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ABSTRACT

Extraction process forms the first basic step in medicinal plant research because the preparation of crude extracts
from plantsis the starting point for the isolation and purification of chemical constituents present in plants. Yet the
extraction step remains often a neglected area, which over the years has received much less attention and research.
Traditional methods of extraction and processing of herbs and medicinal plants such as solid liquid extraction
(Soxhlet), steam distillation or cold press are still used in Egypt. These methods of extraction lack selectivity, give
lower yields and because it uses large volume of organic solvents it present safety concern and environmental risk.
Several new extraction techniques for improving efficiency and selectivity are now replacing the old methods of
extraction. However, recently exports of medicinal and aromatic plants products from Egypt to other countries are
becoming more and more restricted due to the presence of unacceptable levels of contaminants and occasionally the
occurrences of heavy metals and pesticides that attributed to the drawbacks of traditional extraction methods. The
fact that one single plant can contain several secondary metabolites makes the need for the development of high
performance and rapid extraction methods an absolute necessity. Keeping in pace with such requirements, recent
times has witnessed the use and growth of new extraction techniques with shortened extraction time, reduced solvent
consumption, increased pollution prevention concern and with special care for thermolabile constituents. Novel
extraction methods including Microwave Assisted Extraction (MAE), Supercritical Fluid Extraction (SCFE),
Accelerated Solvent Extraction (ASE), Subcritical Water Extraction (SWE) and Ultrasound Assisted Extraction
(USE) have drawn significant research attention in the last decade. In this review, we discussed the principles,
affecting factors, advantages and disadvantages of traditional and innovative extraction techniques. We also
suggested some ideas to establish these innovative technologies for extraction in Egypt.

Keywords: Innovative Green Techniques, Microwave Assistettdetion (MAE), Supercritical Fluid Extraction
(SCFE), Accelerated Solvent Extraction (ASE), Sillwed Water Extraction (SWE), Ultrasound Assisted
Extraction (USE).

INTRODUCTION

Medicinal plants have been used as a source ofdiemsince ancient times. The ancient Egyptiang amiliar
with many medicinal herbs and were aware of theéfuiness in treatment of various diseases. Thinbeaf sick
persons was carried out by priest doctors who plesst and prepared medicaments. The first recopdesktriptions
were found in Ancient Egyptian tombs. The writing the temple walls and in the papyri revealed thatient
Egyptians used many herbal drugs for the same pagoas they are used toay].

Medicinal plants and natural herb production angdoekfrom Egypt have been a major business and iitapb
source of income for many years. Among others; dmite, fennel, anise, basil, peppermint and marheiot
essential and fixed oils crops that are cultivateEgypt have a very good reputation in the intéomal markets.
However, recent exports of these products from Efgypther countries are becoming more and moteictex due
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to the presence of unacceptable levels of contarmtsnand occasionally the occurrences of heavy metat
pesticides. Traditional methods of extraction amdcpssing of herbs and medicinal plants such ad $iglid

extraction (Soxhlet), steam distillation or coldegs are still used in Egypt. These methods of etra lack
selectivity, give lower yields and because it ulsgge volume of organic solvents it present safsigcern and
environmental risk. Several new extraction techegjfor improving efficiency and selectivity are noaplacing the
old methods of extractiof-7].

Plants have been the source of potential therapaggnts ever since mankind has evolved. Althoegkral active
phytoconstituents and high activity profile druga/é been discovered from plants but the qualitysaddty related
problems of herbal drugs have still been a cha#idiog researchers. The major reasons for thesebdicks are the
lack of high performance, reliable extraction taghes and methodologies for establishing the punitgt standard
for herbal medicine$8, 9]. Due to these factors, the herbal medicines héiNgcsfind their way in order to be
accepted in global market. In research relatedstocogiery of new active phytoconstituents, extrati®mone of the
important steps as it is the starting point for tb@lation and purification procedures. An indivadiplant may
consist of several active phytoconstituents exgsim abundance along with certain constituentsoef hctivity
profile. Thus, there arises a need for the devetoprof extraction and analysis techniques with hpghformance
[10]. There has been a need for better and neweroctiinatechniques, in the herbal drug industry sat the
extraction time and the cost of solvent consumpiBatecreasefl1,12]

The traditional techniques of solvent extractiorplaint materials are mostly based on the corremicehof solvents
and the use of heat and/or agitation to increasestiubility of the desired compounds and to imprtive mass
transfer. Usually the traditional techniques regumnger extraction time thus running a severe agkhermal

degradation for most of the phyto-constituefit8]. Novel extraction methods including microwave siss

extraction (MAE), supercritical fluid extraction C&E), accelerated solvent extraction (ASE), Stioati Water

Extraction (SWE) and ultrasound assisted extracfld8E) have drawn significant research attentiorhim last
decadd14]. If these techniques are explored scientificaligy can provide an efficient extraction technoldgy

ensuring the quality of herbal medicines worldwiBter the past 126 years, Soxhlet extraction has bfee most
used among all other conventional techniqi&$. It serves a dual purpose of (a): extraction &ephe isolation of
phyto-constituents and (b): As a well establishextieh for the comparison of new extraction altenredi One of
the major significant shortcomings of Soxhlet esti@n is the lengthy extraction time that can bel8, and 24
hours or more, which results in consumption of @erable time and heat energ$5. The lengthy time
requirement makes it more labor-intensive and &rthie number of samples that can be processed widgmot be
entertained from commercial aspeci$,fl7]. Use of large amount of organic solvents requiassadditional
recovery step and subsequent evaporation to caaternie extract, resulting in more cumbersomege®and also
being detrimental to environmefit3,18]

1.An Overview of Extraction Techniques for Medicinaland Aromatic Plants:

Some of the major constraints in sustainable imdsxploitation of medicinal and aromatic pla(f$APs) are due
to the fact that the developing countries includitgypt have poor agricultural practices for MAPsscientific and
indiscriminate gathering practices from the wilshop postharvest and post-gathering practices lgatinpoor

quality raw material, lack of research for the depenent of high-yielding varieties of MAPS, pooropagation
methods, inefficient processing techniques, poalityucontrol procedures, lack of research on psecnd product
development, difficulty in marketing, non-availatyilof trained personnel, lack of facilities andlk® to fabricate
equipment locally, and finally lack of access te thtest technologies and market informatfip®]. This calls for

co-operation and coordination among various instiwnd organizations of the region, in order teettgp MAPS

for sustainable commercial exploitation. The precekextracting MAPs determines how efficiently a@d value
to MAP bioresources. In case of essential oils, ékraction process affects the physical as welingéasrnal

composition. External appearance, at times, camltres rejection of the batch even if the analyticesults are
within acceptable limits. Furthermore, essentidd are evaluated internationally for their olfagtqroperties by
experienced perfumers and these olfactory qualisiegersede analytical results. Variations in thendbal

constituents of the extracts of medicinal plantsy masult by using non-standardized procedures trfaetion.

Efforts should be made to produce batches withityuak consistent as possible (within the narrovwsessible

range)[8, 20].

2.Parameters for Selecting an Appropriate ExtractionMethod:

i) Authentication of plant material should be dondobe performing extraction. Any foreign matter shibie
completely eliminated.

ii) Use the right plant part and, for quality confralposes, record the age of plant and the timspseand place of
collection.
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iii) Conditions used for drying the plant material &ygdepend on the nature of its chemical constituddot or
cold blowing air flow for drying is generally prefed. If a crude drug with high moisture contentase used for
extraction, suitable weight corrections shouldrmiporated.

iv) Grinding methods should be specified and techisidnat generate heat should be avoided as muabssibfe.
v) Powdered plant material should be passed throuitgibte sieves to get the required particles ofaum size.

vi) Nature of constituents:

a) If the therapeutic value lies in non-polar cotsits, a non-polar solvent may be used. Likeviggeplants with
the active constituents like glycosides and hengelar solvent like aqueous methanol may be used.

b) If the constituents are thermolabile, extractmathods like cold maceration, percolation and C&Epaseferred.
For thermostable constituents, Soxhlet extractibmdnaqueous solvents are used) and decoctiowaiiér is the
menstruum) is useful.

c) Suitable precautions should be taken when dealitly constituents that degrade while being kepbiganic
solvents, e.g. flavonoids and phenyl propanoids.

d) In case of hot extraction, higher than requisdgerature should be avoided. Some glycosideskatg to break
upon continuous exposure to higher temperature.

€) Standardization of time of extraction is impotjaas:

 Insufficient time means incomplete extraction.

