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Phytoconstituents are chemical compounds that occur naturally in plants.  Some are 
responsible for colour and other organoleptic properties.  The term is generally 
refer to biologically significant chemicals, but not established as essential nutrients. 
A wide  range  of  technologies  is  available  for  the  extraction  of  active  
components  and  essential  oils  from  medicinal  and aromatic  plants.  The  choice  
depends  on  the  economic feasibility  and  suitability  of  the  process  to  the  
particular  situation. Extraction  is  the  first  crucial  step  in  preparation  of  plant  
formulations.  Modern  methods  of extraction  are  effective  in  advancing  the  
development  of  traditional  herbal  remedies.  The  development  of modern  
sample-preparation  techniques  with  significant  advantages  over  conventional  
methods  for  the extraction  and  analysis  of  medicinal  plants  is  likely  to  play  an  
important  role  in  the  overall  effort  of ensuring  availability  of  high-quality  
herbal  products to  consumers  worldwide.  In  this  article  principle  behind  
operation  of  various  extraction methods,  factors  influencing  method  
performance, research  progress,  strength  and  weakness  of  different extraction  
approaches  are  discussed.  Emphasis  is  put  on  the  methods  which  are  solvent  
and  energy saving,  and  suitable  for  thermolabile phytocompounds.  The various 
processes of production of medicinal plant extracts and essential oils are reviewed 
in this paper. 
Keywords: Extraction Efficiency, Microwave Assisted Extraction (MAE), Supercritic
al Fluid Extraction (SFE), Ultrasonication Assisted Extraction (UAE). 
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1. INTRODUCTION  
Plants contain a few dynamic mixtures like alkaloids, 

steroids, tannins, glycosides, unstable oils, fixed oils, 

pitches, phenols and flavonoids that are stored in their 

various parts. The valuable of the restorative impacts of 

the plant result from the mix of these dynamic compounds 

[1].  

Restorative plants are the most extravagant bio-asset of 

medications for customary frameworks of medication, 

current meds, nutraceuticals, food supplements, folk 

medicines, pharmaceutical intermediates and substance 

elements for engineered drugs. Sweet-smelling plants are a 

wellspring of scents, flavors, cosmeceuticals, and wellbeing 

refreshments substance such as terpenes. Extraction is the 

term utilized for the partition of restoratively critical bits 

of plant from the dormant segments by utilizing specific 

solvents in various standard extraction systems. The 

solvents are chosen cautiously based on the idea of phyto-

parts present in the plant. Kinds of extraction techniques 

assume a definitive part for the subjective and quantitative 

synthesis of the concentrates. The normalized separates, in 
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this manner acquired are additionally handled for 

incorporation in other dose structures containing a few 

gatherings of plant's metabolites. In this manner, the 

extraction assumes an indispensable part to seclude the 

compound constituents in its unique structure. 

The vast majority of the phytochemicals from plant 

sources, for example, phenolic and flavonoids emphatically 

affect wellbeing and malignant growth prevention [2]. 

Current Mediterranean and DASH (Dietary Approaches to 

Stop Hypertension) consolidate a phytochemicals rich 

eating regimen from leafy foods sources as the plant based 

eating routine has displayed to expand life range in 

Okinawan individuals, that has the most noteworthy 

number of centenarians[3,4] Interest in using regular 

sources in the turn of events and detailing of skin items, as 

an option in contrast to ordinary medications and 

manufactured items, add to build revenue in research and 

mechanical use of restorative plants [5]. High substance of 

phenolic and flavonoids in restorative plants have been 

related with their cell reinforcement exercises that assume 

a part in the counteraction of the improvement old enough 

related illness, especially cause by oxidative pressure. With 

respect to the valuable phytochemicals in therapeutic 

plants and the shift towards normal items in drugs and 

cosmeceuticals industry, the exploration on restorative 

plants especially are just about as significant as the 

examination on customary medication. 

1.1 What is extraction?  

Extraction in science is a partition interaction comprising 

in the detachment of a substance from a network. Normal 

models incorporate fluid liquid extraction, and solid phase 

extraction. The conveyance of a solute between two stages 

is a balance condition depicted by parcel hypothesis. This 

depends on precisely how the analyte moves from the 

underlying dissolvable into the removing dissolvable. The 

term washing may likewise be utilized to allude to an 

extraction wherein debasements are separated from the 

dissolvable containing the ideal compound. 

