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Abstract

Extraction methods of chemical constituents, plant metabolites, phenolic compound, and essential oil are still
interested part for recognition of novel drug compound from medicinal plants. Plants extraction methods have
existed from ancient times to present era. Extraction method is a major step in the preparation of any pharmaceutical
dosage from as well as searching for a new molecule for the preparation of drugs. The extraction methods should
be less time consuming, easy, and cheap, give more yield with or without less solvent, solvent recovery without
any changes in yield and separation of chemical constituents should be easy. There are many extraction methods
which are available nowadays from conventional method to novel extraction method. In these review paper, we
are focus about conventional methods and novel methods of extraction of plants, advantages and disadvantages,
factors affecting the extraction of medicinal plants, and also discussing some points about which method is
superior and satisfactory methods for the extraction of bioactive compounds of plants.
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INTRODUCTION

plants provide a vast chance to launch

new drug molecules and new drug
discoveries for diseases that do not have any
kind of drug treatment still. Medicinal plants are
used in herbal formulations, in herbal cosmetics
preparation and bioactive compounds are used
in drug formulations.'"! In plants, secondary
metabolites have a therapeutic effect against a
variety of diseases. Some examples of secondary
metabolites are glycosides, alkaloids, volatile
oil, flavonoids, tannins, terpenoids, and resins.
Extraction of bioactive compounds is a very
significant step for the isolation, purification, and
restoration of active chemical constituents after
the identification and collection of medicinal
plants.>¥) These active chemical constituents
from medicinal plants have antiviral, antifungal,
antibacterial, and anticancer activity against
humans.™ For the extraction of phytochemicals,
there are many conventional methods and novel
extraction according to the solubility of active
phytochemical ingredients from medicinal plants
and the choice of solvents. Some traditional or

Phytochemicals derived from medicinal
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conventional methods are Soxhlet extraction, hydrodistillation,
percolation, and maceration and some novel extraction
techniques are microwave-assisted technique Microwave-
assisted extraction (MAE), supercritical fluid extraction
(SFE), pressurized liquid extraction (PLE), ultrasound-assisted
extraction (UAE), etc.”% Conventional methods of extraction
are time consuming, requires a large amount of solvent, takes
more energy, and gives less yield of phytochemical constituents
from medicinal plants. It is reasonable that novel extraction
techniques take more attention from researchers because it is
less time consuming, have less solvent requirement, and higher
yield of bioactive compounds. Novel methods of extraction
such as MAE and SFE have some advantages such as short-
time duration of extraction, low cost, energy consumption, and
higher yield also.”
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CONVENTIONAL OR TRADITIONAL
METHODS OF EXTRACTION

Percolation

In this technique, a cone-shaped, narrow vessel apparatus
is used for extraction known as a percolator. It is open at
both ends. In percolation, solid material is used after being
moistened with a specific solvent for the extraction of active
pharmaceutical ingredients for the preparation of tinctures.
The advantages of the percolation method are less time taken
in comparison to maceration, thermolabile active constituents
can be extracted, and useful for the extraction of costly
and potent drugs. The percolation method has also some
disadvantages such as a high solvent requirement, more time
taken than Soxhlet extraction, a trained person is required, and
the particle size of the solid drug is taken special attention.®!

Maceration

In maceration technique, coarse or whole powder crude drug
is placed with a specific solvent in a stoppered container and
allowed for a specific time (3 days) at room temperature
with frequent agitation till the soluble bioactive material has
dissolved. After 3 days, filter the whole mixture with solvent
and collect the soluble bioactive compounds. Some merits of
maceration are that it is easy to operate, and a cheap, wide
variety of compounds can be extracted. The demerits of this
method are time-consuming process, require a large volume
of solvents, and follow other additional steps of filtration and
centrifugation to get clear filtrate.[!%!!]