* If the extraction time is longer, unwanted conglitts may also be extracted. For example, if témiled for too
long, tannins are extracted which impart astringdnche final preparation.

f) The number of extractions required for completieaetion is as important as the duration of eadhaetion.

vii) The quality of water or menstruum used shoulddezified and controlled.

viii) Concentration and drying procedures should entheesafety and stability of the active constituelisying
under reduced pressure (e.g. using a Rotavaparngely used. Lyophilization, although expensivejnisreasingly
employed.

ix) The design and material of fabrication of the &otior are also to be taken into consideration.

x) Analytical parameters of the final extract, sushf&C and HPLC fingerprints, should be documentethbnitor
the quality of different batches of the extrgd8,13,20]

I. Conventional Solvent Extraction of Medicinal Plants
Classic techniques for solvent extraction of actiemstituents from medicinal plant matrices areeasn the
choice of solvent coupled with the use of heat gitation. Existing classic techniques used to abiactive
constituents from plants include: Soxhlet, hydrbiiééion and maceration with an alcohol-water e or other
organic solvents. Soxhlet extraction is a genenal well-established technique, which surpasseseifopnance
other conventional extraction techniques exceptifotimited fields of application, the extractiarf thermolabile
compoundg$21,22].

1.Advantages and Disadvantages of Soxhlet Extraction:

-Advantages:

1. The displacement of transfer equilibrium by pdly bringing fresh solvent into contact with aid matrix.
2. Maintaining a relatively high extraction tempera with heat from the distillation flask.

3. No filtration of the extract is required.

- Disadvantages:

1. Agitation is not possible in the Soxhlet device.

2. The possibility of thermal decomposition of tiaeget compounds cannot be ignored as the extracsoally
occurs at the boiling point of the solvent for addime[23].

Worldwide, most of solvent extraction units are dshoon Soxhlet principle with recycling of solvenBasic

equipment for a solvent extraction uifiig. 1) consists of a drug holder-extractor, a solventagiervessel, a
reboiler kettle, a condenser, a breather systermiiidmize solvent loss) and supporting structuiks & boiler, a
refrigerated chilling unit and a vacuum ujag].

A notable example is the extraction of carnosoirfrbabiatae herbs. Carnosol was thought to be tha awive
principle as it had been extracted and isolatecdiwentional extraction techniques. The true actiwmpound,
carnosic acid, was eventually isolatedS®yFE and carnosol was found to be an artifact resuftiogn the oxidation
of carnosic acid during the extraction by the catiamal techniquef25].
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Carnosic Acid Carnosol

2.Extraction of Aromatic Plants

The types of volatile isolates that are obtainechrmercially from aromatic plants are essential ailsncretes,
absolutes, pomades and resinoids. Essential eilsalated from plant material by distillation whas other volatile
isolates are obtained by solvent extraction.

Essential oils are used in a wide variety of cormugoods such as detergents, soaps, toilet prodiatmetics,
pharmaceuticals, perfumes, confectionery food prtedwsoft drinks, distilled alcoholic beveragesréhdrinks) and
insecticides. The world production and consumptibassential oils and perfumes are

(Fig. 1) Soxhlet Extraction of Plant

increasing very fast. Production technology is ameatial element to improve the overall yield anglity of

essential oil. The traditional technologies peitajrto essential oil processing are of great sigaifce and are still
being used in many parts of the globe. Water thtitth, water and steam distillation, steam distitin, and
maceration and are the most traditional and comynesgd method6, 27]

Maceration is adaptable when oil yield from diatibn is poor. Distillation methods are good forwpered
almonds, rose petals and rose blossoms, whereansaeixtraction is suitable for expensive, delicatd thermally
unstable materials like jasmine, tuberose, andihtracWater distillation is the most favored methafdproduction
of citronella oil from plant materig28].
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Drawbacks of Conventional Methods of Essential Oil&xtraction:

1. Common distillation techniques are capable ofating volatile chemicals having boiling pointstiin a

relatively narrow range. For this reason, losselksath very light and heavy fractions are often wid&ble during
the distillation of natural aromatic materials.

2. During distillation, chemicals contained in rralumaterials may undergo thermal reactions arefats are often
formed. Therefore, distilled oil contains both matucompounds as well as their thermal decompesiiemducts.
As water and steam distillation processes are usallg accepted such oils are considered as nagtural oils. The
oil distilled may not therefore represent the todeur of the aromatic material from an olfactoryrmpof view.

3. Distillation does not separate closely boilingpstances regardless of differences in their clteymis

4. Distillation is inappropriate if the recovery nce amounts from a bulk mixture is desired evben the boiling
points are markedly different.

5. Distillation is quite inefficient in recoverirgroma chemicals from dilute aqueous media, sudfydsosols and
fruit juices.

3.Modern (Non-traditional) Methods of Extraction of Essential Oils

Traditional methods of extraction of essential bitsve been discussed and these are the methodsvidebt used
on commercial scale. However, with technologicalaactement, new techniques have been developed wiagh
not necessarily be widely used for commercial potidn of essential oils but are considered valudbleertain
situations, such as the production of costly esslewils in a natural state without any alteratiof their
thermosensitive components or the extraction cdregd oils for micro-analysis. These techniquesas follows:

» Headspace trapping techniques

« Static headspace technique

» Vacuum headspace technique

» Dynamic headspace technique

 Solid phase micro-extraction (SPME)

 Supercritical fluid extraction (SFE)

» Phytosol (phytol) extraction

» Protoplast technique

» Simultaneous distillation extraction (SDE)

» Microwave distillation

» Controlled instantaneous decomposition (CID)

» Thermomicrodistillation

 Microdistillation

» Molecular spinning band distillation

* Membrane extraction

Il. Innovative Extraction Techniques:

Several new extraction techniques for improvindgcefhcy and selectivity are now replacing the tiiadial methods
of extraction. These novel extraction methods ideléiccelerated Solvent Extraction (ASE), Subcritical Vter

Extraction (SWE), Supercritical Fluid Extraction (SCFE), Microwave Assisted Extraction (MAE) and
Ultrasound Assisted Extraction (UAE)

Developing an alternative rapid, sensitive, safergy conserving extraction technique is highlyirddse. We need
simplicity in application of new technique with misk or danger, no need to toxic and / or radie&ctthemical
input, cheaper and with less input — low process,dtexibility and functional usage, adaptationdifferent field

easily, automation and validation.

1.Accelerated Solvent Extraction (ASE):

Accelerated solvent extractioA$E) or sometime called pressurized solvent extradiRE) or pressurized liquid
extraction PLE) is a technique which has been developed as amative to current extraction methods such as
Soxhlet, maceration, percolation or reflux, offgrimvantages with respect to extraction time, stlgensumption,
extraction yields and reproducibilitfFig 2,3,4) It uses organic solvents at elevated pressuretemgerature in
order to increase the efficiency of the extractwocess. Increased temperature accelerates thactiodr kinetics
and elevated pressure keeps the solvent in thil lgjate, thus enabling safe and rapid extracti@fs 30, 31, 3R
Furthermore, high pressure forces the solvent thto matrix pores and hence, should facilitate ettva of
analytes. High temperatures decrease the viscositye liquid solvent, allowing a better penetratiaf the matrix
and weakened solute matrix interactions. Also, akxy temperatures enhance diffusivity of the sdlvesulting in
increased extraction speed. Solvents can be seélbated on the polarity of the analyte and comjhigtitvith any
post-extraction processing steps and quantificaguripment. In additiorASE technology is automated.
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For rapid and efficient extraction of analytes frealid matrices such as plant materialsraction temperature is
an important experimental factor, because elevédathberatures could lead to significant improvementshe
capacity of extraction solvents to dissolve thelyrs, in the rates of mass transport, and in ffec&veness of
sample wetting and matrix penetration, all of whiehad to overall improvement in the extraction aedorption of
analytes from the surface and active sites of ssdithple matrices. To achieve all these advantagjesated
pressureis required to maintain the extraction solventsnalquid state at high temperatures (usually abtheir
boiling points) B3, 34. In addition to extraction temperatuthe choice of extraction solvents another important
factor. Most ASE applications reported in the literature employ&é@ trganic solvents commonly used in
conventional techniques, e.g. methanol, in whicmynarganic compounds are very solutASE was used for the
extraction of paclitaxel (commonly known as taxehich has anticancer activity), from the bark Tedxuscus
pidata and showed that use of water alone as the exdrastilvent is a viable alternative. It was foundtthse of
hot water as the extraction solvent under atmosploerhigher pressure conditions was very efficiiemtextracting
many phytochemicali85]. The use oASE with subcritical water as the extractant for th&gaction and analysis of
analytes from medicinal plants might have interggtpotential, because water is inexpensive, noittcnd
environmentally friendly.

