Imidaclorpid Carbendazim 

MAE No MAE MAE No MAE MAE No MAE 
Chilies  89.9 (6.3) 60.4 99.5 (6.5) 37.2 106 (3.2) 45.0 
Peppers 106 (6.7) 61.4 82.0 (4.8) 48.2 82.1 (1.8) 45.2 
Potatoes 104 (2.1) 57.1 76.3 (2.3) 42.3 78.9 (6.8) 42.7 
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Table 3. Percent Mean Recoveries and RSD of Thiamethoxam, Imidacloprid, and Carbendazim from 
Cabbage, Tomatoes, Chilies, Peppers, and Potatoes Fortified at 1.0 µg/g Level with Blender Extraction 

Vegetable Thiamethoxam Imidacloprid Carbendazim 
Cabbage 90.2(2.3) 81.3(6.7) 70.1(1.9) 

Tomatoes 94.0(6.8) 90.2(1.8) 79.7(4.3) 
            Chilies 85.3(6.3) 92.4(6.5) 92.2(2.4) 

Peppers 92.1(2.3) 81.3(6.8) 81.5(1.8) 
Potatoes 97.5(1.8) 76.1(4.8) 72.9(2.9) 

 
Furthermore, MAE offers several advantages over Soxhlet extraction: a reduction in extraction time 
(typically 10–30 min) and in solvent consumption (around 25–50 ml, reduced by 5–10-fold compared to 
traditional extractions), enhanced reproducibility, reduced exposure to solvent vapors, and lower solvent 
wastes. The efficiency of MAE, the recoveries of several classes of pollutants are compared with those 
obtained by either Soxhlet extraction or sonication (Figure 6). For native phenols, a higher overall 
average recovery was obtained by MAE (71% vs. 52% and 57% for Soxhlet and sonication respectively), 
along with a higher precision. Similarly, this technique afforded the highest recoveries for most of the 
organochlorine pesticides investigated except 4,4′-DDT and dieldrin. With phthalate esters, MAE gave 
also comparable or higher recoveries than the traditional techniques. It is evident that MAE could 
advantageously replace traditional extraction techniques in the laboratories [29]. 
 

 
Figure 6. Comparison of MAE and traditional extraction techniques for the determination of several 
pollutants in soils and sediments. (a) Native phenols from a reference soil. (b) Spiked OCPs from a topsoil. 
(c) Spiked phthalate esters from a sediment. PMAE conditions: 5 g matrix, 30 ml hexane–acetone (1:1), 
1000 W, 115°C, 10 min. 
 
Comparison of SFE, MAE with other sample extraction techniques   
The main differences in those aforementioned sample preparation techniques are speed, organic solvent 
usage, degree of automation, and cost. SFE method development takes longer because of possible matrix 
effects and lack of a thorough understanding of the effect of co-solvents on analyte extraction. However, 
optimized SFE methods provide recovery and reproducibility equivalent to these more conventional 
extraction techniques. Pressurized fluid extraction, modern Soxhlet extraction, and SFE are more 
automated, compared to MAE. For MAE, Sonication, PFE, and some SFE instruments, multiple extractions 
can take place simultaneously. Both PFE and MAE do not concentrate the extracted analytes since they 
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end up in the volume of the original extraction solvent. SFE using a solid trap with solvent elution will 
allow for a degree of concentration. PFE sometimes requires that the content of the extraction cell be 
pumped out with another solvent so that the total extraction volume dilutes the sample more than MAE. 
However, all of these newer methods save time, labor, and solvents compared to older extraction 
methods [30]. 

 
Table 4. Comparison of SFE, MAE with other extraction techniques 

Parameter  Sonication  Soxhlet Soxhlet  SFE PSE/ASE Microwave Microwave 

(traditional) (modern) (CV) (OV) 

Sample, g 20-50    10-20  10-20  5- 10  1- 30  2-30  2- 10 

Solvent volume, 
mL 

100- 300 200- 500 50- 100 10- 20*** 10- 45 20- 30 20- 30 

Temperature  Ambient- 
40 

40- 100 40- 100 50- 150 50- 200 50- 200 40- 100 

Pressure  Atm.  Atm. Atm. 2000- 
4000 psi 

1500- 
2000psi 

1500-
2000psi 

Atm. 

