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Abstract:

This review article provides an in-depth exploration of modern extraction techniques employed in analytical
processes, highlighting their principles, applications, and advancements. Extraction methods play a crucial
role in obtaining high-quality samples for analytical purposes, and recent developments in this field have
significantly enhanced efficiency and sensitivity. The focus is placed on four prominent extraction techniques:
Supercritical Fluid Extraction (SFE), Solid-Phase Extraction (SPE), Solid Phase Microextraction (SPME),
and Microwave-Assisted Extraction (MAE), with a special emphasis on the widely accepted QuUEChERS
method for pesticide residue detection.

1. Introduction:

Extraction techniques have evolved significantly, becoming integral to various analytical processes across
diverse scientific disciplines. This comprehensive review explores four prominent extraction methods:
Supercritical Fluid Extraction (SFE), Solid-Phase Extraction (SPE), Solid Phase Microextraction (SPME),
and Microwave-Assisted Extraction (MAE). Additionally, the QUEChERS method for detecting pesticide
residues in food is highlighted. Each technique presents distinct advantages and applications, revolutionizing
the sample preparation landscape.

II. Literature Survey:

This literature survey highlights the recent advances in modern extraction techniques, showcasing their
applications and contributions to analytical chemistry. The continual refinement and innovation in extraction
methodologies not only improve analytical sensitivity and selectivity but also address environmental and
sustainability concerns. These advancements collectively contribute to the evolution of analytical chemistry,
enabling researchers to meet the challenges posed by complex sample matrices in various fields.

ITI. Extraction techniques:

1. Supercritical fluid extraction (SFE) is the process of separating one component (the extractant) from
another (the matrix) using supercritical fluids as the extracting solvent. Extraction is usually from a solid
matrix, but can also be from liquids. SFE can be used as a sample preparation step for analytical purposes, or
on a larger scale to either strip unwanted material from a product (e.g. decaffeination) or collect a desired
product (e.g. essential oils). These essential oils can include limonene and other straight solvents. Carbon
dioxide (CO2) is the most used supercritical fluid, sometimes modified by co-solvents such as ethanol or
methanol. Extraction conditions for supercritical carbon dioxide are above the critical temperature of 31 °C
and critical pressure of 74 bars. Addition of modifiers may slightly alter this.

The system must contain a pump for the CO2, a pressure cell to contain the sample, a means of maintaining
pressure in the system and a collecting vessel. The liquid is pumped to a heating zone, where it is heated to
supercritical conditions. It then passes into the extraction vessel, where it rapidly diffuses into the solid matrix
and dissolves the material to be extracted. The dissolved material is swept from the extraction cell into a
separator at lower pressure, and the extracted material settles out. The CO2 can then be cooled, re-compressed
and recycled, or discharged to atmosphere.
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Pumps

Carbon dioxide (CO2) is usually pumped as a liquid, usually below 5 °C (41 °F) and a pressure of about 50
bar. The solvent is pumped as a liquid as it is then almost incompressible; if it were pumped as a supercritical
fluid, much of the pump stroke would be “used up” in compressing the fluid, rather than pumping it. For small
scale extractions (up to a few grams / minute), reciprocating CO2 pumps or syringe pumps are often used. For
larger scale extractions, diaphragm pumps are most common. The pump heads will usually require cooling,
and the CO2 will also be cooled before entering the pump.

Pressure vessels

Pressure vessels can range from simple tubing to more sophisticated purpose-built vessels with quick release
fittings. The pressure requirement is at least 74 bars, and most extractions are conducted at under 350 bars.
However, sometimes higher pressures will be needed, such as extraction of vegetable oils, where pressures of
800 bar are sometimes required for complete miscibility of the two phases.

The vessel must be equipped with a means of heating. It can be placed inside an oven for small vessels, or an
oil or electrically heated jacket for larger vessels. Care must be taken if rubber seals are used on the vessel, as
the supercritical carbon dioxide may dissolve in the rubber, causing swelling, and the rubber will rupture on
depressurization.

Pressure maintenance

The pressure in the system must be maintained from the pump right through the pressure vessel. In smaller
systems (up to about 10 mL / min) a simple restrictor can be used. This can be either a capillary tube cut to
length, or a needle valve which can be adjusted to maintain pressure at different flow rates. In larger systems
a back pressure regulator will be used, which maintains pressure upstream of the regulator by means of a
spring, compressed air, or electronically driven valve. Whichever is used, heating must be supplied, as the
adiabatic expansion of the CO2 results in significant cooling. This is problematic if water or other extracted
material is present in the sample, as this may freeze in the restrictor or valve and cause blockages.

Collection

The supercritical solvent is passed into a vessel at lower pressure than the extraction vessel. The density, and
hence dissolving power, of supercritical fluids varies sharply with pressure, and hence the solubility in the
lower density CO2 is much lower, and the material precipitates for collection. It is possible to fractionate the
dissolved material using a series of vessels at reducing pressure. The CO2 can be recycled or depressurized to
atmospheric pressure and vented. For analytical SFE, the pressure is usually dropped to atmospheric, and the
now gaseous carbon dioxide bubbled through a solvent to trap the precipitated components.