(Fig. 2) Accelerated Solvent Extraction Up to 24 saples (Phytochemistry Dept., NRC)

(Fig. 3) Accelerated Solvent Extraction (single-desystem)
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(Fig. 4) Scheme of an ASE apparatus

Also, by simply increasing the temperature at camispressure, the relative permittivity of waten ¢ reduced, so
that analytes with a wide range of polarity carekiacted.

Most research publications before 2000ABE were associated with environmental analysis lgesthen, use of
PLE for extraction of botanicals with medicinal pesties has increased considerably. Also, an inkdegview of
ASE applications in food and biological samples walslished[33].

ASE has been reported to be more efficient than atlkraction methods by consuming less solvent aladvig
faster extractionTable 1).

(Table 1) Advantages & Dis-advantages of Using Adegated Solvent Extraction Technique

Advantages Dis-advantages

1. Better extraction kinetics due to increased opegafi 1. Extraction is performed at elevated temperatunes thermal degradation is
temperature. a cause of concern, especially for thermolabilepmmds in the extracts.
2. Processing parameters can be altered to extrafetradif | 2. Selectivity is mainly affected by varying the saivéype. Extraction tends tp
components or to increase selectivity. be exhaustive leading to nonselective extractions.
3. Better method precision and reproducibility compate | 3. Post-extraction clean up step is still necessary.
conventional method€,43.

4. Inert atmosphere (nitrogen) reduces oxidation refk
compound compared to conventional extraction psEses

5. Method development is relatively simple compare8 .
6. Shorter extraction time and reduced solvent consiomp
7. Possibility for automation

Factors affecting (ASE)

e The effect of pressure:

The elevated pressure serves to maintain the doimethe liquid phase during extraction and to easthat the
solvent remains in contact with the sample. Sorsearchers reported that pressure had little effiethe extraction
process 36, 29, 3T. However, others suggested that high pressurdtnimgrease extraction efficiency by forcing
the solvent into the matrix pores demonstrated tatpressure effect was matrix-depend8idt B8 39]. In their
investigationsASE carried out on tea leaves at temperature of 70L80c°C resulted in lower caffeine yields when
the pressure was increased above 100 bars. Thatedepressure might have caused compression afofheea
matrix, reducing the efficiency of transport of tt@mpound out of the matrix and penetration ofgbkwent into all
areas of the matrix.

» The effect of temperature:

In ASE, extraction is usually carried out above the bgilpoint of the solvent to improve the extractionekics by
the disruption of matrix-analyte interactions (ivan der Waals forces, hydrogen bonding, dipoleradtions),
increased molecular motion of solvent molecules amidanced compound solubility in the extractiorvent as a
result of the elevated temperatuB9] 10; 31; 40; 32; 41 Increasing the temperature of extraction avated
pressure also reduces the dielectric constanteobthanic solvent used]]. At elevated pressure, the dielectric
constant of water would decrease, rendering it fedar and thus more solubilizing towards orgarampounds.
Studies replacing organic solvents with water, peessurized hot water extractioRHWE) have also been
performed §0, 42, 43, 44, 45, 46, it has also been argued that the temperatueetsfivere more important for
solvents that modified the matrix but less sigaifitfor those governing the extraction of anal{#&s.
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» The effect of static extraction time:

During the static phase of extraction, the diffastd compounds from the matrix into the solventussawithout the
outflow of solvent from the extraction vessel. Aetend of the extraction process, the extractlleated by rapidly
flushing the extraction cell with fresh solvent agud inert gas, nitrogen. An increase in the statiraction time
generally increases the extraction yield until 8tium is reached, increasing the static extractime further does
not result in further improvement on compound regg\29].

» The effect of flush volume:

The flush volume, typically 40 — 60 % of the cetllume, is the amount of fresh solvent that is useflush the
sample at the end of the extraction proc&8&% [This serves to discharge the previous volumsobfent used in the
extraction into the collection vial. While it wagported increased yields of active compounds fAamgelica
sinensis with reduced flush volumegt], flush volume was reported to have no significaffect on extraction
yields of Cortex Dictamd7]. The effect of flush volume on PLE was not aselydstudied as that of other process
variables.

* The effect of vessel void volume:

Reduction of vessel void volume with an inert pagkimaterial ensures better solvent-matrix conteeduces
analyte oxidation due to presence of air, and reslisolvent consumptior3Z]. Diatomateous earth is commonly
used especially if the material to be extractedtexas a fine powded§]. Neutral glass has also been used as a
dispersant to reduce the volume of solvent useextraction 89,49,50.

2.Subcritical water extraction (SWE):

Principles and instrumentation:

Subcritical water extractiorSVE), i.e., extraction using hot water under presshas, recently emerged as a useful
tool to replace the traditional extraction metho88VE is an environmentally-clean technique that, initola
provides higher extraction yields to extract seslismples$1].

SWE is carried out using hot water (from 1@until 374°C, the latter being the water critical temperatunedler
high pressure (usually up to 10 bar) enough to taairwater in the liquid state. The most importtaator to take
into account in this type of extraction proceduisethedielectric constant §). This parameter can be modulated
easily, within a wide range of values, by only ipthe extraction temperature. Water at room teatpeg is a very
polar solvent, with a dielectric constant closeB® However, this level can be significantly deseshto values
close to 27 when water is heated up to Z50while maintaining its liquid state applying psase. This dielectric
constant value is similar to that of ethanol behmgyefore appropriate to solubilize less-polar coumls 52].

Basically, the experimental set-up needed to usetéichnique is quite simple. The instrumentationsists on a
water reservoir coupled to a high pressure pummtteduce the solvent into the system, an oven,rathe
extraction cell is placed and where the extractikes place, and a restrictor to maintain the presalong the
extraction line. Extracts are collected in a cdtbewial placed at the end of the extraction systédditionally, the
system can be equipped with a coolant device ffimeacontrol of the temperature. Also the instrutagion can
include a nitrogen circuit to purge the system aheeextraction is completdéig. 5).

To the best of our knowledge, up to now there ispecific device commercially available fSWE. That is, all
published results were obtained using home-madée&e®\by adapting a gas chromatographic o) p4, 55
designing a new type of oveh€], in anSCFE system $7,58 or in a commercially availablaSE device p9, 6(Q.

Organic
Water solvent
pump putpp Cooling
coil
Prﬁssure Valve
release
valve \

—T 11— valves &

Oven

Sample
collect

Heating Extraction
coil cell

i) —

(Fig. 5) Schematic diagram of the basic SWE equipme
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Although this technique has been mainly used irthhgirocesses, there is a work published about thine
coupling of aSSWE system tdHPLC equipment via a solid phase trappibd][

Extraction from plants using SWE:
Subcritical water extraction has been widely agpti extract different compounds from several valglet matrices.

 Extraction of antioxidant compounds of rosemary bySWE :

One of the most deeply studied materials has besantary Rosmarinus officinalis L.). The extraction of
antioxidant compounds of rosemary 8WE testing a wide range of temperatures was studisa. in this work, an
exhaustive characterization of the extracts obthinas carried out. Several temperatures, from 250®C were
tested to study the extraction selectivity towaadBoxidant compoundp).

There was a clear effect ofater temperature on the extraction yield, increasing at higher aation temperatures.
It was found that the most polar compound flosmanol) was the main compound extracted at low tempezat(r
25C). When the extraction was performed at ZD0a decrease on the capability of water to digstie most polar
compounds was observed, while a high concentratfoother kind of compounds, as carnosic acid of imad
lower polarity, was obtained. Besides, the podggjbib obtain antioxidant extracts comparable tos#h achieved
using supercritical carbon dioxide extraction wamdnstrated.

In addition to antioxidants from rosemary, B&/E of aroma compounds has been also studied fopthig [63]
and other plants as savoSafureja hortensis) and peppermint\ entha piperita) [64].

 Extraction of essential oil from coriander Coriandrum sativum L.) seeds:

The application ofSWE in the extraction of essential oil from coriand@oriandrum sativum L.) seeds was
studied. Ground coriander seeds (3-4 g) were stdgjdo SWE with water for an extraction time of rhfn under
several extraction conditions (pressures of 870 H3@D psi and temperatures of 65, 100 and ‘€30 The SWE
method was compared with hydrodistillation perfodny treating 10 g of ground coriander seeds with L of
water for 3 hours. Compounds were removed from g@faeous extract with hexane and determined by gas
chromatography mass spectrometry (GC-MSD). It wamd that the efficiency (g oil/g of coriander) SWE was
higher than that provided by hydrodistillation witbduced extraction time. The major compounds fowede
linalool, isoborneol, citronellyl butyrate and geia. SWE method has the possibility of manipulating the
composition of the oil by varying the temperatund adjusting the pressuréy].