Soxhlet Extraction (Hot Continues Method)

Soxhlet extraction is also known as solid-liquid extraction
because medicinal plants are used in solid (powder) form
with a specific solvent with heat for the extraction of
phytochemicals. This technique is operated by the apparatus
known as the Soxhlet apparatus and consists of glass. It
has been used since ancient times. A most special feature
of Soxhlet extraction is that the crude drug powder is
continuously in contact with a fresh solvent which increases
the efficiency of the extraction method. This method has
advantages is that thermolabile compounds can be extracted,
commonly used for nutraceuticals, fresh solvent contact with
powder drug makes more efficient to this method, low cost
and disadvantages such as long-time duration, high solvent
requirement, chances of thermal decomposition, and agitation
of powder sample is not possible.[14

SFE

SFE is using supercritical fluid (SCF). SCF consists of
the most common solvents for the extraction of bioactive
compounds from medicinal plants such as ethanol, benzene,
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carbon dioxide, propane, ammonia, and methane all from it
carbon dioxide is the most useful solvent because of some
properties such as low cost, chemically stable, and zero
surface tension. SCF solvent is the most popular combination
for extraction.!'” SFE is a systematic method of extraction
used in nutraceuticals, pharmaceutical, and cosmetic
industries for the extraction, separation, and isolation of
bioactive compounds.' Some suitable environments
example elevation of temperature or use of modifiers produces
higher yield recovery than other convention methods.['”? SFE
is planned to displace the various steps in the conventional
method, make it less time consuming, and make less sample
preparation in different steps and a small number of organic
solvents consumption. SCF solvents are the most useful
solvents because of their properties such as higher diffusivity,
lower viscosity, and density. CO, is the most common solvent
used in this method because of its low cost, easily available,
and safe. The SCF also has the property to penetrate the
solid powder mass more than other organic solvents. SFE
technique is the most common method to extract a variety of
bioactive components.['®2%) Some drawback of this method
is temperature, environment, operating method should be
handled carefully to get a higher yield.?!

NOVEL(GREEN)EXTRACTIONMETHODS

There are most of the conventional methods of the extraction
of bioactive compounds from plants which are available
for decades. Conventional methods of extraction are time
consuming, need a high number of solvents, many additional
steps to extract any phytochemical, high-energy requirements
which all make them less suitable and efficient. To banish all
these drawbacks, novel or green extraction techniques are
nowadays applied to the extraction of bioactive compounds.
Novel techniques are used not only to save energy or time
while it is also used for the less solvent requirement, more
recovery of solvents, and improve the quality, sensitivity,
and efficacy of the extraction process, there are some most
commonly green extraction methods which are used such as
MAE, UAE, PLE, and accelerated solvent extraction (ASE);
we are discussing some novel techniques of extraction.!?*?4

MAE

MAE is one of the best novel extraction methods which is
the combination of microwave and conventional solvent
extraction methods. In the MAE technique, the extraction of
phytochemicals can be done by with water or without organic
solvent in a microwave reactor. MAE technique takes less
time, has less solvent requirement improved the quality of
extract, and gives a higher number of bioactive compounds.
MAE is used for the extraction of nutraceuticals from plants
and seaweeds. In green technology, solvent-free, microwave-
assisted extraction (SFAE) is one of the best novel techniques
of extraction because extraction of plant material can be




Table 1: Comparative study of some medicinal plant’s extraction by conventional and novel extraction technique

Name of Part Technique Bioactive Time Micro-wave Temp. Sample Yield %or Ref.
plants used compound Inh/ powerinW in°C taken for mgl/g
min extraction

Robinia Flower UAE Total 0.5 - 59 29 3.12mg [40]
pseudoacacia Maceration phenolic 24 - 25 29 2.54 mg
(black locust) Soxhlet compound 6 - 90 59 3.22 mg

- extraction
Carumcarvi  Seed Soxhlet-extraction Total volatile 5 - 69 59 50.45mg [41]
(caraway UAE oil 1 - 20-38 25¢g 44.45 mg
seeds) MAE 1 - 69 - 45.78 mg
Petroselinum Leaves Soxhlet-extraction Apigenin 6 - 70 69 18.51 mg [42]
crispum UAE 30 min - 40 - 9.48 mg
(parsley MAE 2 min 180 w - 05g¢g 7.90 mg
leaves)
Camellia Leaves Soxhlet-extraction Total 20h - Room 100 g 76.6% [43]
sinensis Ultrasonic Polyphenolic 90 min 250 W temp 100 g 76%
(Green tea) extraction compound 1 min - - 100 g 77%

HPE 20-40
Synedrella Weed Maceration Total 24 h - Room 59 34.84 mg [44]
nodiflora Soxhlet extraction Polyphenolic 6h - temp 59 44.49 mg