Time ,hr  0.5- 1.0 12- 24     1- 4 0.5- 1.0 0.2- 0.3 0.1- 0.2 0.1- 0.2 

Degree of 
automation * 

 0 0 ++ +++ +++ ++ ++ 

Cost of 
instrument *** 

Low  Very low Moderate  High  High  Moderate  Moderate  

CV = closed vessel 
OV = open vessel 
* For the most complete commercial instrument, 0 = no automation to +++ = full automation 
** Maximum number that can be handled in commercial instruments 
*** Very low < $1000; low < $10,000; moderate $10,000-20,000; high > $20 

Table 5. Comparison of sample extraction techniques with  their characteristics  & advantages and 
disadvantages 

Extraction 
technique 

Characteristics Advantage Disadvantage 

MAE 

Time: 10–60 min 
Sample: 1–30 g 
Extractant: 10–150 
ml 
Only organic solvent 
 

Fast extraction 
Low solvent volume 

Extraction solvent must be able to 
absorb microwaves 
Clean-up required 
Degradation of some analyte  

PLE 

Time: 5–60 min 
Sample: 0.4–30 g 
Extractant: 1–50 ml 
Organic solvent, 
water and mixtures 
 

Rapid extraction 
Low solvent volumes 
No filtration required 
Automated system 
On-line coupling to 
LC/MS by a sorbent 
trap (when water is 
used as extractant) 

Clean-up required 
Degradation of some analyte 
When it is coupled on-line, the sorbent 
trap has a short life (so it should be 
replaced after 7–8 h) 
 
 
 
 
 

MI-SPE 
Works best with 
organic extracts 

Highly selective for 
individual compounds 
or compound class 
Stable at extreme pHs 
 

Custom-made product developed for 
each analyte 
Little usable for enrichment of many 
different compounds or unknowns 

 
MOLECULAR IMPRINTING POLYMER (MIP) 
Molecular imprinting is an emerging technology which enables us to synthesize the materials with highly 
specific receptor sites towards the target molecules. Molecularly imprinted polymers (MIPs) are a class of 
highly cross-linked polymer that can bind certain target compound with high specificity. The polymers 
are prepared in the presence of the target molecule itself as the template. In brief, the template interacts 
with functional monomers before being cross-linked by cross-linker in polymerization process. The 
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specific binding site complementary to the target analyte is generated upon the removal of the template 
from the solid polymers [31]. 
Essentially, two kinds of molecular imprinting strategies have been established based on covalent bonds 
or non-covalent interactions between the template and functional monomers (Figure 7). In both cases, 
the functional monomers, chosen so as to allow interactions with the functional groups of the imprinted 
molecule, are polymerized in the presence of the imprinted molecule. The special binding sites are formed 
by covalent or, more commonly, non-covalent interaction between the functional group of imprint 
template and the monomer, followed by a cross linked co-polymerization. Of the two strategies, the non-
covalent approach has been used more extensively due to the following reasons. Non-covalent protocol is 
easily conducted, avoiding the tedious synthesis of prepolymerization complex, Removal of the template 
is generally much easier, usually accomplished by continuous extraction & a greater variety of 
functionality can be introduced into the MIP binding site using non-covalent methods [31]. 
 

 
Figure 7.  Representation of covalent and non-covalent molecular imprinting procedures 

 
In principle, polymerization of a monomer occurs in the presence of the target molecule (template) which 
is incorporate in the polymer matrix. The process starts with dissolution of template, functional 
monomer, cross-linking agent and initiator in a porogenic solvent. Functional monomers are chosen to 
interact with the template molecule since the formation of a stable template-monomer complex is 
fundamental for the success of molecular recognition. Monomers are positioned spatially around the 
template and the position is fixed by copolymerization with cross-linking monomers. The polymer 
obtained is a macroporous matrix possessing microcavities with a three-dimensional structure 
complementary to that of the template. Thus, the removal of the template molecules from the polymer, by 
washing with solvent, leaves binding sites that are complementary in shape to the template. 
Consequently, the resultant polymer recognizes and binds selectively the template molecules. The 
binding sites show different characteristics, depending on the interactions established during the 
polymerization. Traditionally, molecular imprinting is classified according to the nature of the 
interactions between monomer and template during the polymerization as shown in Fig.  8 [32]. 