1.2 Laboratory applications and examples 

Fluid extractions in the research facility normally utilize a 

separate pipe, where two immiscible stages are 

consolidated to isolate a solute from one stage into the 

other, as indicated by the general dissolvability in every 

one of the stages. Regularly, this will be to remove natural 

mixtures out of a fluid stage and into a natural stage, yet 

may likewise incorporate extricating water-dissolvable 

debasements from a natural stage into a watery phase [6]. 

Normal extractants as indicated by the Hildebrand 

solvency boundary: ethyl acetic acid derivation <(CH3)2CO < 

ethanol < methanol <acetone :water (7:3) <ethanol :water 

(8:2) <methanol :water (8:2) < water. 

Everyday applications and examples  

Bubbling tea leaves in water extricates the tannins, 

theobromine, and caffeine out of the leaves and into the 

water, to act as an illustration of a strong fluid extraction.  

Decaffeination of tea and espresso is additionally an 

illustration of an extraction, where the caffeine atoms are 

taken out from the tea leaves or espresso beans, regularly 

using supercritical liquid extraction with CO2 or standard 

strong fluid extraction procedures [7]. 

1.3 Types of phytoconstituents 

Phenolics 

Phenolics are plant metabolites generally spread all 

through the plant realm. Late interest in phenolic comes 

from their possible defensive job, through ingestion of 

leafy foods, against oxidative harm infections (coronary 

illness, stroke, and diseases). Phenolic compounds are 

fundamental for the development and generation of plants, 

and are created as a reaction for protecting harmed plants 

against microorganisms. Phenolic corrosive mixtures are 

generally dispersed in plants. They have been the subject 

of an extraordinary number of compound, organic, 

agrarian, and clinical investigations. They structure a 

differed bunch that incorporates the broadly circulated 

hydroxybenzoic and hydroxycinnamic acids. Plant 

phenolic compounds are assorted in structure however are 

portrayed by hydroxylated sweet-smelling rings (for 

example flavan-3-ols). They are classified as auxiliary 

metabolites. Many plant phenolic compounds are 

polymerised into bigger atoms, for example, the 

proanthocyanidins and lignins. Moreover, phenolic acids 

may happen in food plants as esters or glycosides formed 

with other normal mixtures like flavonoids, alcohols, 

hydroxyfatty acids, sterols, and glucosides [8]. 

Alkaloids  

Alkaloids are customarily characterized as fundamental, 

nitrogen containing natural constituents that happen 

basically in plants. The nitrogen in the alkaloid particle is 

gotten from amino corrosive digestion. Since the amino 

corrosive skeleton is regularly generally held in the 

alkaloid structure, alkaloids beginning from a similar 

amino corrosive show comparative underlying highlights. 

Alkaloids frequently have articulated bioactivities and are 

hence thought to assume a significant part in the 

communication of plants with their current circumstance. 

Alkaloids and concentrates of alkaloid containing plants 

have been utilized all through mankind's set of experiences 

as cures, harms and psychoactive medications.[9] 

Numerous alkaloids, however harms, have physiological 

impacts that render them important as prescriptions. For 

instance, curarine, found in the destructive concentrate 

curare, is an amazing muscle relaxant; atropine is utilized 

to expand the students of the eyes; and physostigmine is a 

particular for certain strong infections. Opiate alkaloids 

utilized in medication incorporate morphine and codeine 

for the help of torment and cocaine as a nearby sedative. 

Other normal alkaloids incorporate quinine, caffeine, 

nicotine, strychnine, serotonin, and LSD. Aconitine is the 

alkaloid of aconite. Cinchonine and quinine are gotten from 

cinchona, coniine is found in poison hemlock, and 

reserpine is a concentrate of rauwolfia roots. Emetine is an 

alkaloid of ipecac [10]. 
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Table 1: Methods for detection of alkaloids 

 

Reagents  Composition 
of the reagent 

Result  

Mayer’s 
reagent 

Potassium 
mercuric iodide 
solution 

Cream precipitate 

Wagner’s 
reagent 

Iodine in 
potassium iodide 

Reddish-brown 
precipitate 

Tannic acid Tannic acid Precipitation 

Hager’s 
reagent 

A saturated 
solution of picric 
acid 

Yellow precipitate 

Dragendorff’s  
reagent 

Solution of 
potassium 
bismuth 
iodide potassium 
chlorate, a drop 
of hydrochloric 
acid, evaporated 
to dryness, and 
the resulting 
residue is 
exposed to 
ammonia 
vapour 

Orange or 
reddish-brown 
precipitate 
(except with 
caffeine and a few 
other 
alkaloids.  