HAE compound 5 min - Room 59 39.29 mg

UAE 1h - temp 59 33.69 mg

30

Melissa leaves  Maceration Catechin 24 h - 40 1g 3.45 mg/g [45]
officinalis UAE 20 min 150 W - 25¢g 2.01 mg/g
(Lyophilized MAE 5 min 407 W - 19 1.353
powder) mg/g
Ganoderma Fungus MAE Terpenoid 5 800 W 78 - 511% [46]
atrum SFE saponin min-10 - 55 80¢g 1.52%

UAE min - Room - 1.72%

- temp
15 min

Cymbopogon Leaves Conventional HD Essential oil 6 h - 50 200 g 0.41% [47]
citratus Enzymatic 6h - 50 200 g 0.97%
(Lemongrass) pre-treatment

(Before HD with

cellulose + B

galactosidase)
Rosa Flower SFME Essential oil 25 min 400 W - 100 g 0.056%  [48]
rubiginosa OAH 3h - - 100 g 0.033

HD 18 min - - - 0.047
Agaricus Fungus Soxhlet extraction Ergosterol 4 h - - 100 g 676 mg  [49]
bisporus UAE (In ethanol) 5 min 375 W - 100 g 671 mg
(Mushroom) MAE - 500 W - 100 g 577.2 mg

UAE: Ultrasound-assisted extraction, OAH: Ohmic-assisted hydrodistillation, HD: Hydrodistillation, HAE: Homogenizer-assisted extraction

done without any solvent. MAE and SFAE are commonly
used for the extraction of phenolic compounds, essential oil,
and antioxidants. In the 21 century, the green techniques
of extraction are used for extraction just because of their
properties. Some advantages of MHG are very less time taken
for extraction, higher amount of yield, less solvent consumption,
cost effective, and presence of methanol solvent in water is
beneficial for extraction and permits faster extraction than the
organic solvent alone. But also, some drawbacks of MHG are
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the risk of degradation of thermolabile components, the nature
of plant material and particle size affect the extraction, and
chances of ignition of material if temperature and microwave
radiation are not checked from time to time.!*2%

UAE

In green extraction techniques, UAE gains more attention due
to its environment-friendly nature, and use of clean, non-toxic,




us novel extraction methods

and green solvent. Nowadays, this green technique is used
for the extraction of bioactive compounds from plants, algae,
fungi, fruits, and even bacteria also at the laboratory as well
as in industries. UAE differs from other novel extraction
methods due to its properties such as energy generated during
the extraction and applied per molecule, time duration of
extraction, temperature, and ease of installation.?**% Cavitation
is a driving force in UAE for the extraction of materials.*!!
MAE method is used for these advantages like it is energy
saving technique, also can use for thermolabile materials,
high-power ultrasound, and low temperature increases the
number of bioactive constituents. It is the most effective
method in green technology extraction techniques due to less
solvent requirement and short-time duration of extraction.*? A
common disadvantage of ultrasound-assisted extraction in an
ultrasound bath is the situation of the container that carries the
solvent and matrix which have to be extracted. The ultrasound
waves can change the efficiency of the extraction of material.**!

PLE

The PLE method is consisting of basic steps like the extraction
vessel is loaded with material to be extracted with a preselected
solvent with temperature and pressure for a specific time
duration. The solvent is injected through the vessel for contact
of the fresh solvent with the sample and the vessel is purified
by the inert gas to confirm the total removal of the solvent
from the tube and vessels of the PLE system.* PLE is used
mainly to extract the bioactive components from plants and
extraction of nutraceuticals and pollutants present in the
environment.’ Some merits of PLE are that it is the most
popular technique for the extraction of bioactive compounds,
polyphenolic components, and nutraceuticals due to rapid
extraction, less time requirement, fewer solvent requirements,
and high yield of compounds with one common drawback
that is the high temperature which is used for extraction.>®

ASE

ASE techniques have also known as pressurized fluid
extraction.®’” This method is a fully automated and reliable
technique. The advantages of this method over traditional or
conventional methods are the drastic reduction of the solvent
used for the extraction and less time is taken to process, a
wide range of applications, small sample size, etc.**3% In the
ASE technique, the solvents are used at high pressure and
temperature to increase the effectiveness of the extraction.
However, a high temperature is also the disadvantage of this
method because it can rupture the plant matrix.>”’