 
Figure 8. Scheme of molecular imprinting 

 
A general outline of the protocol used for the preparation of molecularly imprinted polymers (MIPs) is 
highlighted in Figure 9. Functional monomers arrange themselves around the template via non-covalent 
interactions and are "frozen" into position by polymerization with a high degree of cross-linking 
monomer to form 3-D, highly cross linked polymer materials. Subsequent removal of the template from 
the polymer materials by solvent extraction with a suitable solvent(s) or by cleavage with a suitable 
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chemical reaction leaves specific recognition sites within the MIP at molecular level. The induced sites 
have a memory of the template and are complementary in shape, size and functionality in the polymer 
network. Hence imprinted polymers will recognize the template during rebinding even in the presence of 
closely related analogues [33, 34]. 

 
Figure 9.  Imprinting process (a) Pre-assembly of functional monomer(s) guided by a template to form a 
firm or loose monomer-template abducts. (b) Polymerization in the presence of crosslinker, which 
subsequently ‘glues’ together the monomer template abducts resulting in a highly networked 
construction (Unwashed MIP materials). (c) Removing the template (Desorption/Extraction) then leaves 
the construction with a binding site selective to the original template (Washed MIP). (d) Recognition of 
identical molecules to the template during rebinding/adsorption experiment 
Template (Print molecule) 
In all imprinting processes the template is of central importance in that it directs the organization of the 
functional groups pendent to the functional monomers. For practical applications, the analyte of interest 
is generally used as the print molecule for preparing the imprinted polymer. The template should possess 
suitable functional groups for interaction with the ones on the functional monomer(s), to ensure stable 
complexation. 
The chemical structure of the template is used as the starting point for selecting functional monomer 
candidates especially if the non-covalent approach is followed. Although the choice of the template is 
almost, always the target analyte, where the molecule is very expensive to buy, not readily available, very 
toxic or not soluble, a structural analogue termed a dummy template can be employed to deal with these 
challenges. The dummy must resemble the print molecule in terms of shape, size and functionalities and 
should give rise to imprints that have the ability to bind the target analyte. The dummy approach is also 
used to avoid the risk of residual template leaking from the MIPs and causing false positives, particularly 
in MISPE applied to residual analysis [35, 36]. 
Functional monomers 
The functional monomer ultimately becomes responsible for the binding interactions in the imprinted 
binding sites. Ideally it should form a stable complex with the print molecule during the pre assembly 
stage of the polymerization process. Functional monomers are usually used in excess relative to the 
number of moles of template to favor the formation of template-functional monomer assemblies. 
Template-functional monomer ratios of ≥1:4 are common for non-covalent imprinting. It is very 
important to match the functionality of the template with that of the functional monomer(s) in a 
complementary fashion, (e.g. H bond donor with H-bond acceptor) in order to maximize complex 
formation which in turn enhances the imprinting effect [37]. 
When two or more functional monomers are used simultaneously in “cocktail” polymerization [38], it is 
critical to bear in mind the reactivity ratios of the monomers to ensure that copolymerization is feasible. 
Furthermore, it is important that the different multiple interactions exhibited by the functional 
monomers taking part in the polymerization are exploited simultaneously. In taking advantage, it should 
be ensured that the different monomers do not interact with one another stronger than with the 
template. Some of the functional monomers widely used for non-covalent imprinting are shown in Fig. 10. 
Methacrylic acid (MAA) is by far the most frequently used monomer due to its ability to participate in ion-
ion, ion-dipole, dipole-dipole and hydrogen bonding interactions [39]. 
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Figure 10. Selection of monomers used in the non-covalent approach. Acidic; aI: methacrylic acid(MAA); 
aII: p-vinylbenzoic acid; aIII: acrylic acid (AA); aIV: itaconic acid; aV: 2-(trifluoromethyl)-acrylic acid; aVI: 
acrylamido-(2-methyl)-propane sulfonic acid (AMPSA). Basic; bI: 4-vinylpyridine ; bII: 2-vinylpyridine (2-
VP); bIII: 4-(5)-vinylimidazole; bIV: 1-vinylimidazole; bV: allylamine; bVI: N,N-diethyl aminoethyl 
methacrylamide, bVII: N-(2-aminethyl)-methacrylamide; bVIII: N,N-diethyl-4-styrylamidine; bIX: N,N,N,-
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trimethyl aminoethylmethacrylate; bX: N vinylpyrrolidone; bXI: urocanic ethyl ester. Neutral; nI: 
acrylamide; nII: methacrylamide; nIII: 2-hydroxyethyl methacrylate nIV: trans-3-(3-pyridyl)-acrylic acid; 
nV: acrylonitrile (AN); nVI: methyl methacrylate (MMA); nVII: styrene; nVIII: ethylstyrene 
 

