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Abstract
Many fruits and cereals contain essential oils which are attaining importance in food, drug, and cosmetic
industries owing to their desirability, and nutraceutical properties. Soxhlet extraction is the method used for
isolation of oil from plant material. Usually, plant materials are subjected to mechanical shear using expellers
to release the volatiles in virgin state. A new method of extraction has been solvent extraction involving use
of polar solvents. The disadvantage with the process is the use of hazardous, and flammable liquid organic
solvents, potentially toxic emission during extraction, non-selective extraction, and time consuming. In order
to obtain a good yield from extraction as well as to prevent the uses of volatiles, correct alternative of solvent
is very important. Novel extraction methods like ultra sound extraction, microwave assisted extraction, and
supercritical fluid extraction has been successfully employed for extraction of oils with higher yield, and
better physiochemical, and functional properties. This article reviews the recent work on extraction using
novel methods like ultra sound extraction, microwave assisted extraction, and supercritical fluid extraction.
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Introduction
Oil is extracted from a number of fruits, nuts and
seeds for use in cooking and soap making (Potts
and Michell, 1993) or as an ingredient in other foods
such as baked or fried goods. Oil is a valuable
product with universal demand, and the possible
income from oil extraction is therefore often enough
to justify the relatively high cost of setting up and
running a small scale oil milling business. World
production of oils and fats currently about 117 million
tonnes per annum comes from vegetable and animal
sources. Oil world production recognise
17 commodity oils, of which four are of animal origin,
the remainder are from vegetable source. Of
the total production of oils and fats, about 80% is
used for food purposes, 6% is used in animal
feed and the remaining 14% provides the basis
of the oleochemical industry (Gunstone and
Hamilton, 2001).

Traditionally plant materials were subjected to
mechanical shear to release the volatiles in virgin
state.  Oil extraction was done mechanically with
an oil press, expeller, or even with a wooden mortar
and pestle—a traditional method that originated in
India. Several types of small-scale extractors are
commercially available, both imported from other
countries and manufactured in the U.S. Oil extraction
presses have a number of different designs, which
can be grouped into screw or hydraulic operation.
Both types can be manual or motor driven. Screw
types are more reliable than hydraulic types but are
slower and produce less pressure. Motorised presses
are faster than manual or animal types but are more
expensive. Hydro-distillation, steam distillation, steam
and water distillation, soxhlet extraction are also
some of the conventional methods used for
extraction of essential oil. Hydro-distillation was the
method used in primitive countries. Although the
method was simple but suffered from several
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disadvantages. The risk involved with this process
was that the still can run dry or be overheated, burning
the aromatics and resulting in an essential oil with a
burnt smell. In order to overcome the drawback
microwave assisted hydro-distillation was used to
enhance the quality of the extract and also to reduce
the operation cost (Cox, 1988). Soxhlet extraction
is the method used for isolation of oil from plant
material. In order to obtain a good yield from
extraction as well as to prevent the uses of volatiles,
correct choice of solvent is very important. The
disadvantage related to this technique is use of
hazardous and flammable liquid organic solvents,
potential toxic emission during extraction, non-
selective extraction, time consuming process (Naude
et al., 1998). Various types of essential oil are also
extracted using steam distillation as it is cheaper,
does not require any solvent and is also safer than
other methods (Govender, 2010; Agarwal et al.,
2012; Prasad et al., 2012). However the initial cost
of equipment in steam distillation is higher and also
more care has to be taken during the process. The
development of new extraction techniques for the
food industries has received a lot of attention due to
the environmental restrictions, the need for
minimizing the energy costs, and human health
regulations (Coelho et al., 1996). The new extraction
techniques have shortened the extraction time,
reduced the solvent consumption, and results in
special care for thermolabile constituents. Novel
extraction methods used nowadays include
microwave assisted extraction, supercritical fluid
extraction, ultrasound assisted extraction and
pressurized solvent extraction (Sukhdev et al., 2008;
Vivekananda et al., 2007).

Ultrasound assisted extraction
Ultrasound is an emerging technology that has been
utilized in food science for processing, preservation
and extraction. Ultrasound imparts positive effects
in food processing in terms of productivity, yield and
selectivity with better processing time, food
preservation, assistance of thermal treatments and
is environmentally friendly (Knorr et al., 2011;
Chemat et al., 2004). Ultrasound offers advantages
over traditional analytical techniques because
measurements are rapid, precise, fully automated,
can facilitate the extraction process of a variety of

food components from plant and animal source
(Zbigniew et al., 2007; VIlkhu et al., 2008).

Ultrasound is a form of energy generated by sound
waves of frequency range that encompasses from
20 KHz (that exceeds the hearing limit of human)
to GHz with division between power Ultrasound (20-
100 KHZ) within which cavitation is a predominant
force, and diagnostic ultrasound (5 MHz-GHz)
(Luque et al., 2007). Ultrasound assisted extraction
is an emerging potential technology that has been
successively used in extraction field. Ultrasound
waves alter the physical and chemical properties of
the subjected plant material and due to cavitation
results in the release of extractable compounds. The
collapse of cavitation bubble creates a transitory hot
spot generating extreme temperature (5000 K) and
pressure (1000 atm), which can accelerate
dramatically the chemical reactivity into the medium
(Flint and Suslick, 1991; McNamara et al., 1999).
Fig. 1 shows the chemical effect generated by
cavitation. The extend of cavitation can be
determined by energy and intensity along with the
medium viscosity, surface tension, vapour pressure,
presence of solid particle and temperature and
pressure of treatment (Patist and Bates, 2008).