CONVENTIONAL VERSUS NOVEL
EXTRACTION TECHNIQUES

As mentioned in Table 1, we can clearly see the differences
between both traditional and novel methods of extraction.
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Medicinal plants play an important role in the discovery of
new molecules and drugs, and for this purpose, the first step
is to identify the plants and after that extraction of bioactive
components which have therapeutic effects. There are
various extraction methods for the extraction of medicinal
plants from traditional to novel methods. According
to many studies, we have seen sometimes the yield of
bioactive compounds is more in conventional methods like
Soxhlet extraction and significantly less amount in novel
methods such as UAE and MAE. However, if we give
attention to both methods, we found that the conventional
methods are time consuming, more energy taking, and more
solvent necessity. In the same amount of time, we extract
once from the plant with the old method, we can extract the
phytochemicals from the novel method many times without
taking longer time, saving energy, less solvent, and power
requirement.

CONCLUSION

The extraction of phytochemicals is affected by the nature of
solvents, temperature, microwave power, cost and recovery
of solvent, etc. In this review article, we have seen that
sometimes, the number of phytochemicals in the conventional
method is more than in the green or novel extraction technique
but the bioactive compound is more in novel methods, as
per the data given in Table 1, we have seen that the yield of
bioactive compounds is more than the conventional method
without wastage of solvent, energy, and time. It is also cost-
effective, non-toxic, and renewable. In green techniques of
extraction, we should get more yield from the plants, algae,
and fungi, if we know about the optimum temperature and
microwave energy for the extraction of the sample. Hence,
novel extraction method is more useful for the extraction of
bioactive compounds.

FUTURE PROSPECTUS

According to many studies by researchers, the yield
of phytochemicals is found in more amounts by novel
extraction methods within less duration of time, without
wastage of extra solvent and energy. Due to many properties
such as being cost effective, less time consuming, easy
to operate, high purity of yield, and especially for the
extraction of bioactive compounds in higher amounts as
compared to the conventional methods, such as essential
oils, phenolic compounds, antioxidants, and flavonoids, it
is used. Nowadays in pharmaceutical industries, in herbal
preparation, nutraceuticals, and cosmetic preparation,
green techniques are used for the extraction of bioactive
compounds. Hence, researchers should also give attention to
how to escape the drawbacks of novel methods of extraction
though these methods are got more effective and efficacious
and still have some drawbacks which need to maintain or
remove from them.




10.

11.

12.

13.

14.

REFERENCES

Sasidharan S, Chen Y, Saravanan D, Sundram KM,
Latha LY. Extraction, isolation and characterization of
bioactive compounds from plant’s extracts. Afr J Tradit
Complement Altern Med 2011;8:1-10.

Silva GL, Lee IS, Kinghorn AD. Special problems with
the extraction of plant from methods m biotechnology.
Nat Prod Isolation 1998;4:344-63.

Jun X. High-pressure processing as emergent technology
for the extraction of bioactive ingredients from plant
materials. Crit Rev Food Sci Nutr 2013;53:837-52.
Gherman C, Culea M, Cozar O. Comparative analysis
of some active principles of herb plants by GC/MS.
Talanta. 2000;53:253-62.

Chuo SC, Nasir HM, Mohd-Setapar SH, Mohamed SF,
Ahmad A, Wani WA, et al. A glimpse into the extraction
methods of active compounds from plants. Crit Rev Anal
Chem 2022;52:667-96.

Lefebvre T, Destandau E, Lesellier E. Selective
extraction of bioactive compounds from plants using
recent extraction techniques: A review. J] Chromatogr A
2021;1635:461770.

Zia S, Khan MR, Shabbir MA, Aslam A, Khan MK,
Nadeem M, et al. An inclusive overview of advanced
thermal and nonthermal extraction techniques for
bioactive compounds in food and food-related matrices.
Food Rev Int 2020;38:1166-96.

Oshadie G, Silva D, Abeysundara AT, Minoli M,
Aponso W. Extraction methods, qualitative and
quantitative techniques for screening of phytochemicals
from plants. Am J Essent Oils Nat Prod 2017;5:29-32.
Rasul MG. Conventional extraction methods use in
medicinal plants, their advantages and disadvantages.
Int J Basic Sci Appl Comput 2018;2:10-4.

Fonmboh DJ, Abah ER, Fokunang TE, Herve B, Teke GN,
Rose NM, et al. An overview of methods of extraction,
isolation and characterization of natural medicinal plant
products in improved traditional medicine research.
Asian J Res Med Pharm Sci 2020;9:31-57.
Garcia-Vaquero M, Rajauria G, Tiwari B. Conventional
extraction techniques: Solvent extraction. In: Sustainable
Seaweed Technologies. Amsterdam, Netherlands:
Elsevier; 2020. p. 171-89.