                                           
 Saponins 
Saponins are phytochemicals found in many vegetables, 
beans and spices. The most popular wellsprings of 
saponins are peas, soybeans, and a few spices with names 
demonstrating frothing properties like soapwort, saoproot, 
soapbark and soapberry. Business saponins are removed 
chiefly from Yucca schidigera and quillaja saponaria. 
Saponins are glucosides with frothing qualities. They 
comprise of a polycyclic aglycones joined to at least one 
sugar side chains. The frothing capacity of saponins is 
brought about by the mix of a hydrophobic (fat-
dissolvable) sapogenin and a hydrophilic (water-solvent) 
sugar part. Saponins have an unpleasant taste. A few 
saponins are poisonous and are known as sapotoxin. 
Saponins have numerous medical advantages. Studies have 
outlined the advantageous consequences for blood 
cholesterol levels, malignant growth, bone wellbeing and 
incitement of the resistant framework. Saponins from 
Yucca and Quillaja are utilized in certain drinks, like brew, 
to deliver stable froth. The cleanser properties of saponins 
have prompted their utilization in shampoos, facial 
chemicals and restorative creams [11]. 

Glycosides 

Glycosides are compounds containing a starch and a non 
sugar buildup in a similar particle. The starch buildup is 
appended by an acetal linkage at carbon particle 1 to a non 
carbon buildup or aglycone. The non sugar segment is 
known as the aglycone. The sugar segment is known as the 
glycone [12]. 

Terpenes  

The term 'terpene' was given to the mixtures detached 
from terpentine, an unstable fluid disengaged from pine 

trees. The less difficult mono and sesquiterpene is boss 
constituent of the fundamental oils acquired from sap and 
tissues of certain plant and trees. The di and tri terpenoids 
are not steam unpredictable. They are gotten from plant 
and tree gums and gums. Tertraterpenoids structure a 
different gathering of mixtures called 'Carotenoids'. 
Terpenes are the hydrocarbons of plant beginning of the 
overall equation (C5H8)n just as their oxygenated, 
hydrogenated and dehydrogenated subsidiaries. Warm 
deterioration of terpenes gives isoprene as one of the item. 
The terpene particles are developed of at least two 
isoprene units participated in a 'head to tail' design.[13,14]  

Classification of terpenes    

Most natural terpenes hydrocarbon have the general  
formula  (C5H8)n.  They  can  be  classified  on  the  basis of 
value  of n or  number of  carbon  atoms present  in the  
structure.  

Table 2: Classification of terpenes 

S. 
no 

No. of C 
atom 

Value of n 
class 

Value of n class 

1 10 2 Monoterpenoids(C10H16) 

2 15 3 Sesquiterpnoinds(C15H24) 

3 20 4 Diterpenoids(C20H32) 

4 25 5 Sesterpenoids(C25H40) 

5 30 6 Troterpenoids(C30H48) 

6 40 8 Tetraterpenoids(C40H64) 

7 >40 7 8 Polyterpenoids(C5H8) n 

 

Each  class  can  be  further  subdivided  into  

subclasses  according  to  the  number  of  rings  

present  in  the structure. 

i)Acyclic terpenoids:  They contain open structure. 

ii) Monocyclic terpenoids:  They contain one ring in the 

structure.  

iii) Bicyclic terpenoids: They contain two rings in the 

structure.    

vi)Tricyclic terpenoids:  They contain three rings in the 

structure.  

v) Tetracyclic terpenoids: They contain four rings in the 

structure. 

Tannins   

Tannin is an astringent, plant polyphenolic compound that 

ties to and encourages proteins and different other natural 

mixtures including amino acids and alkaloids. The term 

tannin alludes to the utilization of wood tannins from oak 

in tanning creature stows away into cowhide; thus the 

words "tan" and "tanning" for the treatment of calfskin. 

Nonetheless, the expression "tannin" likewise is broadly 

applied to any enormous polyphenolic compound 

containing adequate hydroxyls and other reasonable 

gatherings to shape solid edifices with different 

macromolecules. The tannin compounds are broadly 
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disseminated in numerous types of plants, where they 

assume a part in assurance from predation, and maybe 

likewise as pesticides, and in plant development guideline. 