Two types of ultrasound equipment are generally
used in laboratory. First one is the ultrasound
cleaning bath used for solid dispersion into solvent,
where the sizes of the solid particles are reduced
which enhances its solubility. The ultrasound baths
are less used for chemical reaction. The second one
is the ultrasonic probe or horn system. This is more
powerful because the ultrasonic intensity is delivered
on small surface compared to the ultrasonic bath. A
liquid medium and a source of high energy vibration
are the two main requirements. The vibrational
energy source is called a transducer which transfers
the vibration to probe which is in direct contact with
the processing medium (Patist and Bates, 2007).

High intensity ultrasound is used as an inexpensive
alternate method for extraction of a variety of food
components (e.g oil, protein) and bioactive ingredients
(e.g antioxidants) from plant and animal source.
Ultrasound assisted extraction shows no significant
changes in the functional and structural properties
of most bioactives and is thus more favourable for
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thermally unstable compound (Wu et al., 2001; Soria
and Villamiel, 2010). Ultrasound assisted extraction
has been recognised to improve efficiency and
reduce extraction time of edible oil (Babaei et al.,
2006). In some cases, the efficiency of extraction
increased at low temperature, thus producing a
power product in a shorter time (Mason et al., 1996).
Ultrasound assisted extraction resulted in 2 fold
increase in the extraction of carvone and liminene
from caraway seeds (Chemat et al., 2004).
Ultrasound in combination with supercritical carbon
di oxide significantly improved the extraction rate
of amaranth oil from seeds (Brumi et al., 2002),
Almond oil (Riera et al., 2004), Gingeroles from
ginger (Balachandran et al., 2006).

The effect of different solvents and ultrasound
extraction was investigated in carnosic acid from
rosemary. It was seen that ultrasound improved the
relative performance of ethanol as compared to other
solvents like butanone and ethyl acetate alone. Thus
it is possible to enhance the aqueous extraction
where organic solvents can be replaced by generally
recognised as safe (GRAS) solvents (VIlkhu et al.,
2008; Albu et al., 2004). Flaxseed has been proved
to give great recovery results under ultrasound
assisted extraction as compared to conventional
extraction (Zhang et al., 2008). The application of
ultrasound increased the yields of flavonols as
compared to traditional extraction process at same
conditions. Higher yield with reduced extraction time

Table 1: Performance of ultrasound assisted extraction on various food components

Product Ultrasound Process Solvent Performance Author

Carnosic acid Batch, 40 kHz Butanone and Reduction in extraction time Albu et al., 2004
from rosemary ethyl acetate

Polyphenols, Batch, 40 kHz Water Increased yield at 65C, Xia et al., 2006
amino acid and compared with 85C
caffeine from
green tea

Oil from seeds Batch, 40 kHz Hexane Relatively high yield at Ivana et al., 2007
of semi oriental 25 C in 20 min
tobacco

Ginger Batch, 20 kHz Supercritical 30% increased yield or Balachandran et
carbon dioxide extraction time reduction al., 2006

Almond oil Batch, 40 kHz Hexane Increased oil recovery and Zhang et al., 2009
reduction in extraction time

Pomegranate Batch, 20 kHz Hexane Extraction yield obtained Goula et al., 2013
oil was 60%, solvent amount

reduction and extraction
time reduction

Tomato seed Batch, 28-34 kHz Hexane Extraction time reduction, Kamazani et al.,
oil 60 min at 60C 2014

Papaya oil Batch, 40 kHz Hexane Shorter extraction time Samavam et al.,
(30 min) and maximum 2014
yield and stability
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was observed in almond and apricot seeds which
were pre-treated with ultrasonic before aqueous oil
extraction and aqueous enzymatic oil extraction
(Shah et al., 2006). Table 1 shows the effect and
performance of ultrasound assisted extraction on
various food components.

Apart from the benefit modification in food quality
parameters, ultrasound also results in quality
impairment of some products by the appearance of
off flavours, modification in physical parameters and
degradation of major and minor compounds.
Acoustic cavitation is capable of producing radicals
in the liquid medium and molecules such as OH and
H radicals which accumulate on the surface of the
cavitation bubble, which can be responsible for
initiating formation of degradation products that can
trigger radical chain reaction and provoke substantial
quality defects in those products (Czechowska et
al., 1983). The effect of ultrasound treatment was
studied on processing of sunflower, olive and
soybean oils and significant negative changes were
found in their composition due to oxidation produced
during treatment (Cheong et al., 2004). OH radicals
formed in extraction process can be quenched by
the addition of ascorbic acid and ethanol
(Ashokkumar et al., 2008).