Cross-linking monomer (Crosslinker) 
In many cases high binding specificity is augmented by the rigid three-dimensional (3-D) structure of the 
polymer, which in turn is ensured by the high cross-link density. For this purpose, a relatively large 
volume of the cross-linking monomer is usually copolymerized with the functional monomer. Cross 
linking to functional monomer ratios of ≥1:4 are common [40] . In an imprinted polymer the cross-linker 
fulfils three major functions; (1) The cross-linker is important in controlling the morphology of the 
polymer matrix, whether it is gel-type, macroporous or a microgel powder. (2) It serves to stabilize the 
imprinted binding site. (3) It imparts mechanical stability to the polymer matrix. The cross linker can also 
play an important role in the porosity and the hydrophobicity of the MIP. Its solubility together with that 
of the monomer-template abduct in the prepolymerization solution reduces the number of possibilities. 
Nevertheless, several different cross linkers have been evaluated with different degrees of success. Most 
commonly ethylene glycol dimethacrylatel (EGDMA) has been employed in several systems [39] because 
of its availability and ability to cross link with a wide range of functional monomers with ease. Figure 11. 
shows some of the commonly used cross-linking monomers. Derivatives of divinylbenzene and acrylate 
cross-linkers are generally hydrophobic, while acrylamide ones are relatively hydrophilic. 

 
 

                Figure 11. Selection of cross-linkers used for molecular imprinting 
 

Porogens 
Besides their dual role as solvents and pore forming agents, they also help to homogenize the reaction 
components prior to polymerization. They must be judiciously chosen such that they maximize the 
likelihood of template-monomer abduct formation. Table 6. lists the imprinting solvents commonly used 
in the non-covalent approach, together with their dielectric constants and hydrogen bond scales [41, 42] . 
If solubility of template is satisfied, then solvents with lower dielectric constant, (i.e. apolar, non-protic 
solvents) are preferred for non covalent imprinting employing ionic interactions. When hydrogen bond 
interactions are utilized, solvents with lower hydrogen bond acidity or basicity generally result in a better 
imprinting effect. If hydrophobic interactions are being used to drive the complexation then water could 
well be used as the solvent of choice. Porogenic solvents play a role in determining the physical 
characteristics of the resulting polymer i.e. morphology, surface area and porosity [42-44]. 
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Table 6. Imprinting solvents commonly used in the non-covalent approach, together with their dielectric 
constants and hydrogen bond scales. 

Solvent Dielectric constant ε (20°C) Hydrogen-bond acidity 
 

Hydrogen-bond 
basicity 

Benzene 2.3 0.00 0.14 
Tolouene 2.4 0.00 0.14 
Chloroform 4.8 0.200 0.02 
Dichloromethane 9.1 0.13 0.05 
Acetonitrile 37.5 0.09 0.44 
Acetone 20.7 0.44 0.50 
Tetrahydrofuran 7.6 0.00 0.51 
Dimethylformamide 36.7 0.00 0.66 
1-propanol 20.1 0.33 0.45 
Methanol 32.6 0.37 0.41 
Water 78.5 0.35 0.38 
 
Application of MIP  
A novel approach for the optimization of imprinted solid-phase extraction was developed by Koohpaei et 
al [44]. The factors were evaluated statistically and also validated with spiked water samples and showed 
a good reproducibility over six consecutive days as well as six within-day experiments. Also, in order to 
the evaluate efficiency of the optimized molecularly imprinted solid-phase extraction protocols, 
enrichment capacity, reusability and cross-reactivity of cartridges have been also evaluated. Finally, 
selective molecularly imprinted solid-phase extraction of atrazine was successfully demonstrated with a 
recovery above 90% for spiked drinking water samples. It was concluded that the chemometrics is 
frequently employed for analytical method optimization and based on the obtained results, it is believed 
that the central composite design could prove beneficial for aiding the molecularly imprinted polymer 
and molecularly imprinted solid-phase extraction development. In order to define the optimum 
chromatographic conditions for the atrazine analysis, specific parameters were optimized including the 
mobile phase composition, the UV wavelength, the injection volume and the mobile phase flow rate. The 
atrazine chromatogram was detected at 226 nm (Fig.12). The results obtained from central status of the 
MISPE section are illustrated in Fig. 13. Also, the results of qualitative optimization of the MISPE are 
shown in Fig. 14. 