An astringency from the tannins is the thing that causes 

the dry and puckery feeling in the mouth following the 

utilization of unripened natural product or red wine. 

Moreover, the obliteration or alteration of tannins with 

time assumes a significant part in the maturing of foods 

grown from the ground maturing of wine. Tannins have 

sub-atomic loads going from 500 to more than 3,000 and 

up to 20, 000.[15] 

Anthraquinones 

Anthraquinones are a class of fragrant mixtures with a 

9,10-dioxoanthracene center. Up until now, 79 normally 

happening anthraquinones have been distinguished which 

incorporate emodin, physcion, cascarin, catenarin, and 

rhein. A huge assortment of writing has exhibited that the 

normally happening anthraquinones have an expansive 

range of bioactivities, like therapeutic, anticancer, 

mitigating, antimicrobial,diuretic, vasorelaxing and 

phytoestrogen exercises, proposing their conceivable 

clinical application in numerous illnesses. In spite of the 

advances that have been made in understanding the 

science and science of the anthraquinones as of late, 

examination into their systems of activity and helpful 

potential in immune system issues is still at a beginning 

phase.[16] 

Steroids 

Plant  steroids  are  types  of  natural  organic  compounds  

found  in  plants.  Many  types  of  plant  steroids  exist and  

play  important  roles  in  the  biological  processes  of  

plants,  such  as growth  and  development,  cell division,  

and  resistance  to  damage  from environmental  stresses  

like  cold  weather.  Some  plant  steroids are  also  useful  

for  their  effects  when  consumed  by  human  beings  

because  their  presence  decreases  the amount  of  

cholesterol  in  the  bloodstream.  Plant  steroids  should  

not  be  confused  with  anabolic  steroids used  to  increase  

muscle  mass,  which  are  a  synthetic  substance  that  

imitates  the  effects  of  human androgenizing  hormones 

such  as  testosterone. All  steroids  have  a characteristic  

chemical  structure  based  around  carbon  atoms  linked  

by  single  or double  bonds  and  arranged  into  four  

interconnected  rings.  Additional  groups  of  atoms  called  

functional groups  are  bonded  to  the  carbon  atoms  in  

the  rings  at  various  points,  which  vary  from  one  

steroid  to another. Different steroids have different 

properties that vary according  to the  number  of  double 

bonds in the  carbon rings and the  composition of the 

attached functional groups.The most biologically  

prominent  plant steroid  is brassinolide  (C28H48O6),  which  

is  important  to  the development  of  plant  cells  and  

promoting  the  plant's  growth.  It  is  part  of  a  larger  

class  of  plant  steroids called  brassinosteroids.  

Brassinolide  is  synthesized  from  campesterol  (C28H48O),  

another  plant  steroid that  is  part  of  a  group  of  similar  

steroid  compounds  called  phytosterols. Other examples 

of phytosterols, also commonly called plant sterols, include 

beta-sitosterol (C29H50O) and brassicasterol (C28H46O).[17] 

 

Essential oil 

 An essential oil is a concentrated hydrophobic fluid 

containing unstable smell compounds from plants. 

Essential oils are otherwise called unpredictable oils, 

ethereal oils, aetherolea, or basically as the oil of the plant 

from which they were removed, like oil of clove. An oil is 

"essential" as in it contains the "embodiment of" the plant's 

scent the trademark aroma of the plant from which it is 

determined. The term essential utilized here doesn't mean 

crucial similarly as with the terms essential amino 

corrosive or essential unsaturated fat which are purported 

since they are healthfully needed by a given living life 

form. Essential oils are by and large removed by refining, 

regularly by utilizing steam. Different cycles incorporate 

articulation, dissolvable extraction, total oil extraction, tar 

tapping, and cold squeezing. They are utilized in 

fragrances, makeup, cleansers and different items, for 

enhancing food and drink, and for adding aromas to 

incense and family cleaning items.[18] 

Flavonoids 

Flavonoids are significant gathering of polyphenols 

broadly dispersed among the plant greenery. Stucturally, 

they are made of more than one benzene ring in its 

construction (arange of C15 sweet-smelling compounds) 

and various re-ports support their utilization as cell 

reinforcements or free extreme scroungers. The mixtures 

are gotten from parent compounds known as flavans. More 

than 4,000 flavonoids are known to exist and some of them 

are shades in higher plants. Quercetin, kaempferol and 

quercitrin are normal flavonoids present in almost 70% of 

plants. Other kinds of flavonoids includes flavones, 

dihydroflavons, flavanflavonols, anthocyanidins, proanthoc

yanidins, calchones and cate-jaw and leucoanthocyanidins. 