Supercritical fluid extraction
The unique properties of supercritical fluid have
prompted their use for a variety of application in
analytical disciplines (Jerry, 1989). It can be used
as one of the method for extraction of oil from
oilseeds as it has attracted considerable attention in
recent years as a promising alternate to conventional
extraction methods (Taylor et al., 1993; Norulaini
et al., 2009). Supercritical fluid extraction is used
on a commercial scale for the extraction of essential
oil, pharmaceutical products and in textile industries
(Abbas et al., 2008; Knez et al., 2014). The
supercritical fluid extraction is a separation process
that makes use of supercritical fluid as the solvent.
A supercritical fluid is the substance at a pressure
and temperature above its critical point. It can diffuse
through solids like a gas and dissolve material like a
liquid (Sapkale et al., 2010). Carbon di oxide is the
most promising solvent used in the supercritical fluid
extraction due to its critical temperature and
pressure being 31 oC and 73.8 bar respectively, as
well as compatibility with solutes, lack of toxicity,
non-flammable, odourless and are available at a
reasonable rate (Sihvonen et al., 1999; King and
France, 1992). Carbon di oxide can be used for the
separation of many compounds having different
polarity and molecular compound. In supercritical
fluid, the density, diffusivity, viscosity and dielectric
constant of a given fluid can be controlled by
changing the pressure or temperature without
crossing the phase boundary (Bravi et al., 2007).
However carbon dioxide is not considered as a good
solvent for high molecular weight and polar
compounds. Hence, the salvation characteristics of
supercritical carbon dioxide can be modified by the
addition of an entertainer such as ethanol, methanol.
These entertainers interact with the solute and
significantly increase the solubility (Brunner, 2005).

Based on specific requirements, the design of a
supercritical fluid extraction system can be simple
or complex. Supercritical fluid extraction can be
performed in both pilot and industrial scale. Samples
are charged in the extraction cell and the chamber
is equipped with temperature controllers and
pressure vessels at both ends to keep desired
extraction conditions. The fluid is pressurized in the

Figure 1: Chemical effects generated by cavitation
phenomena.
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extraction tank with the help of pumps, which are
also needed for the circulation of the fluid in the
system. If carbon di oxide is used as a solvent, then
entertainers are used to increase the solubility. From
the cell, the fluid and the solubilized components are
transferred to the separator where the solvation power
of the fluid is decreased by increasing the temperature
or by decreasing the pressure of the system. The
product is then collected via a valve which is located
in the lower part of the separator (Perrigo and Jyont,
1992; Brunner, 2005; Bravi et al., 2007).

Supercritical fluids are used for the extraction of
valuable products as many natural compounds such
as vitamins, aromas, natural pigments or essential
oils are good soluble in supercritical fluids (Gupta
and Shin, 2006; Skerget and Knez, 1997). Compared
to conventional methods where the valuable products
has to be thoroughly cleaned to remove the residual
solvent, supercritical fluid extraction process results
in complete removal of solvent from products by
depressurization with better stability of compounds
due to lower process temperature (Marr and Gamse,
2000; Capuzzo et al., 2013). Faster extraction and
higher yields have been obtained from the extraction
of the essential oil of Verbena officinalis using
Supercritical fluid extraction as an extraction process

(Safaralie et al., 2008). Supercritical fluid extraction
has been compared to conventional technique and
has shown to be more effective for the extraction
of antimicrobial compounds (Liu et al., 2009;
Michelin et al., 2009). Residual oil was successfully
separated from the palm kernel cake matrix using
supercritical carbon di oxide (Rahman et al., 2012).
Supercritical carbon di oxide has been used for the
extraction of grape seed oil (Lao and Ito, 2003),
pumpkin seed oil (Yu et al., 2005), corn oil (Lopes
and Gil, 2005), Canola seed oil (Razori and Temelli,
2001), wheat germ oil (Shaoa et al., 2008). Table 2
shows the application of supercritical fluid assisted
extraction in different food products.

Supercritical fluid has been proved to be effective
in the separation of essential oil producing high
quality oil with more satisfactory composition (Ehlers
et al., 2001; Ozer et al., 1996). Supercritical fluid
extraction is performed at low temperature, hence
is ideal technique for thermally labile compounds
(Dron et al., 1997). In supercritical fluids, the
solvents strength can be varied by change in the
pressure and to a lesser extent in the temperature.
Supercritical fluids are inert; non-toxic can be readily
disposed off after extraction (Sapkale et al., 2010)

Table 2: Application of supercritical fluid extraction in food products

Product Analyte Pressure Temperature Reference
(MPa) (C)

Dried orange peel Essential oil 10.0- 28.0 40-50 Blasco et al., 1999
Aromatic Plants Essential oil 20.0 40 Blasco et al., 1999
Eucalyptus leaves Oil with high antioxidant activity 20.0 50 Fadel et al., 1999