Some studies have been conducted to comP@AfE to traditional extraction methods (such as Soxaldtaction).
Thus, clove $yzygium aromaticum) extractions were performed by Cliffort al. [66] who demonstrated that the
amount of eugenol and eugenyl acetate recoverexd ssibcritical water at 150 °C was similar to thaeshieved
using Soxhlet extraction and hydrodistillation. $aecompounds are well known to possess antioxigiaerties
similar to other natural compounds suclugecopherol §7].

Interestingly, in generathe use of subcritical water extraction provides anumber of advantages over
traditional extraction techniques (i.e. hydrodistilation, organic solvents solid-liquid extraction).These are,
mainly, low extraction times, higher quality of theextracts (mostly for essential oils), lower costf extractant

agent, environmentally cleaner technique, and betteand adjustable selectivity that can be easily chged by

tuning the extraction temperature [68].

These advantages have been verified on severdsaraurel§9], fennel [70], oregano 71] and kava 72], among
others.Ozel et al. studied the extraction of essential oil frimymbra spicata considering the influence of several
factors such as temperature (100, 125, 150 and@)Sressure (20, 60 and 90 bar) and flow rate2(&and 3
ml/min) for dynamic extractions. In this work, ia® proved that the best extraction yields (3.7 %evobtained at
150°C and 60 bar using a flow rate of 2 ml/min for 3thates. Later, an analysis of the extracts, by rme#m
two-dimensional gas chromatography-TOF-Mass speeiy demonstrates the type of compounds selegtivel
extracted under the mentioned conditions. Moreother, essential oils ofimbra spicata were found to inhibit
mycelial growth of the several fungi speciés][

Subcritical water under pressure, and held at teatpees between 110-160°C was utilized for theaetion of

anthocyanin-based pigments from fruit berries (botet and dry), such as elderberry, raspberry, bihe
chokeberry; and their associated stems, skinspantces{4].
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(Fig. 6) Lab. Scale CQ Extractor

Supercritical Fluid Extraction (SCFE):

A supercritical fluid is an element or compound abds critical pressure and temperatur8]|[ In this state, it is
compressible and possesses both the propertiegas and a liquid, providing the supercriticaldlwith improved
solvating power and has an edge over conventigqatls. The main attraction of SCKEig. 6) is the use of carbon
dioxide (CO,) as the solvent. Unlike most organic solveff), is not as harmful environmentally and has been
described as a “green solvent”. It is an inexpensielatively inert and non-inflammable gas of ltaicity, with
easily achievable supercritical conditions (Tc 33C, Pc = 73.8 bar(Fig. 7, 8) SupercriticalCO, has virtually no
surface tension, thereby allowing better penetnaitnto botanical matrices compared to liquid sotgsefn added
advantage is the possibility of conducting solvess extraction wittSCFE, asCO, would simply depressurize,
subsequently depositing the extract into the ctilacvessel. HoweverCO, is a nonpolar fluid and has no
permanent dipole moment. Thus, there is limiteditgtidb dissolve polar or high molecular weight geounds 76;
77, 78; 79. (Table 2).
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(Fig. 8) Phase Diagram of CQ as Tc is the Critical Temperature (31.3 °C)
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Extracting Solvent and Pc is the Critical Pressur€73.8 Bar)

The extraction of natural products with supercaitifiuids, especially with carbon dioxide, has fdumumerous
large-scale applications in the food and perfundustries including, for example, the decaffeinatafncoffee
beans, extraction of bitter principles from hopsyaction of essential and pungent principles frepices, natural
food colorants, and extraction of essential oils gerfumery ¥5. Numerous applications of analyticBCFE to
various herbs and natural products classes have peklished $0, 81. Despite these reports, the number of
industrial-scale applications @CFE in medicinal plant extraction has remained veryakknfirst of all, the
lipophilic nature of supercritical carbon dioxidashbeen a major limiting factor. Many natural praduclasses
which are of importance as pharmacologically aciubstances in medicinal plants, such as phenalikaloids
and glycosidic compounds, are poorly soluble iboardioxide and hence not extractal@€FE protocols for the
extraction of selected medicinal plants are undaretbpment. Addition of polar co-solvents (modigeto the
supercritical solvent is known to increase sigaifity the solubility of polar compounds. Typicallpodifiers are
selected to interact strongly with the compoundsntérest. The most widely used modifiers are nmedhand
ethanol, which undergo dipole—dipole interactiond Aydrogen-bonding with polar functional groupbeTdensity
and dielectric constant, and hence the solvatingepoof supercritical carbon dioxide depends ompiessure and
temperature 15, 81. Increase in the pressure enhances the solulgfitgolutes such thadCFE at very high
pressure could represent an additional possiltdifycrease the solvating power of the extractlaidf MostSCFE
applications have been carried out in the pressurge between the critical pressure of carbon dex=ind ca. 300
bar B1]. Few examples of the extraction of natural prasat higher pressures have been published, arstdpe
of these applications is very limited. The currenarcity of high-pressur8CFE applications is mainly due to
technical limitations of most analytical and pikitaleSCFE equipment. Recently, laboratory and pilot-scal& SF
instruments operating at pressures well above 508 have become available. Therefore, the poteatial
limitations of natural product extraction by comibip very high pressures (300 bars) and a pharmiaadiyt
acceptable polar modifier (ethanol) was explored more systematic manner.

(Table 2) The Advantages and Disadvantages of th&€BE Process

Advantages Dis-advantages
1. Enhanced extraction efficiency. 1. High capital investment.
2. Tunability of the solvent strength. 2. Large number of variables to optimize
3. Low organic solvent consumption. 3. Strong dependence on matrix analyte interactions.
4. Preservation of bioactive properties and organmemtoperties| 4. Difficulties in scale up and technology transfer.
of the extracts 5. Difficulty in implementing continuous extractionquesses

5. In-line integration with sample preparations andtedgon | 6. Difficulty in extracting more polar compounds.
methods.
6. High capital investment.

Factors Affecting SCFE:
Sample preparation, sample size, particle size ogemeity of sample, water/moisture content, dnagegnt (type,
ratio), vessel volume and packing density.

Extraction Parameters
Supercritical fluid (extractant), pressure, tempae flow rate, modifier (type, amount), extraatitime and
restrictor temperature.

Trapping:
Collection technique, liquid trapping solvent otiddrapping agent used, trap size or solvent vauoollection
temperature, trap elution solvent, trap elutiorumad and temperature and flow rate.

The Effect of Modifier

A polar modifier is usually added to improve théukdity of the more polar analyte in the supeiicat fluid or to
competitively displace the analyte from the ma#ctive sites§2, 83. Polar modifiers ,such as water or methanol,
have the added advantage of inducing swelling efrttatrix thus improving accessibility to more reenatatrix
interior sites §4, 83.

The addition of a modifier is reported to incre#fse yield of the analyte of interest by up to thfele [86,87. The
most common modifier used is methanol which hagkeat hydrogen bond donating and accepting pragsesand
is thus useful for extracting polar analytes, alifio ethanol is sometimes usg8-91]. Methanol-modified CQ
also led to the recovery of an additional flavanémen Osage orange tre®lfclura pomifera) root bark[88]. This
additional flavanone was absent in the extractainbt by the conventional solvent extraction meshod
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In some cases, watf85, 91, 92, 93jas well as natural plant 0il91,94 were used as modifiers. The addition of a
modifier will, however, add to the complexity oEtBCFE system.

First and foremost, the critical conditions of thestem will change with the use of a modifier and éxtraction
conditions must be modified to ensure a homogensimggde phase of the extractant fluid.3€-CO, extraction, it
is recommended that temperature should be increasacbund 70-80 °C with the addition of 10 % v/edifier,
although lower temperatures have been used iniped86].

Secondly, there may be poorer selectivity for thalge due to increased co-extraction of unwantdestainces
[9€6]. Thirdly, the modifier may condense on the sqllthse trappings, reducing the transfer efficiencgralyte
from CO, to the solid phasf95]. Hence, a modifier should only be used when irgingathe SF density fails to
extract the compound of interest. Even so, poddgienay still result despite the use of high extoacpressures
and modifiers. Yields of polyphenolic and glycosidiompounds from hawthorne, marigold and chamomées
shown to remain low even at a high extraction pressf 689 bar, with 20 % ethanol @0, [97], and hypericin
yields remained low despite addition of ethanch asodifier[98].