1.4 Extraction methods  

Extraction, as the term is utilizes chemically, includes the 

partition of therapeutically dynamic mixtures of plant or 

creature tissues from the dormant or latent segments 

(wanted and undesired) by utilizing particular solvents in 

standard extraction systems.[19] The item so got from 

plants are moderately debased fluids, semisolid or 

powders planned uniquely for oral or outer use. A portion 

of the primary fluid acquired extracta might be prepared 

for use as therapeutic specialist as colors and Fluid-

separates yet some need further handling. The customary 

extraction techniques, including Maceration, Percolation 

and Soxhlet extraction, typically utilize natural solvents 

and require an enormous volume of solvents and long 

extraction time while decoction and Hydro refining 

strategies use water as a dissolvable. The normal 

customary extraction techniques utilizes as Table 3. 
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Table 3: Solvents used for active components extraction 

 
1.5 Various Methods of extraction for extract 
Phytoconstituents 
1.5.1 Maceration  

The maceration is a strategy for strong fluid extraction. In 
this cycle, the finely powdered drug materials is set in a 
shut vessel and the dissolvable is added. It is permitted to 
represent quite a while (fluctuating from hours to days) 
with periodic shaking. Adequate time is takes into 
consideration the dissolvable to diffuse through the cell 
divider to solubilize the constituent present in plant. The 
cycle happens simply by atomic dissemination. After the 
ideal time, the fluid is stressed off; the strong buildup is 
squeezed to recuperate however much dissolvable as 
could reasonably be expected. At the point when the 
dissolvable is water and the time of maceration is long, a 
little amount of liquor might be added to forestall 
microbial development [20]. Maceration includes three 
directors' means. Right off the bat, plant materials is 
converted into powder structure by granulating. This 
permit great contact among dissolvable and materials. In 
the wake of crushing, a picked dissolvable is included a 
shut vessel. Then, at that point, the fluid is stressed off 
however the strong buildup of this extraction interaction is 
squeezed to recuperate enormous measure of blocked 
arrangements. During the cycle of maceration intermittent 
shaking work with extraction by expanding dissemination 
and eliminate concentrated arrangement from the example 
surface for carrying new dissolvable to the menstruum for 
more extraction yield [21].  
Advantages: 
1 Maceration  is  a  simple  method  using  non-complicated 
utensil  and  equipment. 
2. Skilled operator not required. 
3. Energy saving process. 
4. For certain kind of crude drugs which are very less 
soluble in solvent and requires only prolonged contact 
with solvent is ideal. 
5.  Suitable method for less potent and cheap drugs. 
Disadvantages: 
1.  Unfortunately,  the  duration  of  extraction  time  is  
long  and sometimes    takes  up  to  weeks.       
2.  No exhaustively extract the drug.  
3.  It is very slow process and time consuming. 
4.  Solvent required is more. 
1.5.2 Percolation  
This is the system utilized most oftentimes to extricate 
dynamic fixings in the arrangement of colors and liquid 
concentrates.  

A percolator (a restricted, cone-molded vessel open at the 
two closures) is by and large utilized (Fig.2). The strong 
fixings are soaked with a suitable measure of the 
dissolvable and permitted to represent around 4hrs in a 
very much shut holder, after which the mass is stuffed and 
the highest point of the percolator is shut. Extra 
dissolvable is added to frame a shallow layer over the 
mass, and the blend is permitted to macerate in the shut 
percolator for 24 h. The power source of the percolator 
then, at that point open and the fluid contained there is 
permitted to dribble gradually. Extra dissolvable is added 
as needed, until the percolate measures around 3/4 of the 
necessary volume of the completed product20. The 
concentrate is then squeezed and the fluid is added to the 
percolate. Adequate dissolvable is added to deliver the 
necessary volume, and the blended fluid is explained by 
filtration or by standing followed by emptying. The cycle is 
rehashed until a drop of the dissolvable from the 
percolator when dissipated doesn't leave a build up.[22] 
 