Hops Humulone, lupulone and 20.0 40 Langezaal et al., 1990
essential oil

Cassia tora L seeds Volatile oil 250 bar 45 Zhang, 2007
Chamomile Essential oil 250 bar 40 Kotnik et al., 2007
Black cumin Essential oil 400 bar 40 Alhaj et al., 2008
Ginger Essential oil 200 bar 80 Zhannan et al., 2009
Coriander Volatile oil 90 bar 40 Grosso et  al., 2008
Silkworm pupae Oil 200-300 bar 34- 45 Wei, 2009
Hyssop Essential oil 90 bar 40 Langa, 2009
Fish by products Fish oil 250 bar 40 Nuria et al., 2012
Palm kernel oil Residual oil 413.6 bar 70 Nik et al., 2012
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Microwave assisted extraction
Microwaves are electromagnetic fields in the
frequency range of 300 MHz to 300 GHz. Two
perpendicular oscillating fields are used to make
these are electrical fields and magnetic fields. In
late 1970’s microwave energy was used in analytical
laboratories as a heating source (Samra et al.,
1975). The main reason for increased interest in
microwave assisted extraction lies in its fast heating
which results in much shorter operation time; the
application in food is performed at frequencies of
915 MHz at industrial scale and 2450 MHz in
domestic ovens (Routray et al., 2012).

The microwave assisted extraction process is a high
speed method used to selectively extract target
compounds from various raw materials. Microwave
assisted extraction has been considered as an
important alternative in extraction technique because
it reduces the extraction time and solvents,
selectivity, volumetric heating and controllable
heating process, minimizes environmental impact by
emitting less CO2 in atmosphere (Farhet et al., 2009).
The isolation of herbal essential oil using microwave
assisted extraction is an interesting alternative as it
provides more effectiveness than other conventional
extraction processes (Bousbia et al., 2009).

Table 3: Dielectric constants and dipole moment values of commonly used solvents

Solvent Dielectric Constant (20 0C) Dipole Moment (25 0C) (Debye)

Hexane 1.89 <0.1
Toluene 2.4 0.36
Dichloromethane 8.9 1.14
Acetone 20.7 2.69
Ethanol 24.3 1.69
Methanol 32.6 2.87
Water 78.5 1.87

In microwave assisted extraction of analyte from
the matrix is governed by the factors like solubility
of the analyte in the solvent, the mass transfer
kinetics of the analyte from the matrix to the solution
phase, the strength of analyte interaction. The rate
of diffusion increases due to higher temperature and
swelling of the matrix and promote faster extraction
kinetics (Poole et al., 1996). The solvent used in
microwave assisted extraction depends on the
solubility of the target analyte, interaction between
the solvent and plant matrix and by the microwave

absorbing properties of the solvent. The extraction
time of 15-20 minutes is considered to be sufficient
but excellent recovery has been demonstrated at
even 40 seconds. Solvents like water, ethanol and
methanol may heat up tremendously on longer
exposure thus risking the future of thermolabile
constituents (Marie et al., 2004).

Two types of microwave assisted extraction system
are commercially available: closed vessel system and
open cells. Closed vessel systems are generally used

Table 4: Extraction conditions of different botanical species using microwave assisted extraction

Botanical species Sample size Extraction conditions Reference

Xylopia aromatic (Lamarck) 100g 2000 ml water, 800 W, 30 min Stashenko et al., 2004
Coriandrum sativum L 100g 1000 ml water, 500 W, 60 min Kosar et al., 2005
Anethum graveolens L 100 g 1000 ml water, 500 W, 60 min Kosar et al., 2005
Lavandula angustifolia Mill. 80g 1500 ml water, 500 W, 20 min Iriti et al., 2006
Zataria multiflora Boiss 60 g 1200 ml water, 990 W, 120 min Golmakani et al., 2008
Satureja hortensis 30 g 600 ml water, 660 W, 180 min Rezvanpanah et al., 2008
Satureja montana 60g 1200 ml water, 660 W, 90 min Rezvanpanah et al., 2008
Eryngium foetidum L 300g 100 ml water, 900 W, 27 min Thi et al., 2008
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for extraction under drastic conditions, since the
solvents may be heated to about 100 C above their
atmospheric boiling point (Barnabas et al., 1995;
Jassie et al., 1997. The maximum power delivered
in closed vessel system is about 600-1000 W (Pare
1990, 1991; Young, 1995). Filtration is necessary to
remove the solid residue. In open cells, maximum
temperature is determined by the boiling point of
the solvent used (Renoe, 1994; Letellier et al., 1999).
In open cells, larger samples can be extracted and it
offers more safety in sample handling as compared
to closed systems. In order to avoid filteration step,
the sample to be extracted is placed into soxhlet
type cellulose cartridge. Collin et al. (1991)
compared Microwave assisted extraction with
classical hydrodistillation for extraction of essential
oils from 10 different species. The yields were
generally similar but the chromatographic profiles
varied dramatically. Volatile compounds of Vitex
pseudo-negundo samples were extracted by steam
hydrodistillation and microwave assisted
hydrodistillation. Extraction yield were achieved at
significantly shorter extraction time when using
microwave instead of conventional hydrodistillation
(Farjam et al., 2014).  Microwave assisted
extraction was performed to obtain essential oil from
two different herbs (basil and epazote). Significant
reduction in time, solvent and no change in the yield
of essential oil was shown with respect to steam

distillation (Gabriel et al., 2013). Saoud et al. (2005)
carried out investigation of microwave extraction
of eucalyptus essential oil using ethanol as solvent.
Microwave exposure time of 3 minutes was enough
for microwave extraction process. Extraction of
essential oil using microwave assisted extraction has
been summarised in Table 5.