 
 
Figure. 12. The HPLC chromatogram of drinking water spiked of atrazine at the concentration of 1 μg/mL 
 

Hailemariam et al 



RJCES Vol 4 [1] February 2016                   24 | P a g e      © 2016 AELS, INDIA 

 
Figure 13. Mean recovery of atrazine in different status of elution, washing, conditioning and first 

vacuum time in washing step (n = 3) 
 

 
Figure 14. Mean recovery of atrazine in different composition of elution and washing solvent, (n=3) 

 

 
Figure 15. Representation of prometryn MIP-SPME coating preparation 
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A prometryn-imprinted SPME coating on the surface of silanized silica fibers (the fiber preparation is 
shown in Figure. 15) is prepared [45]. The prometryn-imprinted fiber showed high selectivity and 
sensitivity towards prometryn (imprinted molecule) and its analogues with similar structure such as 
atrazine, simetryn, terbutylazin, ametryn, propazine, and terbutryn. The extraction yields of prometryn-
imprinted fiber for the selected analytes were much higher than that of non-imprinted fiber, commercial 
PDMS, PDMS/DVB, and PA SPME fibers In addition, the fiber showed good thermal stability (up to 260OC) 
and long service lifetime (more than 100 times). The prometryn-imprinted fiber was then used for the 
highly selective extraction of prometryn and its structural analogues in soybean, lettuce, and corn (Figure. 
16). Subsequently, they prepared a tetracycline-imprinted fiber using similar method. The prepared fiber 
possessed homogeneous, highly cross linked, and porous structure which could provide sufficient 
extraction efficiency of MIP coating with thin thickness (19.5 μm) for trace tetetracyclines. Under the 
optimized experimental conditions, the tetracycline imprinted fiber was used for the selective extraction 
of tetracycline and other analogues in chicken feeds, milk, and chicken muscle. The detection limits of 
oxytetracycline, tetracycline, doxycycline, and chlortetracycline ranged from 1.02 to 2.31 μg/L, which 
were much lower than the maximum allowed limits of the European Union (EU) and the US Food and 
Drug Administration (FDA) for tetracyclines. 
 

 
Figure 16. Chromatograms of 0.500 mg/L triazines mixed standard solution, 0.500 μg/L triazines spiked 
microwave assisted extraction solutions of soybean, corn, lettuce, and soil samples and determination of 
triazines in spiked sample solutions with MIP- or NIP-coated fibers. (A) Triazines spiked microwave 
assisted extraction solutions of sample, (B) spiked sample solution extracted with NIP-coated fiber, (C) 
spiked sample solution extracted with MIP-coated fiber, (D) triazines mixed standard solution. (1) 
Simetryn, (2) atrazine, (3) ametryn, (4) terbutylazin, (5) propazine, (6) prometryn, and (7) terbutryn. 
Injection volume for A and D:10 μL 
 
Similarly Recovery and reproducibility studies of the clean-up procedure were evaluated by analyzing 
seven replicates of the nut and peanut butter samples spiked at concentrations 2 ng/mL (1 ng/mL for 
AFB1). A blank was run between the runs of the different samples to ensure that there were no 
fluctuations on the baseline. Recovery was calculated by comparison of the peak areas before and after 
the IAE, MIP or NIP clean up. High, comparable recoveries (≥ 97% for all aflatoxins) with percentage 
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relative standard deviations (%RSD) of less than 1% were calculated for samples that were subjected to 
the MIP and IAE clean up (Table7) [46 ].  
This indicated that the two sorbents have high affinity for all the four aflatoxins hence the prepared MIP 
could be classified as a class selective MIP for the four aflatoxins even though the synthesized MIP was 
imprinted with AFB1 only. Samples that were subjected to the NIP clean up recorded very low percentage 
recoveries (≤ 11% for all aflatoxins). The low % recoveries were due to the lack of selective sites for the 
analytes in the NIP structure as the synthesis of NIP does not include imprinting with a template hence no 
recognition sites are formed in NIP structures [46]. 
 