Heating and cooling

This is an important aspect. The fluid is cooled before pumping to maintain liquid conditions, then heated
after pressurization. As the fluid is expanded into the separator, heat must be provided to prevent excessive
cooling. For small scale extractions, such as for analytical purposes, it is usually sufficient to pre-heat the fluid
in a length of tubing inside the oven containing the extraction cell. The restrictor can be electrically heated, or
even heated with a hairdryer. For larger systems, the energy required during each stage of the process can be
calculated using the thermodynamic properties of the supercritical fluid.
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2. Solid-phase extraction (SPE) is a solid-liquid extractive technique, by which compounds that are dissolved
or suspended in a liquid mixture are separated, isolated or purified, from other compounds in this mixture,
according to their physical and chemical properties. Analytical laboratories use solid phase extraction to
concentrate and purify samples for analysis. Solid phase extraction can be used to isolate analytes of interest
from a wide variety of matrices, including urine, blood, water, beverages, soil, and animal tissue.

SPE uses the affinity of solutes, dissolved or suspended in a liquid (known as the mobile phase), to a solid
packing inside a small column, through which the sample is passed (known as the stationary phase), to separate
a mixture into desired and undesired components. The result is that either the desired analytes of interest or
undesired impurities in the sample are retained on the stationary phase. The portion that passes through the
stationary phase is collected or discarded, depending on whether it contains the desired analytes or undesired
impurities. If the portion retained on the stationary phase includes the desired analytes, they can then be
removed from the stationary phase for collection in an additional step, in which the stationary phase is rinsed
with an appropriate eluent.

It Is possible to have an incomplete recovery of the analytes by SPE caused by incomplete extraction or
elution. In the case of an incomplete extraction, the analytes do not have enough affinity for the stationary
phase and part of them will remain in the permeate. In an incomplete elution, part of the analytes remains in
the sorbent because the eluent used does not have a strong enough affinity.

Many of the adsorbents/materials are the same as in chromatographic methods, but SPE is distinctive, with
aims separate from chromatography, and so has a unique niche in modern chemical science.
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3. Solid phase microextraction (SPME) is an innovative and sensitive solvent-free sample preparation
technology. Based on the principle of adsorption/absorption and desorption, SPME uses a coated fiber to
concentrate volatile and semi-volatile compounds from a sample

SPME uses a fiber coated with an extraction phase: a liquid (polymer), a solid (sorbent), or a combination of
both. The coated fiber is housed in a protective needle and attached to a holder that looks like a syringe.

When the fiber is exposed to a sample, the sample’s analytes partition from the sample matrix into the
stationary phase until an equilibrium is established. The fiber’s coating extracts compounds from the sample
either by absorption (liquid coatings) or adsorption (solid coatings). After a prescribed extraction time, the
fiber is removed and inserted directly into a chromatographic instrument, usually gas chromatography (GC)
or HPLC, for desorption and analysis. The desorption in GC of analytes is carried out thermally, whereas
HPLC uses a solvent for desorption into a liquid-phase.

Conventional SPME is used to extract and concentrate analytes for the purpose of GC analysis. Extraction is
carried out either by direct immersion (DI-SPME), where the fiber is directly immersed in the liquid sample,
or headspace SPME (HS-SPME), where the fiber is exposed in the vapor phase above a sample.
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4. Microwave-assisted extraction is an efficient method which involves deriving natural compounds from
raw plants. Microwave extraction allows organic compounds to be extracted more rapidly, with similar or
better yield as compared to conventional extraction methods.

Microwaves are electromagnetic radiations with a frequency from 0.3 to 300 GHz. Microwave-assisted
extraction (MAE) is an extractive method based on the utilization of microwave energy. Microwave-assisted
extraction offers a rapid delivery of energy to a total volume of solvent and solid plant matrix with subsequent
heating of the solvent and solid matrix, efficiently and homogeneously. Components of the sample absorb
microwave energy In accordance to their dielectric constants.

PROCEDURE - When plant material is immersed inside a microwave transparent solvent, the heat of
microwave radiation directly reaches to the solid without being absorbed by the solvent, resulting in
instantaneous heating of the residual moisture in the solid. Heating causes the moisture to evaporate and
creates a high vapour pressure that breaks the cell wall of substrate and releases the content into solvent.The
extracting selectivity and the ability of the solvent to interact with microwaves can be modulated by using
mixtures of solvents. One of the most commonly used mixtures is hexane-acetone.
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5. QUEChERS is a solid phase extraction method for detection of pesticide residues in food. The name is a
portmanteau word formed from “quick, easy, cheap, effective, rugged, and safe”.
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The sample (fruits, vegetables, tobacco, etc.) is homogenized and centrifuged with a reagent and agitated for
I minute. The reagents used depend on the type of sample to be analyzed. Following this, the sample is put
through a dispersive solid phase extraction cleanup prior to analysis by gas-liquid chromatography or liquid-
liquid chromatography.

Samples prepared using the QUEChERS method can be processed more quickly using a homogenization
instrument. [citation needed] Such instruments can homogenize the food sample in a centrifuge tube, then
agitate the sample with the reagent of choice, before moving the extracted sample for centrifuging. By using
such an instrument, the samples can be moved through the QUEChERS method more quickly.

Some modifications to the original QUEChERS method had to be introduced to ensure efficient extraction of
pH-dependent compounds (e.g., phenoxyalkanoic acids), to minimize degradation of susceptible me
compounds (e.g., base and acid labile pesticides) and to expand the spectrum of matrices covered. The
QuEChERS method has been readily accepted by many pesticide residue analysts.
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IV. Conclusion:

This comprehensive review provides a detailed understanding of the principles, processes, and applications of
modern extraction techniques, showcasing their contributions to analytical science. The versatility and
efficiency of these methods make them indispensable tools for researchers and analysts across various fields.
Future developments in extraction techniques are anticipated to further enhance sensitivity, speed, and
environmental sustainability in analytical processes.
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