The importance of microwave assisted extraction
lies in the performance of heating source. The high
temperature reached by microwave heating reduces
dramatically the extraction time as well as the
volume of solvent required (Kaufmann and Christen,
2002). Extraction time is shorter (15-30 minutes).
Temperature and pressure sensors provide exact
reaction control. Microwave assisted extraction is
a novel extraction method for the extraction of
nutraceuticals. This is the simple and rapid method
and thus suitable for thermolabile constituents (Wang
and Weller, 2006). However an additional step of
filtration or centrifugation is necessary to remove
the solid residue. The efficiency of microwave
reduces when the target compound or the solvent
used are non-polar or if they are volatile.

Conclusions
Novel extraction methods in the food industry were
reviewed in this article. Ultrasound assisted
extraction, microwave assisted extraction and

Table 5: Extraction of essential oil using microwave extraction technique

Essential oil Type of Equipment Benefits Reference

Cuminum cyminum/ Microwave oven with  stirrer, Rapid and energy Want and Weller, 2006
Zanthoxylum with a microwzve absorption efficient method
bungeanum medium
Eletaria Focused microwave oven No solvent/reduces Lucchesi et al., 2007
cardamomum extraction time
Lavandula Microwave accelerated steam Superior to Chemat et al., 2006
angustifolia distillation steaistillation in terms
Mill, Lamiaceae of energy saving, rapidly

(product yield, cleaniliness
and product quality)

Laurus nobilis Microwave oven with stirrer, No solvent, safe Flamini et al., 2007
with water as solvent energy efficient

L. angustifolia Microwave steam distillation Significantly faster Sahraoui et al., 2008
Mill. Lamiaceae than steam distillation,

reduced costs
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supercritical fluid extraction is proving beneficial to
food industries than the primitively used solvent
extraction methods. The importance of microwave
assisted extraction lies in the performance of heating
source. The high temperature reached by microwave
heating reduces dramatically the extraction time as
well as the volume of solvent required. Supercritical
fluid is an effective process for separation of
essential oils, producing high quality oil with more
satisfactory composition and is performed at low
temperature, proving ideal technique for thermally
labile compounds.

References
Abbas KA, Mohamed A, Abdulamir AS and Abas

HA. 2008. A review on supercritical fluid
extraction as new analytical method. Amer J
Biochem Biotech 4: 345-353.

Ahmadi K N, Tavakolipour H, Hasani and Amiri M.
2014. Evaluation and analysis of the ultrasound-
assisted extracted tomato seed oil. J Food
Biosci Tech, Islamic Azad University, Sci Res
Branch 4: 57-66.

Albu S, Joyce E, Paniwnyk L, Lorimer P and Mason
J. 2004. Potential for the use of ultrasound in
the extraction of antioxidants from Rosmarinus
officinalis for the food and pharmaceuticals
industry. Ultrasonics Sonochem 11: 261-265.

Asfaw N, Licence A A, Novitskii and Poliakoff M.
2005. Green Chemistry in Ethopia: the cleaner
extraction of essential oils from Artemisia afra: a
comparison of clean technology with conventional
methodology. Green Chem 7: 352-356.

Ashokkumar M, Sunartio D, Kentish S, Mawson R,
Simons L and Vilkhu K. 2008. Modification of food
ingredients by ultrasound to improve functionality:
A preliminary study on a model system. Innov
Food Sci Emer Tech 9: 300 155-160.

Babaei R, Jabbari A and Knud M. 2006. Solid- liquid
extraction of fatty acids of some variety of
Iranian rice in closed vessel in the absence and
presence of ultrasonic waves. Asian J Chem
18: 57-64.

Balachandaran S, Kentish E, Mawson R and
Ashokkumar M. 2006. Ultrasonic enhancement
of the supercritical extraction of ginger.
Ultrasonics Sonochem 13: 471-479.

Barnabas IJ, Dean JR, Fowlis IA and Owen SP.  1995.
Extraction of polycyclic aromatic hydrocarbons
from highly contaminated soils using microwave
energy. Analyst 120: 1897-1904.

Blasco EG, Tarrega A, Capilla V and Subirats S.
1999. Applications of SCF in Food Industry.
AINIA, Valencia, Spain.

Bousbia N, Vian M, Ferhat M, Meklati B and Chemat
F. 2009. A new process for extraction of
essential oil from Citrus peels: Microwave
hydroduffusion and gravity. J Food Engg 90:
409-413.

Bravi E, Pperretti G, Motanari L, Favati F and
Fantozzi P. 2007.  Supercritical fluid extraction
for quality control in beer industry.  J  Supercri
Fluids 42: 342-346.

Bruni R, Guerrini A, Scalia S, Romagnoli C and
Sacchetti G. 2002. Rapid techniques for the
extraction of vitamin E isomers from
Amaranthus caudatus seeds: ultrasonic and
supercritical fluid extraction. Phytochem Anal
13: 257-261.