3.Microwave assisted extraction (MAE):

Microwaves are non-ionizing electromagnetic wavefrequency between 300 MHz to 300 GHz and pos#ibn
between the X- ray and infra-red rays in the etenfignetic spectrurf®9]. Unlike conventional heating which
depends on conduction convection phenomenon witgnteally much of the heat energy being lost to the
environment. Whereas in caseMAE (Fig.9), heating occurs in a targeted and selective manitlerpractically no
heat being lost to the environment as the heatiogurs in a closed system.

This unique heating mechanism can significantlyuoedtheextraction time (usually less than 30 min) as camga
to Soxhlet [8]. The principle of heating using microwave is basagon its direct impact with polar
materials/solvents and is governed by two phenomenionic conduction and dipole rotati¢Rig. 10). Both of
them are responsible for heating of substarit86,101] which in most cases occurs simultaneou88j. lonic
conduction refers to the electrophoretic migratéions under the influence of the changing eledigld.

(Fig. 9) Microwave assisted extraction (MAE) (Phytochemistry Dept., NRC)

The two types of oscillating perpendicular fieltiatt generate microwaves are the electric field madnetic field
(Fig. 11) The resistance offered by the solution to theratign of ions generates friction, which eventudibats
up the solution. Dipole rotation means realignnarthe dipoles of the molecule with the rapidly obing electric
field. Heating is affected only at a frequency 46@ MHz[18].
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(Fig. 10) The principle of heating using microwave
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(Fig. 11) Electric and magnetic field components imicrowaves

Only dielectric material or solvents with permandigoles do get heated up under microwave. Theieffcy with
which different solvents heat up under microwavpetels on the dissipation factor, which is the measi the
ability of the solvent to absorb microwave energg pass it on as heat to the surrounding molequis (Table
3) lists solvents that are commonly usedAE with their physical microwave characteristjt82].

(Table 3) Physical Properties of Common Solvents

Solvent b. p. (C 3 £ Tand | Microwave absorbance
Ethylene glycol 197 37.0] 49.950 1.35Q0 very good
Dimethyl sulfoxide 189 45.0| 37.125 0.82% good
Ethanol 78 24.3| 22.866 0.941 good
Methanol 63 32.6| 21.483 0.659 good
Water 100 80.4| 9.889| 0.123 medium
1-methyl-2-pyrrolidone 204 32.2] 8.855| 0.27 medium
N,N-dimethylformamide 154 37.7] 6.070| 0.161 medium
1,2-dichlorobenzene 180 9.9 2.772| 0.28Q medium
Acetonitrile 81 37.5| 2.325| 0.064 medium
Dichloromethane 40 9.1 0.382| 0.042 low
Tetrahydrofuran 66 7.4 | 0.348| 0.047 low
Toluene 110 2.4 0.096| 0.04Q very low

Instrumentation:
Microwave systems for extraction and laboratory argeavailable in two forms:

» Closed extraction vessels/Multi-mode microwave @ven
» Focused microwave ovens.

The extraction in a closed extraction vessel/ Multide microwave oven is brought about by controfeglssure
and temperature. Whereas in focused microwavetegsioxhlet or solvent extractioRNIASE), as the name
indicates, only the part of the extraction vessmitaining the sample is focused for irradiationhwibicrowave.
Both the closed vessel type and the focused typea@ailable commercially as multimode and singl@denor
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focused systems. A multimode system allows rand@pedsion of microwave radiation within the microxga
cavity, so every zone in the cavity and sampleréliated evenly103].

Extraction technique

Even though dried plant material is used for exioacin most cases, but still plant cells contaimute microscopic
traces of moisture that serves as the target forawave heating. The moisture when heated up irthiel@lant cell
due to microwave effect, evaporates and genensesehdous pressure on the cell wall due to swetlingpe plant
cell [102]. The pressure pushes the cell wall from insidestching and ultimately rupturing it, which facdtes
leaching out of the active constituents from thgtutes cells to the surrounding solvent thus imprgvhe yield of
phytoconstituents. This phenomenon can even be muasified if the plant matrix is impregnated hviolvents
with higher heating efficiency under microwave. hitg temperature attained by microwave radiationtgattolyze
ether linkages of cellulose, which is the main ¢idmsnt of plant cell wall, and can convert intdume fractions
within 1 to 2 min.

The higher temperature attained by the cell waitjrd) MAE , enhances the dehydration of cellulose and redtges
mechanical strength and this in turn helps solverdccess easily to compounds inside the [¢6H]. Microwave
treatment affects the structure of the cell duthosudden temperature rise and internal presearease. During
the rupture process, a rapid exudation of the cte&nsubstance within the cell into the surroundintyents takes
place. The effect of microwave energy is strongdpehdent on the dielectric susceptibility of bdta solvent and
solid plant matrix. Most of the time, the samplénsnersed in a single solvent or mixture of solgethiat absorb
microwave energy strongly. Temperature increaseetpation of the solvent into the matrix and cdnsints are
released into the surrounding hot solvent. Howa@veome cases only selective heating of sampleixratbrought
about by immersing the sample in a microwave traraut solvent (hexane, chloroform). This approael tested
for thermo labile components to prevent their ddgti@n[18, 99, 102]

Factors Affecting Microwave Extraction:

» Solvent nature and volume:

A correct choice of solvent is fundamental for @fitay an optimal extraction process. Solvent chdareMAE is
dictated by the solubility of the target analytg,tbe interaction between solvent and plant magind finally by the
microwave absorbing properties of the sol@&8f. Preferably the solvent should have a high seliggtiowards the
analyte of interest excluding unwanted matrix congrds.MAE can also be performed with the same solvent as
used for the conventional extraction methods. H@aethe optimal extraction of solvents fdiAE cannot always
be deduced from those used in conventional proesdufhe use of ethanol as an extracting solvent gav
significantly higher yield than hexane extractidhis can be accounted due to the difference iredigt properties

of the solvent. Hexane is transparent to microwawe so does not heats up under microwave, wheteasat has
good microwave absorbing capacity and hence hegatéaster and can enhance the extraction processs Th
dielectric properties of the solvent towards micase heating play an important role in microwaveaotton. Both
the efficacy and selectivity MAE depend significantly on the dielectric constanthaf extracting solvent mixture
[105, 106]

Adding small amount of water in the extracting solivcan penetrate easily into the cells of the tphaatrix and
facilitate better heating of the plant matrix.

Solvent freeMAE (SFMAE) was also investigated for the extraction of \itdabil from several aromatic herbs
where the natural moisture content of the plantenatserves as the heating source and no extgastitvent are
used[89,107] Volume of the extracting solvent is also a critical factdhe overall knowledge is that the solvent
volume must be sufficient to ensure that the phaatrix is always entirely immersed in the solvéwbtighout the
entire irradiation tim¢102]. Thus a careful optimization of this parametesfiprimary importance iMAE .

* Extraction time:

As in other extraction technique, time is anotharameter whose influence needs to be taken intouatc
Generally, by increasing the extraction time, thartgity of analytes extracted is increased, althahere is the risk
that degradation may occ|ir08,109]

e Microwave power:

Microwave power and irradiation time are two sueletérs, which influences each other to a greatnext&
combination of low or moderate power with longepesure may be a wise approach. Rapid rupture ofacel
takes place at higher temperature when kept athigbwer, as a result together with the desiretiymsaimpurities
are also leached out into the solvent. Whereasvaipbwer levels the cell wall rupture might takaq# gradually
this enables selectivdAE [110].
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» Matrix characteristics

The plant particle size and the status in whidh firesented foMAE can have a profound effect on the recoveries
of the extraction efficiency. Fine powder can erdearthe extraction by providing larger surface amhich
provides better contact between the plant matnx, the solvent, also finer particles will allow imped or much
deeper penetration of the microwave. The statubeplant matrix presented fMAE also needs to be evaluated
during the extraction process. Sample pretreatmeat to MAE can bring about effective and selective heating of
the plant matrix. The plant matrix may be seledyiveeated by microwave with the extracting solvemtrounding
the sample transparent to microwave. This appr@achiready explained earlier can be used for thaation of
thermo labile constituents. Presoaking of the dpkht material in the extracting solvent priorM@&E improved
the yield[102].