Wang L, Weller CL. Recent advances in extraction of
nutraceuticals from plants. Trends Food Sci Technol
2006;17:300-12.

Sasidharan S, Shanmugapriya J, Vijayarathna SL,
Kavitha SN, Oon CE, Chen Y, et al. Conventional and
non-conventional approach towards the extraction of
bioorganic phase. In: Bioorganic Phase in Natural Food:
An Overview. Berlin, Germany: Springer International
Publishing; 2018. p. 41-57.

Farooq S, Shah MA, Siddiqui MW, Dar BN,
Mir SA, Ali A. Recent trends in extraction techniques of
anthocyanins from plant materials. J] Food Meas Charact
2020;14:3508-19.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

International Journal of Green Pharmacy ¢ Jul-Sep 2022 < 16 (3) | 224

Mosic M, Dramicanin A, Ristivojevic P, Milojkovic-
Opsenica D. Extraction as a critical step in phytochemical
analysis. J AOAC Int 2021;103:365-72.

Belokurov  SS, Narkevich IA, Flisyuk EV,
Kaukhova IE, Aroyan MV. Modern extraction methods
for medicinal plant raw material (review). Pharm Chem
J2019;53:559-63.

Bewadt S, Hawthorne SB. Supercritical fluid extraction in
environmental analysis. J] Chromatogr 1995;703:549-71.
Hedrick JL, Mulcahey LJ, Taylor LT. Supercritical fluid
extraction. Mikrochim Acta 1992;108:115-32.
Reverchon E, De Marco 1. Supercritical fluid extraction
and fractionation of natural matter. J Supercrit Fluids
2006;38:146-66.

Lang Q, Wai CM. Supercritical fluid extraction in herbal
and natural product studies-a practical review. Talanta
2001;53:771-82.

Herrero M, Mendiola JA, Cifuentes A, Ibanez E.
Supercritical fluid extraction: Recent advances and
applications. J Chromatogr A 2010;1217:2495-511.
Stramans AJ, Nijhuis HH. Extraction of secondary
metabolites from plant material: A review. Trends Food
Sci Technol 1996;7:191-7.

Chemat F, Abert-Vian M, Fabiano-Tixier AS, Strube J,
Uhlenbrock L, Gunjevic V, et al. Green extraction of
natural products. Origins, current status, and future
challenges. TrAC Trends Anal Chem 2019;118:248-63.
Armenta S, Garrigues S, De La Guardia M. The role of
green extraction techniques in green analytical chemistry.
TrAC Trends Anal Chem 2015;71:2-8.

Delazar A, Nahar L, Hamedeyazdan S, Sarker SD.
Microwave-assisted extraction in natural products
isolation. Methods Mol Biol 2012;864:89-115.
Chaturvedi AK. Extraction of nutraceuticals from plants
by microwave assisted extraction. Syst Rev Pharm
2018;9:31-5.

Karabegovic IT, Stojicevic SS, Velickovic DT,
Nikolic NC, Lazic ML. Optimization of microwave-
assisted extraction and characterization of phenolic
compounds in cherry laurel (Prunus laurocerasus)
leaves. Sep Purif Technol 2013;120:429-36.

Li A, Fabiano-Tixier S, Chemat F. Essential oils: From
conventional to green extraction. In: Briefs in Green
Chemistry for Sustainability. Berlin: Springer; 2014.
p. 9-20.

Rahman MM, Lamsal BP. Ultrasound-assisted extraction
and modification of plant-based proteins: Impact on
physicochemical, functional, and nutritional properties.
Compr Rev Food Sci Food Saf 2021;20:1457-80.
Lavilla I, Bendicho C. Fundamentals of ultrasound-
assisted extraction. In: Water Extraction of Bioactive
Compounds: From Plants to Drug Development.
Amsterdam, Netherlands: Elsevier; 2017. p. 291-316.
VinatoruMason TJ, Calinescu I. Ultrasonically assisted
extraction (UAE) and microwave assisted extraction
(MAE) of functional compounds from plant materials.
TrAC Trends Anal Chem 2017;97:159-78.