1.5.3 Decoction 
It a reasonable method for the extraction of the 
constituents dissolvable in water and that can't likewise 
been obliterated by the impact of warmth [23]. Decoction 
is a water-based planning to separate dynamic mixtures 
from therapeutic plant materials. In this interaction, the 
fluid arrangement is made by heating up the plant material 
with water (Fig.3). Decoction is the method of decision 
when working with extreme and sinewy plants, barks and 
roots and with plants that have water-solvent synthetic 
compounds. The plant material is by and large broken into 
little pieces or powdered. Various methods have been 
depicted for the planning of decoctions. In the Ayurvedic 
method, generally known as kwatha, the rough medication 
in type of yavakuta (little pieces) is set in earthen pots or 
tinned copper vessels with dirt outwardly. Water is added 
and the pot is warmed on a fire. On the off chance that the 
material is delicate, multiple times water is utilized per 1 
section drug; if the medication is modestly hard, multiple 
times water is utilized and if the medication is 
exceptionally hard, multiple times water is suggested. The 
combination is then bubbled on low fire until it is 
diminished to one-fourth beginning volume, if there should 
be an occurrence of delicate medications, and one-eighth 
in the event of decently or hard medications. The 
concentrate is then cooled and stressed and the filtrate is 
gathered in clean vessels [20].   

 

Water Ethanol  Methanol  Chloroform  Dichlorom
ethanol 

Ether  Acetone  

Tannins 
Anthocyanin 
Terpenoids 
Saponins 

Tannins 
Terpenoids 
polyphenol 
Flavonoids 
Alkaloids  

Tannins 
Terpenoids 
polyphenol 
Saponins 
Anthocyanin 

Flavonoids 
Terpenoids 

Terpenoid Alkaloids 
Terpenoids 

Flavonoids  
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Table 4: Comparison of various extraction methods for natural products 

 
                    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.5.4 Soxhlet  extraction  
Named after 'Franz Ritter von Soxhlet', a German rural 
scientist, it is the best technique for the constant extraction 
of a strong by a hot dissolvable [24]. Soxhlet apparatus is a 
specific glass refluxing unit essentially utilized for natural 
dissolvable extractions (Fig.1). Soxhlet extraction is a 
general and grounded procedure, which outperforms in 
execution other traditional extraction strategies. The 
Soxhlet extractor is used for the solvent extraction process. 
It consists of an extractor, a distillation unit and tubular 
condenser. The powdered strong material is put in a 
thimble comprised of channel paper and is set inside the 
soxhlet apparatus. The apparatus is fitted to a round lined 
(RB) carafe containing the dissolvable and to a reflux 
condenser. The dissolvable in the RB jar is bubbled 
delicately, the fume leaves behind through the side 
cylinder, consolidated by the condenser and falls into the 
thimble containing the material and gradually fills the 
soxhlet. At the point when the dissolvable arrives at the 
highest point of the connected cylinder it directs over into 
the carafe, subsequently eliminates the part of the 
substance, which it has removed. The activity is rehashed 
until complete extraction is accomplished. [22] 
 
Advantages:   
1. Large  amount  of  plants    materials  can  be  extracted    
at  a time.  
2.  Repeatedly can use  solvent    
3. This method does not require filtration  after  extraction    
4. This method does not  depend  upon  the  type  of  matrix 
 5.  It is  a  very  simple  technique. 
 6. The  displacement  of  transfer  equilibrium  by  
repeatedly bringing  fresh  solvent  into  contact  with  the  
solid  matrix. 
 
Disadvantages: 
1.  The  samples  are  heated  to  a  high  temperature  for  a 
relatively  long  period  thus  the  risk  of thermal  
destruction  of some  compounds cannot  be  overlooked  if  
the  plant  material contains  heat  labile  compounds. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
2.  The extraction time is lengthy and  the  process  is  labor 
intensive. 
3. The process allows manipulations of limited variables. 
The  time  and  the  requirement  of  a  large  amount  of  
solvent result  in  wide  criticism  of  Soxhlet  extraction  
technique. 
                               