Brunner G. 2005. Supercritical fluids: technology and
application to food processing. J Food Engg
67: 21-33.

Capuzzo A, Maffei ME and Occhipinti A. 2013.
Supercritical fluid extraction of plant flavors and
frangrances. Molecules 18: 7194-238.

Chemat S, Lagha A, AitAmar H, Bartels V and
Chemat F. 2004. Comparison of conventional
and ultrasound assisted extraction of carvone
and limonene from caraway seeds. Flav Frag
J 19: 188-195.

Chemat F, Zill-e-Huma and Khan MK. 2011.
Application of ultrasound in food technology:
processing, preservation and extraction.
Ultrasonics Sonochem 18: 813-835.

Coelho LAF, Oliveira JV and D’Avila SG. 1996. The
effects of temperature and solvent density on the
characteristics of the extracts from SCFE of
rosemary oil. Brazilian J Chem Engg 13: 51.

Cox VS. 1988. Veterinary clinics North American.
Food Animal Prac 4: 413.

Collin GJ, Lord D, Allaire J and Gagnon D. 1991.
Essential oil and microwave extracts. Parfums,
Cosmetique, Aromes 97: 105-112.



9Journal of Oilseed Brassica, 8 (1) January, 2017

Czechowska-Biskup R, Rokita B, Lotfy S, Ulanski
P and Rosiak  JM. 2005. Degradation of chitosan
and starch by 360- KHz ultrasound. Carbo
Polymers 60: 175-184.

Dron A, Guyer DE, Gage DA and Lira CT. 1997.
Yield and quality of onion flavour oil obtained
by supercritical fluid extraction and other
method. J Food Process Eng 20: 107-123.

Ehlers D, Nguyen T, Quirin KW and Gerard D. 2001.
Anaylsis of essential basil oils-CO2 extracts and
steam-distilled oils. Deutsche Lebensmittel-
Rundschau 97: 245-250.

Fadel H, Marx F, El-Sawy A and El-Ghorab A. 1999.
Effect of extraction techniques on the chemical
composition and antioxidant activity of
Eucalyptus camaldulensis var. brevirostris leaf
oils. Z fur leben Untersuchung Forschung
208: 212-216.

Farjam M H, Zardosht M and Joukar M. 2014.
Comparison of microwave assisted
hydrodistillation and traditional hydrodistillation
methods for extraction of the Vitex pseudo-
negundo essential oils. Adv Env Bio 8: 82-85.

Farhat A, Ginies C, Romdhane M and Chemat F.
2009. Eco friendly and cleaner process for
isolation of essential oil using microwave
energy: experimental and theoretical study. J
Chromto 1216: 5077-5085.

Flint EB and Suslick KS. 1991. The temperature of
cavitation. Science 253: 1397-1399.

Gabriel ACU, Gladys PJB, Maria ESM and Aurelio
LM. 2013. Microwave assisted extraction of
essential oils from herbs. J Microwave Power
Electromag Energy 47: 63-72.

Gupta RB and Shim JJ. 2006. Solubility in supercritical
carbon dioxide. CRC Press, Boca Raton 13: 960.

Golmakani MT and Rezaei K. 2008. Microwave
assisted hydrodistillation of essential oil from
Zataria multiflora Boiss. Eur J Lipid Sci
Technol 110: 448-454.

Govender H. 2010. A comparative study of solvent
extraction, soxhlet extraction, steam distillation,
headspace analysis and headspace solid phase
micro extraction for the extraction of volatile
terpenoid compounds in the curry leaf plant. B Sc
Thesis. University of Kwazulu- Natal, Durbam.

Hong- Wu W, Yan-Qing L, Shou-Lian W, Zi-Jun Yan
and Kuan Lu. 2010. Comparision of microwave
assisted and conventional hydrodistillation in the
extraction of essential oils from mango
(Mangifera indica L.) flowers. Molecules 15:
7715-7723.

Iriti M, Colnaghi G, chemat F, Smadja J, Faoro F
and Visinoni FA. 2006. Histocytochemistry and
scanning electron microscopy of lavender
glandular trichomes following conventional and
microwave assisted hydrodistillation of essential
oils: a comparative study. Flavour Frag J 21:
704-712.

Ivana T, Stanisavljevic, Lazic ML and Veljkovic VB.
2007. Ultrasounic Extraction of oil from tobacco
(Nicotiana tabacum L.) seeds. Ultrasonics
Sonochem 14: 646-652.

Kaufmann B and Christen P. 2002. Recent extraction
techniques for natural products: microwave
assisted extraction and pressurized solvent
extraction. Phytochem Analysis 13: 105-113.

King JW and France JE. 1992. Basic principle of
analytical supercritical fluid extraction. Analysis
with supercritical fluids: Extraction and
Chromatography, B. Wenclawiak (Ed.),
Springer-Verlag, Berlin, 32-57.

Knez Z, Markocic E, Leitgeb M, Primozic M, Hrncic
K and Skerget M. 2014. Industrial application of
supercritical fluids: A review. Energy 77: 235-243.

Knorr D, Ade-Omowaye BIO and Heinz V. 2002.
Nutritional improvement of plant foods by non-
thermal processing. P Nutri Soc 61: 311–318.