 Table 7.Average recovery (%) and % RSD (in parenthesis) data for aflatoxins B1, B2, G1 and G2 after the 
MIP, IAE and NIP clean up. 

Sorbent  AFB1 AFB2 AFG1 AFG2 

MIP 94.4(0.6) 97.1(0.3) 98.6(0.4) 99.8(0.3) 

IAE 98.0(0.2) 99.2(0.7) 101.5(0.2) 97.4(0.9) 

NIP 10.9(0.4) 11.0(0.5) 9.7(0.2) 10.2(0.8) 

 
CONCLUSIONS 
To conclude, it is understood that as the aforementioned sample preparation techniques are applied in 
different sample matrices. Hence  to spot on each technique as conclusion on this  review article; SFE is 
emerging as a valuable analytical technique  & used as an alternative to conventional SPE and liquid liquid 
extraction (LLE). Due to the increasing need for a simple, rapid, selective, quantitative, automated, 
environmentally friendly, and GC- or LC-compatible extraction method, it is particularly attracting most 
interest as has been demonstrated by its wide applications in the analyses of environmental samples, 
food, drugs, natural products, and polymers. As far as forensic science is concerned, the tunable solvation 
properties and environmental friendliness of CO2-SFE best satisfy the need for an advanced technique to 
extract, separate, and identify a wide variety of trace amounts of compounds in a wide range of sample 
matrices. 
While, Microwave extraction (MAE) is accelerated dissolution kinetics as a consequence of the rapid 
heating processes that occur when a microwave field is applied to a sample. It has gained acceptance as a 
mild and controllable processing tool. The main advantages of MAE are shorter extraction times (typically 
15 minutes), shorter cooling times (2 minutes) and less use of solvent (10 mL for MAE versus 250 mL for 
Soxhlet). The drastic reduction in extraction time results in a higher sample throughput without 
significant losses in analyte recovery. MAE is a viable candidate for performing extractions due to its 
applicability over a wide range of sample types because the selectivity can be easily manipulated by 
altering solvent polarities. 
What's more , MIPs has been reported as , Low cost, excellent stability and continuously advancing 
performance of MIPs make these polymers the most promising synthetic materials for molecular 
recognition in different scientific fields. It is confirmed that as MIP is an exciting and powerful technique 
compared with traditional detection materials for its selectivity, stability, robustness and low cost of 
preparation. Moreover, MIPs can be successfully used as selective sorbents to clean up and pre-
concentrate contaminants in different food samples matrices. Additionally, MIPs not only possess high 
selectivity and specificity for template molecules, but also exhibit promising physiochemical stability and 
applicability in harsh chemical media, such as organic solvents, extremes of pH and temperature. 
 
REFERENCES 
1. Dragana, M., Sandra, B., Alka, M. Trends in Analytical Chemistry, 2007, 26, 1-11. 
2. Ridgway, Lalljie, K.,  Smith, R.  Journal of Chromatography., 2007, 36,  1153- 11- 59. 
3. Abuin, S., Codony, R., Compano, R.   Journal of Chromatography,2006,73, 1114- 1121. 
4. Herero, M., Castro-Puyana, M., Ibanez, E.. Trends in Analytical Chemistry, 2013, 43, 67–83. 
5. Diaz-Maroto, M.,  Perez-Coello, M. Journal of Chromatography, 2002, 947, 23–29. 
6. Reverchon, E., de Marco, I.  J. Supercrit. Fluids,  2006, 38, 146–166. 
7. Staub, C. Forensic Sci Int,2005, 84, 295–304. 
8. Raynie, D. Anal Chem, 2003, 65, 3127–3138. 
9. Scott, K., Oliver, J. Forensic Clin Toxicol, 2001,2, 155–1667. 
10. Perrigo, B., Joynt, B. Can Soc Forens Sci, 2002,25,70–89. 
11. Staub, C.,  Edder,  P. CRC Press, 2001, 6, 122–49. 
12. Cross, R.  Ezzell, J.  Richter, B. J Chromatogr Sci, 2003,31,162–169. 
13. Lél, E., Béla, D., Tibor, V. Forensic Sciences, 2001,  47, 322–327 
14. Gilbert, J. Journal of Chromatography,2001,  540, 239- 248. 
15. Pucarević, V.,  Bursić,  Panković, M. ,  Nebojša, M. Journal of Animal & Plant Sciences, 2013, 23, 277- 280 