* Temperature

Microwave power and temperature are very intereelab each other and needs to be given speciaitiatie
particularly when working with closed vessel systémclosed vessel systems, temperature may reathatnove
the boiling point of the solveri®9]. This elevated temperature will result in imprayiextraction efficiencies since
desorption of analyte from active sites in the mmatvill increase. Additionally solvents have highempacity to
solubilize analytes at higher temperature whildasie tension and solvent viscosity decreases \sitfiperature,
which will improve sample wetting and matrix peion respectively. Temperature can be effectivalgtrolled
in open vessel system by proper combinations sfetihg solvents which heat up differently.

4.Ultrasound Assisted Extraction (UAE):

The mechanical effect of ultrasound acceleratesdlease of organic compounds contained withinpthat body
due to cell wall disruption, mass transfer intenaifon and easier access of the solvent to the ameitent.
Ultrasonic-assisted extraction is one of the imgarttechniques for extracting the valuable compsuindm the
vegetal material§l11], and it is quite adaptable on a small or largdes@ee. on a laboratory or industry scale)
[112]. The general ultrasonic devices are ultrasoniarstey bath and ultrasonic probe syst@fig. 12) The former

is suitable to sample preparation for analyticappse and the latter is efficient in large-scaleastion[112-114]

(Fig. 12) Ultrasonic Probe System (Phytochemistry &t., NRC)
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(Fig. 13) Ultrasonic Cleaning Bath (PhytochemistryDept., NRC)

Ultrasound Assisted Extraction synonyms
Sonication-assisted extraction or Ultrasonicatissisted extraction

« Direct Ultrasonic Application
Direct application is achieved through ultrasonicolfes, which are immersed into sample, performing
ultrasonication directly over the solution withauty barrier other than the solution itsefig. 12)

* Indirect Ultrasonic Application
Indirect application is performed, generally, usamy ultrasonication bath, the ultrasonic wave ndidsto cross
the liquid inside the ultrasonic device and theortuss the wall of the sample containeig( 13).

Factors affecting extraction efficiency:

Factors affecting extraction efficiency were exagdireither individually or in combination. Thesettas include:
(1) the nature of the tissue being extracted aaddbation of the components to be extracted vagpect to tissue
structures, (2) pretreatment of the tissue priativaction, (3) the nature of the components bektgacted, (4) the
effects of ultrasonics primarily involve superfictissue disruption, (5) increasing surface maasstef*'>'® (6)
intraparticle diffusion, (7) loading of the extriet chamber with substrate, (8) increased yieldexfracted
components and (9) increased rate of extractioricparly early in the extraction cycle enablingjor reduction
in extraction time and higher processing througlipiiv,118]

Living tissues where the desired components aralimad in surface glands can be stimulated to selethe
components by relatively mild ultrasonic stresgihtQ]. In tissues where the desired components aredldagithin
cells, pre-ultrasound treatment by size reductionntaximise surface area is critical for achievirgpid and
complete extractidft®'>!*®) Where pre-hydration is necessary to achieve etidors ultrasound effectively
accelerates the hydration procgks2]. Ultrasound induced cavitation bubbles presentdydobic surfaces within
the extraction liquid thereby increasing the nedrbphobic character of the extraction medium. Tihis possible
to extract polar components into otherwise hydriiplaiqueous extraction media, reducing the needyéorerally
undesirable hydrophobic or strongly polar extrattinedia. The disruption of tissue surface strustuserevealed
with microscopic examinatiofl12,121,122,115]

Ultrasonic equipment engineering is such that itasnmercially viable and scalable to consider itdaisscale
ultrasonic aided extraction. Potential exists foplging UAE for enhancement of aqueous extraction and alseevhe
organic solvents can be replaced with generallg safvents. UAE can also provide the opportunityedohanced
extraction of heat sensitive bioactive and food ponents at lower processing temperatures. Therdss a
potential for achieving simultaneous extraction amtapsulation of extracted components to proviaéeption
through the use of ultrasoni€Compared with other extraction techniques such as mrowave-assisted
extraction, the ultrasonic device is cheaper andstoperation is much easier [102,123]

UAE uses acoustic cavitation to cause disruption dif walls, reduction of particle size, and enhancemef
contact between the solvent and the target comsjtad].

The ultrasonic field enables generation, locallfyyrocro-cavitations in the liquid surrounding th&apt material.
The effects are two foldnechanical disruption of the cell’s wall releasing its content almtal heating of the
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liquid, increasing the extract diffusion. The kietnergy is introduced in the whole volume follagiithe collapse
of cavitation bubbles at or near walls or interfateus improving the mass transfer across the-§qliitl interface.
The mechanical effects of ultrasounds induce aterepenetration of solvent into cellular membramesls,
facilitating the release of contents of the cefld anprove mass transfgr25].

Instrumentation for Ultrasound-Assisted Extraction:

In UAE only a small portion of the ultrasound spectrunused, namely power ultrasound. Power ultrasound,
having frequencies between 20 kHz and 100 MHz,nake well known to have significant effects on tlager of
various physical and chemical processes such asinl degassing, solubilization, homogenizationyisification,
sieving, filtration, and crystallization. Powerrnalsound involves the mechanical and chemical effettavitation.
When a liquid is irradiated by ultrasound, microblgis form, grow, and oscillate extremely quicklgdaeventually
collapse powerfully if the acoustic pressure ishhégrough. These collapses, occurring near a saifdce, generate
microjets and shock waves that result in cleangéngsion, and fragmentation of the surface. Micszkarges due to
high electrical fields generated by deformation |mgmentation of the bubbles and the formatioradicals could

be responsible for the observed chemical effd&6].

The two ultrasound apparatus most commonly useextaction are theltrasonic cleaning bath and the more
powerful probe system For small extraction volumes, an ultrasound hasith the tip submerged in the fluid can
be sufficient. Large volumes of fluids have to baeisated in an ultrasound bath or in continuous @ontinuous or
recycled-flow sonoreactorid26]. Although most of the research effort in UAE hamaentrated on ultrasound
itself, some studies have also examined the coyiplgtiween ultrasound and other techniques. Wheiosth with
supercritical fluid extractionUAE enhances mass transfer of the species of intést the solid phase to the
extraction solvenf127].

UAE of bioactive compounds is increasingly efficient directly transferring knowledge into technologyr f
commercial development. This novel process canaeitanalytes under a concentrated form (low voluwfes
solvent) and free from any contaminants or artfatihe new systems developed so far clearly demonsteat the
advantages of UAE in terms of yield, selectivity, merating time, energy input, and even preservatiorof
thermolabile compounds [126]

5.Enhancing Values of Medicinal Plant Extracts by Nantechnology

Milling, grinding or pulverization objective is tproduce a suitable sized product for extractionektraction

processes, milling increases the surface area ltomoratio for improved solvent contact during tadraction

process. Raw material factors influencing the etima process include particle size and size distion, as well as
particle shape and bed packing properties of thienaa

The mechanical breakdown of the tough cellulosianplwall material which forms a barrier againstveat
extraction, also improves extractability from thetdmical material. It was also reported that findlimg of the
botanical matrix may lead to degradation of sewsitompounds as well as loss of volatile componéutig the
extraction process.

A high proportion of oversize particles would rednl under-extraction or inefficient extraction pesses. A large
particle size distribution was reported to resuliower yields and poor reproducibility.

Nanotechnologycan simply be defined as the technology at theessfibne billionth of a metrgl29]. Materials
exhibit unique properties at nanoscale of 1 to A@ometre (nm). The changes in properties areairetease in
surface area and dominance of quantum effects whialssociated with very small sizes and largeaserfarea to
volume ratio[130]. The unique features of nanoparticles have rajsedt expectations in the field of drug delivery
because of their potential to improve clinical edfiy of problematic drug compound431]. Besides,
nanoparticulate drug delivery systems offer exceyati flexibility as a wide variety of active ageritgluding
hydrophilic and hydrophobic drugs, proteins, vaesinand biological macromolecules may be delivered
numerous routes of administrati¢h32]. Some of the challenges of most drug delivery esyst include poor
bioavailability, in vivo stability, solubility, intestinal absorption, sasted and targeted delivery to site of action,
therapeutic effectiveness, side effects and plafiowuations of drugs which either fall below theinimum
effective concentrations or exceed the safe thetapeoncentrations. However, nanotechnology irgdialivery is
an approach designed to overcome these challengesodthe development and fabrication of nanosirest at
submicron scale and nanoscale which are mainlynpalic and have multiple advantag&29]. Nanotechnology is
strategic in developing drug delivery systems wigan expand drug markets. Nanotechnology can bkedpi
reformulate existing drugs thereby extending pregldives, enhance their performance, improve thereptability
by increasing effectiveness, as well as increafstysand patient adherence, and ultimately red@adth care costs
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[133, 134] Nanotechnology may also enhance the performahdeugs that are unable to pass clinical trial gisas
[134].