Kosar M, Ozek T, Goger F, Kurkcuoglu M and Can
BKH. 2005. Comparison of microwave assisted
hydrodistillation and hydrodistillation methods for
the analysis of volatile secondary metabolites.
Pharma Bio 43: 491-495.

Langezaal CR, Chandra A, Datsiotis ST, Scheffer
JJC and Haan AB. 1990. Analysis of
supercritical carbon dioxide extracts from cones
and leaves of a Humulus lupulus L. cultivar. J
Sci Food Agri 53: 455-463.

Lau EV, Gan S and Ng HK. 2010. Review article
extraction technique for polycyclic technique
for polycyclic aromatic hydrocarbons in soils.
Intl J Anal Chem 398381, doi:10.1155/2010/
398381, 1-9.



10 Journal of Oilseed Brassica, 8 (1) January, 2017

Letellier M and Budzinski H. 1999. Microwave
assisted extraction of organic compounds.
Analusis 27: 259-270.

Lucchesi ME, Smadja J, Bradshaw S, Louw W and
Chemat F. 2007. Solvent free microwave extraction
of Elletaria cardamomum L.: a multivariate study
of a new technique for the extraction of essential
oil. J Food Eng 79: 1079-1086.

Luque-García JL and Luque de Castro MD. 2014.
Ultrasound-assisted Soxhlet extraction, an
expeditive approach for solid sample treatment,
application to the extraction of total fat 404 from
oleaginous seeds. J  Chromat A 1034: 237-242.

Lopes IMG and Bernardo-Gil MG. 2005.
Characterisation of corn oils extracted by
hexane and by supercritical carbon dioxide. Eur
J Lipid Sci Technol 107: 12-19.

Lorimer JP and Mason TJ. 1987. Sonochemistry
Part 1, The Physical Aspects. Chem Soc
Reviews 16: 239-274.

Makino K, Mossoba MM and Riesz P. 1983.
Chemical effects of ultrasound on aqueous
solutions, formation of hydroxyl radicals and
hydrogen atoms. J Phy Chem 87: 1369-1377.

Marie EL, Farid C and Jacqueline S. 2004. Solvent
Free Microwave extraction: an innovative tool
for rapid extraction of essential oil from aromatic
herbs and spices. J Microwave Pow
Electromag Energy 39: 135-139

Marr R and Gamse T. 2000. Use of supercritical
fluids for different processes including new
developments- a review. Chem Eng Process
39: 19-28.

Mason TJ, Paniwnyk L and Lorimer JP. 1996. The
uses of ultrasound in food technology.
Ultrasonics Sonochem  3: 2253-2360.

McNamara WB, Didenko YT and Suslick KS. 1999.
Sonoluminescence temperature during multi
bubble cavitation. Nature 401: 772-775.

Nik NAR, Sawsan SR, Ahmad HI, Moftah MBN
and Mohd OK. 2012. Supercritical carbon
dioxide extraction of the residual oil from palm
kernel cake. J Food Eng 108: 166-170.

Nuria RR, Sara MD, Sagrario B, Isabel J, Maria TS
and Jordi R. 2012. Supercritical fluid extraction
of fish oil from fish by-products: a comparison
with other extraction methods. J Food Eng 109:
238-248.

Norulaini NAN, Setianto WB, Zaidul  ISM, Nawi
AH, Azizi CYM and Mohd Omar AK. 2009.
Effects of supercritical carbon dioxide extraction
parameters on virgin coconut oil yield and
medium-chain triglyceride content. Food Chem
116: 193–197.

Ozer EO, Platin SU, Akman and Hortasçsu O. 1996.
Supercritical carbon dioxide extraction of
spearmint oil from mint-plant leaves. Can J
Chem Eng 74: 920-928.

Pare JRJ, Sigouin M and Lapointe J. 1991.
Microwave assisted natural products extraction,
U S patent no. 5 002 784, March 26 1991.

Perrigo BJ and Joynt BP. 1992.  A supercritical fluid
chromatography database for  analytical
toxicology. Can Soc Forensic Sci J l2: 155-7.

Patist A and Bates D. 2008. Ultrasonic innovations
in the food industry: from the laboratory to
commercial production. Innovat Food Sci
Emerg Technol 9: 147-154.

Poole C and Poole S. 1996. Trends in extraction of
semivolatile compunds for environmental
analysis. Analytical Commun 33: 11H-14H

Potts KH and Machell K. 1993. The Manual Screw
Press for Small Scale Oil Extraction, IT
Publications, Southampton Row, London,
WC1B 4HH, UK, 103-105.

Renoe BW. 1994. Microwave assisted extraction.
Amer Lab 26: 34-40.

Rezaei K and Temelli F. 2001.On line extraction-
reaction of canola oil using immobilized lipase
in supercritical CO2. J Supercrit Fluids
19: 263-274.

Rezvanpanah S, Rezaei K, Hadi RS and Moini S.
2008. Use of Microwave assisted
hydrodistillation to extract the essential oil from
Satureja hortensis and Satureja Montana. Food
Sci Technol Res 14: 311-314.