32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Esclapez MD, Garcia-Perez JV, Mulet A, Carcel JA.
Ultrasound-assisted extraction of natural product. Food
Eng Rev 2011;3:108-20.

Carreira-Casais A, Otero P, Garcia-Perez P, Garcia-
Oliveira P, Pereira AG, Carpena M, et al. Benefits and
drawbacks of ultrasound-assisted extraction for the
recovery of bioactive compounds from marine algae. Int
J Environ Res Public Health 2021;18:1-26.

Wianowska D. The influence of purge times on the
yields of essential oil components extracted from
plants by pressurized liquid extraction. J AOAC Int
2014;97:1310-6.

Carabias-Martinez R, Rodriguez-Gonzalo E, Revilla-
Ruiz P, Hernandez-Mendez J. Pressurized liquid
extraction in the analysis of food and biological samples.
J Chromatogr A 2005;1089:1-17.

Zhang QW, Ye WC. Techniques for extraction and
isolation of natural products: A comprehensive review.
Chin Med (United Kingdom) 2018;13:20.
Giergielewicz-Mozajska H, Dabrowski L, Namiesnik J.
Accelerated solvent extraction (ASE) in the analysis of
environmental solid samples some aspects of theory and
practice. Crit Rev Anal Chem 2001;31:149-65.

Sun H, Ge X, Lv Y, Wang A. Application of accelerated
solvent extraction in the analysis of organic contaminants,
bioactive and nutritional compounds in food and feed.
J Chromatogr A 2012;1237:1-23.

Mottaleb MA, Sarker SD. Accelerated solvent extraction
for natural products isolation. Methods Mol Biol
2012;864:75-87.

Gajic IS, Savic I, Boskov I, Zerajic S, Markovic I,
Gajic D. Optimization of ultrasound-assisted extraction
of phenolic compounds from black locust (Robinia
epseudoacaciae) flowers and comparison with
conventional methods. Antioxidants 2019;8:248.
Chemat S, Lagha A, AitAmar H, Bartels PV,
Chemat F. Comparison of conventional and ultrasound-
assisted extraction of carvone and limonene from
caraway seeds. Flavour Fragrance J 2004;19:188-95.

International Journal of Green Pharmacy ¢ Jul-Sep 2022 « 16 (3) | 225

42. Poureini F, Mohammadi M, Najafpour GD, Nikzad M.
Comparative study on the extraction of apigenin from
parsley leaves (Petroselinum crispum L.) by ultrasonic
and microwave methods. Chem Pap 2020;74:3857-71.

43. Huang HW, Hsu CP, Yang BB, Wang CY. Advances in
the extraction of natural ingredients by high pressure
extraction technology. Trends Food Sci Technol
2013;33:54-62.

44, Zheleva-Dimitrova D, Sinan KI, Etienne OK,
Zengin G, Gevrenova R, Mahomoodally MF, et al.
Chemical composition and biological properties of
Synedrella  nodiflora (L.) Gaertn: A comparative
investigation of different extraction methods. Proc
Biochem 2020;96:202-12.

45. Albuquerque BR, Pricto MA, Barreiro MF,
Rodrigues A, Curran TP, Barros L, et al. Catechin-based
extract optimization obtained from Arbutus unedo L.
fruits using maceration/microwave/ultrasound extraction
techniques. Ind Crops Prod 2017;95:404-15.

46. Chan CH, Yusoff R, Ngoh GC, Kung FW. Microwave-
assisted extractions of active ingredients from plants.
J Chromatogr 2011;1218:6213-25.

47. Rashmi, Bhardwaj S, Gupta PK. Comparative study
of Cymbopogon citratus volatile oil by conventional
method versus enzyme pre-treatment. J Essent Oil
Bearing Plants 2017;20:744-51.

48. Manouchehri R, Saharkhiz MJ, Karami A, Niakousari M.
Extraction of essential oils from damask rose using
green and conventional techniques: Microwave and
ohmic assisted hydrodistillation versus hydrodistillation.
Sustain Chem Pharm 2018;8:76-81.

49. Heleno SA, Diz P, Prieto MA, Barros L, Rodrigues A,
Barreiro MF, et al. Optimization of ultrasound-assisted
extraction to obtain mycosterols from Agaricus bisporus
L. by response surface methodology and comparison
with conventional soxhlet extraction. Food Chem
2016;197:1054-63.

Source of Support: Nil. Conflicts of Interest: None declared.