1.Enhanced Antioxidant Bioactivity of Salvia miltiorrhiza (Danshen) Products Prepared Using
Nanotechnology:

The antioxidant activities of the medicinal pl&alvia miltiorrhiza (Dansher) prepared using nanotechnology or
traditional grinding methods were compared usimgdhbiological assays. It was found that the narwtelogy
preparation had stronger antioxidant bioactivit@emplementary quantitative analysis of four acteastituents,
salvianolic acid B, cryptotanshinone, tanshinoraad tanshinone Il1A, by HPLC revealed only markeffedénces
for salvianolic acid B. The results indicate thhé tpolar active constituent in the nanotechnologmples was
released faster compared to the traditionally poedilsamplefl35].

2. Survey of herbal drugs formulated in nanodelivey systems:

1. Curcumin is a natural diphenolic compound derived from tim€urcuma longa and proven to be a modulator
of intracellular signaling oathways that controhcer cell growth, inflammation, invasion and ap@@prevealing
its anticancer potentidll36]. Free cucumin was shown not to be cytotoxic tamabrcells, including hepatocytes,
mammary epithelial cells etc. Curcumin also, suppes growth of several bacteria likK&reptococcus,
Saphylococcus, Lactobacillus, etc. Several types of NP have been found to be suitfahl¢he encapsulation or
loading of curcumin to improve its effects in candberapeutics. The characteristics of these cuirtum
nanoformulations can be tailored according to thecsic requirement for inducing cellular death barious
mechanismg136]. A simple way to improve the bioavailability of rcumin, protect it from degradation and
metabolism, and increase its targeting capacityatdweancer tumors is to formulate it in NP, suclpaymer NPs,
polymeric micelles, liposome/phospholipid, nanoémemulsions, nanogels, solid lipid nanoparticleslymer
conjugates, self assembliesand so on, in orderetived an active form of curcumin to tumof$37]. Safe
toxicological profiles of the various curcumin nanmulations and their efficacy in the cell line netal highlight
their potential for evaluation iim vivo models. Human trials need to be conducted to kstateir effectiveness in
clinical applications as an improved therapeuticaiiby for cancer treatmefit 36].

2. Quercitin (QU) is a well known flavonoid distributed ubiquitoysih fruits, vegetables and herbs or related
products, e.g., apples, oniofit38]. QU has been extensively investigated for its ptamological effects that
include antitumor, anti-inflammatory, antioxidamdahepatoprotective activitigd39]. Various techniques have
been used to increase the solubility @ including complexation with cyclodextrin and limoae [140].
Nanoparticles are particularly useful in drug detivfor water-insoluble compounds, because theg fiess than
1000 nm) can increase the absorption and the hiabildy of the delivered drug. A novel quercitmanoparticle
system QUEN) was prepared by simple nanoprecipitatja@89]. The QUEN were successfully developed by the
nanoprecipitation technique. Increased antioxidaotivities of QU from QUEN were correlated with the
improvements of physicochemical characterizatioth dissolution property. ThUBUEN may be applied in clinical
setting and warrant further studi@89].

3. Silymarin, silybin is a main biologiucally active componemt silymarin, which is an antihepatotoxic
polyphenolic substance isolated from the milk thisplant named silybum marianum, and has beenlyvigsed as
a therapeutic agent for a variety of acute andribriver diseasé¥™. However, the therapeutic effect of silybin is
discounted by its extremely poor aqueous solubilitiiich results in poor oral absorption and biokality. To
solve this problem, srveral approaches such as dfiiom of silybin-phospholipid complex, silymarin lisb
dispersions, silymarin encapsulated liposomesmsiln self microemulsifying drug delivery systendaso on have
been employed to improve the dissolution rate bybai or silymarin thus enhancing its bioavailatyifi*?. An
optimized nanoemulsion formulation consisted o6gke218 oil, tween 80 surfactant, ethanol cosudiai;thaving
low particle size and viscosity showed the AUC &hg, of the nanoemulsion after oral administration ¢odsfold
and 6-fold higher than those of drug suspensiailgiarin[142].

4. Naringeninis a natural flavonoid aglycone of naringin and elyddistributed in citrous fruits, tomatoes, chesti
grapefruit and cocoa. As a well known antioxidaompound, the bioactivity of NAR has been attributedts
structure activity relationship. The number of hysdil substitutions of NAR can donate hydrogen toR@llowing
acquisition of stable structure, thus enabling soging of these free radicals. In addition, NAR has extensively
investigated for its pharmacological activitieg;liding antitumor, anti inflammatory and hepatopotive effects.
Although NAR possesses excellent free radical sugimg ability and pharmacological activities, ctiai studies
showed hampering of its activities owing to itsrerte water insolubility. Novel drug delivery systegan greatly
improve the performance of drugs in terms of efficasolubility and bioavailability. Particularly,anoparticle
system is an emerging highly promising technolaggmhancing drug delivery. Novel NAR- loaded nambpias
could enhance the drug’'s hepatoprotective, antaichnd antiapoptotic effects in ameliorating £e@ixicity-
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triggered necrosis and apoptosis. The small pariite was an important factor for acquiring optimavivo
efficacy. Nanoparticles could be used to improwmabailability of NAR on oral administration. NAR miis further
investigation for clinical application as in propdayis of chronic liver diseas¢$43].

(Table 5) represents examples of some phyto-constituentactgt from medicinal and aromatic plants using
innovative extraction methods.

Some Applied Research Results Throughout project ID973 Funded by STDF:

1.Extraction and Evaluation of medicinal plants extracts (Cynara scolymusL.):

Three Samples of 50 g of dry leavesQyhara scolymus L. (Artichoke) were extracted by 3 different extraati
methods for eactiz. traditional, microwave and sonicator meth§ti28].

Evaluation of the efficiency of the extraction nmis was done with respect to the total yield of ¢hained
extracts as well as the standardization of the raafive constituentsT@ble 4) summarizes the obtained yield for
the extracted plants.

HPLC analysis of Cynara scolymus L. extracts:

HPLC was applied to quantify letuoline-7-glucosidblorogenic acid and cynarin in the differ&@ynara scolymus
L. extracts. Cynarine, chlorogenic acid and Lutecliglucoside appeared at Rt 12.579 min, 8.151 ah@9Imin;
respectively Table 4).

(Table 4) shows the total yield percent & percentags of cynarine, chlorogenic acid and Luteolin-7-gkoside in the different prepared
extract

Extraction Total Cynarin%, Rt | chlorogenic acid%, | Luteolin-7-glucoside%,
method Yield % 12.579 min Rt 8.151 min Rt17.391min
Microwave 30% 1.936% 50.607% 6.62%
Sonication 18% 2.123% 50.761% 5.76%
Traditional 17% 1.406% 18.02% 4.29%

Microwave extraction technique seems to be ecoralpigpromising, simple and efficient. The total extion
yield was 30% while that produced by traditionaltihhoel was 18%. Ultrasonic assisted extraction yil#ié% of
the total extract which is not significantly diféart than the traditional method extract. Theseesrpnts
demonstrate that the use of microwav€ymara scolymus L. extraction produced the highest yield.

From this table we can conclude the following:

» Both microwave-assisted extractioMAE) and sonication assisted extraction have showrertbance the
extraction efficiency of the interested componeMirowave-assisted extraction gave the highedtyaé extract
as well as higher percentages of both cynarin atablin-7-glucoside than those detected in theaekfprepared by
traditional method.

» Despite ultrasonic assisted extraction gave a lexgaction yield than the traditional method, percentage of
both cynarin and luteolin-7-glucoside were higheit$ extract than the traditional method. Chlomigecid; which
is the most potent compound in Cynara scolymus gregjpns (BP 2009); was obtained in 3 folds by rieev
techniques.

e The utilization ofMAE and UAE techniques has proven to be a much simpler ana reffective than the
conventional extraction methods for obtaining acttempounds fror@ynara scolymus L .