Riera E, Golas Y, Blanco A, Gallego A, Blasco M
and Mulet A. 2004. Mass transfer enhancement
in supercritical fluids extraction by means of
power ultrasound. Ultrasound Sonochem
11:241-244.

Routray W and Orsat V. 2012. Microwave assisted
extraction of Flavonoids: a Review. Food Biopro
Technol  5: 409-424.



11Journal of Oilseed Brassica, 8 (1) January, 2017

Safaralie  A, Fatemi S and Salimi A. 2008. Essential
oil composition of Valeriana officinalis L. roots
cultivated in Iran comparative analysis between
supercritical CO2 extraction and
hydrodistillation. J Chromato A 1180: 159-164.

Saoud AA, Yunus RM and Aziz RA. 2006.
Microwave assisted extraction of essential oil
from eucalyptus: Study of the effects of
operating conditions. J Eng Research 3: 31-37.

Sapkale GN, Patil SM, Surwase US and Bhatbhage
PK. 2010.  Supercrititcal fluid extraction- a
review. Int J Cheml Sci 8: 729-743.

Sihvonen M, Jarvenpaa E, Hietaniemi V and
Huopalahti R. 1999. Advances in supercritical
carbon dioxide technologies-phase equilibrium
and morphology study. Trends Food Sci
Technol  10: 217-222.

Skerget M and Knez Z. 1997. Solubility of binary
solid mixture B- carotene-capsaicin in dense
CO2. J  Agri Food Chem 45: 2066-9.

Shah S, Sharma A and Gupta N. 2005. Extraction of
oil from Jatropha curcas (L) seed kernels by
combination of ultrasonication and enzymatic oil
extraction. Bioresource Technol  96: 21-123.

Sharma A and Gupta MN. 2006. Pre-irradiation
effect upon aqueous enzymatic oil extraction
from almond and apricot seeds. Ultrasonics
Sonochem 13: 529–534.

Shaoa P, Suna P and Ying Y. 2008.  Response surface
optimization of wheat germ oil yield by
supercritical carbon dioxide extraction. Food
Bioprod Processing  86: 227- 231.

Soria AC and Villamiel M. 2010. Effect of ultrasound
on the technological properties and bioactivity
of food: a review. Trends Food Sci Technol
21: 323-331.

Stashenko  EE, Jaramillo BE and Martinez JR. 2004.
Analysis of volatile secondary metabolites from
Colombian Xylopia aromatic (Lamarck) by
different extraction and headspace methods and gas
chromatography. J  Chromato A 1025: 105- 113.

Sukhdev SH, Suman PSK, Gennaro L and Der DR.
2008. Extraction technologies for  medicinal and
aromatic plants. Intl Centre for Science and
High Technology, Trieste 136.

Thi NDT, Anh TH and Thach LN. 2008.  The
essential oil composition of Eryngium foetidum

L. in South Vietnam extracted by
hydrodistillation under conventional heating and
microwave irradiation. J Essen Oil Bearing
Plants 11: 154-161.

Tripti J, Jain V, Pandey R, Vyas A and Shukla SS.
2009. Mircowave assisted extraction for
phytoconstituents- an overview. Asian J Res
Chem 2: 19-25.

Vilkhu K, Mawson R, Simons L and Bates D. 2008.
Applications and opportunities for ultrasound
assisted extraction in the food industry- A review.
Innov Food Sci Emerg Technol 9: 161-169.

Vivekananda M, Yogesh M and Hemalathala S.
2007. Reviews microwave assisted extraction-an
innovative and promising extraction tool for medicinal
plant research. Pharmocognosy 1: 7-18.

Wang W and Weller CL. 2006. Recent advances in
extraction of nutraceuticals from plants. T  Food
Sci Technol  17: 300-312.

Wu H, Hulbert GJ and Mount JR. 2001. Effects of
ultrasound on milk homogenisation and
fermentation with yogurt starter. Innov Food
Sci Emerg Technol 1: 2111-218.

Xia T, Shi S and Wan X. 2006. Impact of Ultrasonic
assisted extraction on the chemical and sensory
quality of tea infusion. J Food Eng 74: 557-560.

Young JC. 1995. Microwave assisted extraction of
the fungal metabolite ergosterol and total fatty
acids. J  Agri Food Chem 43: 2904-2910.

Yu J, Wang LM, Walzem RL, Miller EG, Pike LM
and Patil BS. 2005. Antioxidant  activity of citrus
limonoids, flavonoids, and coumarins. J Agri
Food Chem 53: 2009–2014.

Zbigniew J, Dolatowski, Joanna S and Dariusz S. 2007.
Application of ultrasound in food Technology. Acta
Sci Polon Technol Ali 6: 89-99.

Zhang QA, Zhi-Qi ZA, Xuan FY, Xue HF and Tao
LC. 2009. Response surface optimization of
ultrasound-assisted oil extraction from
autoclaved almond powder. Food Chem 116:
513-518.

Zhang ZS, Wang LJ, Li D, Jiao SS, Chen XD and
Mao ZH. 2008. Ultrasound assisted extraction of
oil from flaxseed. Sep Purif Technol 62: 192-198.