Hailemariam et al 



RJCES Vol 4 [1] February 2016                   27 | P a g e      © 2016 AELS, INDIA 

16. Afoakwah, A., Owusu, A.,  Adomako, B. Journal of bio-science & biotechnology, 2012, 1, 132-140  
17. Kingston H. M. and L.B. Jassie,1998, Introduction to Microwave Sample Preparation,  American Chemical Society, 

Washington, DC. 
18. Lew, A., Krutzik, P., Hart, M. Journal of Combinatorial Chemistry, 2002, 4, 95-105. 
19. Kothari, V.,  Seshadri, S. Nutrition and Food Science, 40, 403-408. 
20. Chen, L., Song, Y. Tian, L. Ding, A. Trends Anal. Chem, 2008, 27: 151-159. 
21. Luque-Garcia, J., Luque de Castro, M. Trends Anal. Chem. 2003,  22: 90- 99. 
22. Al-Harahsheh, M.  Kingman, S. Hydrometallurgy,2004,  73,189-193 
23. Raner, K., . Strauss, F. Org. Chem.,1993, 58: 950-995. 
24. Huie C.. Anal. Bioanal. Chem.  2002, 373, 23-30. 
25. Talebi, M.,  Ghassempour, Z., Talebpour, A.  J. Separation Sci. 2004, 27, 1130-1136. 
26. Priscilla, C., Julian, M. Mechanism of Microwave Extraction,2013, New York. 
27. Khajeh, M., Reza, A., Moghaddam, A.,  Sanchooli, E. Food Analytical Methods ,(2009)  
28. Singh B., Gregory, J. Agric. Food Chem. 2004, 52, 105-109. 
29. Valeèrie, C. Trends in analytical chemistry,200, 4,229- 246. 
30. Majors, R.  Journal of AOAC International ,2012, 12, 1024-1031. 
31. Soumya, V. Palaniya, P. Hari, P. Der Pharmacia Lettre, 2010, 2, 479-485 
32. Giuseppe, V., Roberta, D., Lucia, M., Maria, R. Int. J. Mol. Sci. 2011, 12, 5908-5945 
33. Wang, Z., G. Wang,  J. Mater. Sci. 2009, 44,2684-2695. 
34. Martin, P., Wilson, I. Jones, G.  J Chromatogr,2000, 143, 889-998. 
35. Cacho, C. Turiel, E. Martin-Esteban, Perez-Conde, Bioanal. Chem. 2003,21, 376- 387. 
36. Theodoridis, G., Manesiotis, A.  Raikos, H. J Chromatogr. 2003, 103- 112 
37. K. Sreenivasan, J Mater Sci,2007, 42, 7575- 7588. 
38. L. Ye, Artificial Receptors: New opportunities for the exploitation of molecularly imprinted polymers. Doctoral 

Thesis, University of Lund, 1999. 
39. Mullett, W. Investigation of selective binding interactions for analytical separations and determination of 

pharmaceuticals and toxins. Doctoral Thesis, Dept. of Chemistry, Ottawa, Ontario, Canada,2000. 
40. Ramström, O., Andersson, L., Mosbach, K. J. Org. Chem. 200, 58 ,7562-7571. 
41. Abraham, M. Grellier, Prior, P. Duce, D, J. Chem. 2001,2,2,699-711. 
42. Grellier, P.,  Morris, P., Taylor, J. J. Chem. 2004,2, 521-529. 
43. Abraham, M.Chem.Soc.Rev., 2002, 73- 81. 
44. Koohpaei, A., Shahtaheri, S., Ganjali, M. J. Environ. Health. Sci. Eng., 2008,4,283-296. 
45. Jingbin, Z., Jinmei, C., Wenfeng, C., Xiaoli, H. Food Sci. Biotechnol. 2009,3,  579 -585.  
46. Bareki,  S. A thesis submitted to Rhodes University in fulfillment of the requirements for the degree of Doctor of 

Philosophy, 2011. 

 
 

CITE THIS ARTICLE  
Tesfaye H, Tariku B, Tsegu L, Alle M. Current Trends and Recent Development in Sample Preparation Techniques for 
Environmental Matrices: A Critical Overview. Res. J. Chem. Env. Sci. Vol 4 [1] February 2016. 11-27 

 

 
 

 

Hailemariam et al 