In conclusion, comparison of these extraction methods revedlatthey produce extracts with similar qualitative
characteristics, however high quantitative diffesn
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(Table 5): Phyto-constituents extracted from medigial and aromatic plants using innovative extractiormethods

No. Plant, 22?283?12’ Extraction Method Performance | Ref.
1 Anthraquinqnes _frqm' the US 38.5 kHz bath U_AE reduced the ;ime of extract_ion and increasettaetion [144]
roots of(Morinda citrifolia) yield compared to silence maceration.
The concentration of artemisinin at an extractiometof 60 min
2 Artemisinin  ofArtemisia US 40 kHz bath shows a percentage increaseo of approximately 58%n'wh[145]
annua leaves ultrasound is applied at 25 °C compared to conueati
maceration.
3 | Vvaniliin of vanilla pods US 22.4 kHz probe The use of UAE increasec_i significantly extractidficeency [146]
compared to soxhlet extraction
MAE was about 10 times faster than conventionataekion
acid from the roots o Open vessel microwave methods including extraction at room temperatuoxh&t, heat
4 | Glycyrrhizic  Glycyrrhizia exriraction reflux and ultrasonic extraction. Optimal condigofb0-60%| [147]
glaubra ethanol, ammonia concentrations of 1-2% for 4-5
solvent/solid ratios of 10:1(mL/g)).
Extraction using MAE gave double the yield of capismid that
5 Capsaicinoids from Closed extraction vesselrecovered using shaken flask and heat reflux etibracnethods. [148]
capsicum fruit system Optimal conditions (acetone for 7 min and 30% povedr300
W)
Microwave accelerated distillation (MAD) offers ster
6 Essential oils from orange Open vessel microwave extraction times and better yields (0.42% again89% for [149]
peel extraction hydrodistilation). Optimal conditions ( solventérextraction for
30 min at 100 °C and 1000 W power)
Hydrodistillation, Both MAE and SFE enhanced the extraction efficientyhe
7 Essential Oil ofFoeniculum | supercritical fluid extraction interested components. MAE gave the highest [150]
vulgare Mill (Fennel) Fruits | and microwave assisteflyield of oil as well as higher percentage of Femeh@§28%),
technigues whereas SFE gave the highest percentage of an@id)).
PLE increased the extraction efficiency of isoflags when
8 | Isoflavones from soybeans PLE compared to shaking, vortexing, sonication, stiy@md Soxhlet [151]
Compared to magnetic stirring and ultrasound-assist
9 Catechin and epicatechin PLE extraction, PLE was a better methodology in terfeecovery, [152]
form grape seeds reproducibility and time efficiency, PLE optimum rehitions (
extraction using methanol for 10 min at 130 °C)
Total Extraction Yield and Effect of particle size (nanol Optimization of milling parameters was found to decrucial
10 | Silymarin Content of ticle) step in determining the extracted silymarin corgenfs | [153]
Slybum marianum L. Seeds. partic expected, a smaller particle size has led to higheraction
yield.
Silymarin content of UAE u_sing_20 kHz_ prob(_e and 40 kHz bath incregsed th
11 Silybum marianum seeds UAE extraction yield of silymarin when compared to cemtional | [154]
maceration
Eﬁec_t .Of Extraction Method - .| Both UAE and SFE enhanced the extraction efficieatyhe
12| 9N Lipid Contents of Thre¢ UAE, supercritical  fluid fatty acid of Celery, Parsley and Fennel. UAE gthes highest| [155]
Medicinal Plants off extraction and Percolation, : ’ ’
. " percentage yield.
Apiaceae
Enhanced Extraction Yield MAE, UAE and percolation | the highest glycyrrhizic acid content was obtainedsample
13 | of Glycyrrhizic Acid from ’ P 9 gyey! : p [156]
! prepared by ultrasound extraction
Glycyrrhiza glabra L.

DISCUSSION

The need for development of existing methods ofaexibn and the introduction of the new techniqu&gypt will
give rise to the discovery of new biologically &eticompounds from phyto-pharmaceutical sourceseNMesearch
is needed to improve the understanding of extragtiechanisms, remove technical barriers, improgel#sign and
scale up of the novel extraction systems for thetter industrial applications through:

1.Establishing novel technologyfor the extraction of medicinal and aromatic plamsEgypt (Transfer of
Technology) needs:

» Carrying comparative studies to assess the newiitaods results against the conventional ones. Thesbes
include quantitative and qualitative studies uding recent techniques for analysis e.g. High Pevdmice liquid
Chromatography (HPLC), High Performance Thin Lay€hromatography (HPTLC), UV spectroscopic
determinations.

 Establishing standard operating procedures foraetitm, new methods for herbal products standatidizand
establishing quality assurance and quality conpmaltocols according to the obtained results foruasg that
existing Egyptian essential oils and medicinal pktracts meets specifications and requirements

» Organizing workshops, seminars, training courses résearch institutes, universities and emphasizhng
attendance and contribution of the industrial seictierested in this technology.

1069



Khaled A. Shamset al J. Chem. Pharm. Res., 2015, 7(5):1050-1074

» Value addition of the medicinal plants can be aahieeither directly by improving the quality of thmant
material or indirectly by quality assurance of fflant material or the semi-processing of the makdd a value
added product (extraction process) through Introduamovel and innovative techniques for the extoactof
medicinal and aromatic plants to Egypt and Imprgvselectivity and efficiency of extracting the Eggn
medicinal and aromatic plants.

2.0ptimizing Extraction Techniques:
In all of the proposed methods of extraction theme several factors that influence the selectiaityg the efficiency
of the procedure.

These factors include the nature of solvent, teatpeg, time, power, pressure, matrix nature, angm@ntents of
the extracted materials. In addition to these facteverely interacting with one another, a statisbptimization
strategy needs to be adopted for determinatiohebptimum operating conditions. An orthogonal kg design
can be used for the extraction optimizationTafguchi approach [157] Design of experiments using Taguchi
approach can be effectively used for product armtgss designs, study the effects of multiple factm the
performance, and solve production problems by divjely laying out the investigative experiments.gliahi
method improves the quality of products and pracedsch is achieved when a higher level of perfono®is
consistently achieve[d 58]. The highest possible performance is obtaineddigrchining the optimum combination
of design factors. The consistency of performarscehitained by making the product / process insgasib the
influence of the uncontrollable factor.

3.Exploring the application of the different extraction techniques at semi pilot and pilot scales:

Egypt will have the opportunity to be a pioneer anfibcal point for this new technology in the ragididdle East
and Africa) and enlarge the industrial and soampact by transferring basic research to applied thneugh
different channels including:

 Scaling up and pilot experiments for model verifica.

» National cooperation between interested and inebbextors for production of valuable outcomes.
 Establishing a National Research and Developmetwdik for Egyptian Medicinal and Aromatic Plantstivthe
aim of boosting the research performance, apptinadind maximizing the utilization of research resulationally
as well as internationally.

» Spreading of this new technology among researchitutes, universities and to the industrial sector
(Pharmaceutical & Food industries) through traintogrses, workshops and seminars .

» Exploring and introducing new extraction techniqdes preparation of Pharmaceutical raw materialshe
Egyptian pharmaceutical market.

» Decreasing hazards due to introducing the enviromatlg friendly green techniques.

» Continuous ongoing training process for the youmgegation for using new technologies for extractan
medicinal and aromatic plants abroad to get annsite experience directly related to the issuesesdgd. They
handle many basic research with special emphasistarducing, emerging green technology for eximactof
medicinal and aromatic plants Building up the stifencapacity of the young Egyptian scientists fiifferent
disciplines concerning extraction process of madicand aromatic plants, with collaboration witk thternational
experts.

4. Applying Nanotechnology:

» The unique features of nanoparticles have raisedtgxpectations in the field of drug delivery hessaof their
potential to improve clinical efficacy of problertatirug compoundglL31].

» Nanotechnology is strategic in developing drugwal systems which can expand drug markets.

» Some of the challenges of most drug delivery systerlude poor bioavailability, in vivo stabilitgolubility,
intestinal absorption, sustained and targeted eiglito site of action, therapeutic effectivenesde ®ffects and
plasma fluctuations of drugs which either fall belthe minimum effective concentrations or exceed $afe
therapeutic concentrations. However, nanotechnoipgyrug delivery is an approach designed to overthese
challenges due to the development and fabricatfomanostructures at submicron scale and nanosdaiehvare
mainly polymeric and have multiple advantafe29].

* Nanotechnology can be applied to reformulate engstirugs thereby extending products’ lives, enhahe&
performance, improve their acceptability by inciegseffectiveness, as well as increase safety aatibrd
adherence, and ultimately reduce health care £638134] Nanotechnology may also enhance the performahce o
drugs that are unable to pass clinical trial ph§ke4].
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