 
                                       

Figure 1: Soxhlet extraction apparatus 
 
1.5.5 Hydro distillation 
Hydro distillation is a customary technique for extraction 
of plants materials that doesn't utilized natural solvents. In 
hydro distillation, plant materials are stuffed in a still 
compartment and water is included adequate sum, and 
afterward brought to bubble (Fig.2). Then again, direct 
steam is infused into the plant test. Heated water and 
steam go about as the fundamental powerful factors to free 
bioactive mixtures of plant tissue. Circuitous cooling by 
water consolidates the fume combination of water and oil. 
Hydro Distillation is possibly an extremely helpful strategy 
to separate fundamental oil from different plants and from 
their various parts. The yield is reliant upon different 
boundaries like load of crude material, volume of water, 
size of crude material and nature of crude material [25]. 
Hydro distillation includes three primary physiochemical 
cycles. These include hydro dispersion, hydrolysis and 

Method  Solvent  Temperature  Pressure  Time Volume 
of solvent 

Maceration  Water, 
aqueous and  
non-aqueous 
solvents  

Room temp.  Atmospheric 
pressure  

Long  Large  

Percolation  Water, 
aqueous and 
non-aqueous 
solvents  

Room temp. 
occasionally 
under heat  

Atmospheric 
pressure  

Long  Large  

Decoction  Water  Under heat  Atmospheric 
pressure  

Moderate  None  

Soxhlet Organic 
Solvents  

Under heat  Atmospheric 
pressure  

Long  Moderate  

Hydro 
distillation  

Water  Under heat  Atmospheric 
pressure  

Long  None  
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disintegration by heat. At a high extraction temperature 
some unstable segments might be lost. This downside 
restricts its utilization for thermolabile compound 
extraction. 
                                      

 
                                                

Figure 2: Hydro distillation apparatus 
 
       Types of hydro distillation:  

There  are  three  types  of  hydro  distillation  for  isolating 

essential  oils  from  plant  materials: 
 1.  Water distillation  
2.  Water and steam distillation  

3.  Direct steam distillation 
 

a. Water distillation: 
In this method, the material is totally submerged in water, 
which is bubbled by applying heat by direct fire, steam 

coat, shut steam coat, shut steam curl or open steam loop. 
The principle normal for this cycle is that there is 

immediate contact between bubbling water and plant 
material. 
 

 b. Water and steam distillation:  
In water and steam distillation, the steam can be produced 

either in a satellite heater or inside the still, albeit isolated 
from the plant material. Like water distillation, water and 
steam distillation is broadly utilized in country regions. 

Additionally, it doesn't need significantly more capital use 
than water distillation. Additionally, the hardware utilized 

is by and large like that utilized in water distillation; 
however the plant material is upheld over the bubbling 
water on a punctured lattice. Indeed, usually people 

performing water distillation in the end progress to water 
and steam distillation. 
 

c. Direct steam distillation:  
As the name proposes, direct steam distillation is the way 

toward refining plant material with steam produced 
outside the still in a steam generator by and large alluded 
to as an evaporator. As in water and steam distillation, the 

plant material is upheld on a punctured network over the 
steam bay. A genuine benefit of satellite steam age is that 

the measure of steam can be promptly controlled. Since 
steam is produced in a satellite heater, the plant material is 
warmed no higher than 100° C and, subsequently, it ought 

not go through warm corruption. Steam distillation is the 
most generally acknowledged cycle for the creation of 
fundamental oils for enormous scope. All through the 

flavor and aroma supply business, it's anything but a 
standard practice. 

 
 Advantages:   

1. Higher oil yield.  

2. Components of the volatile oil are less susceptible to 
hydrolysis and polymerization (the control of wetness on 

the bottom of the still affects hydrolysis, whereas the 
thermal conductivity of the still walls affects. 
polymerization).  

3. If refluxing is controlled, then the loss of polar 
compounds is minimized. 

4. Oil quality produced by steam and water distillation is 
more reproducible.  
5. No organic solvent needed so this process is cheap and 

environment friendly. 
  

 Disadvantages:  
1. Complete extraction is not possible.  
2. As the plant material near the bottom of the still comes 

in direct contact with the fire from the furnace, it may char 
and thus impart an objectionable odor to the essential oil.  

3. The prolonged action of hot water can cause hydrolysis 
of some constituents of the essential oil, such as esters.  
4. Heat control is difficult, which may lead to variable rates 

of distillation.  
5. It requires a greater number of stills, more space and 

more fuel. Thus, the process becomes uneconomical. 
1.6 Microwave assisted extraction  
MAE uses microwave energy to work with segment of 

analytes from the example grid into the dissolvable [26]. 
Microwave radiation communicates with dipoles of polar 

and nonpolarizable materials cause warming close to the 
outside of the materials and warmth is moved by 
conduction. Dipole pivot of the particles instigated by 

microwave electromagnetic upsets hydrogen holding; 
improving the movement of broke up particles and 
advances dissolvable infiltration into the grid[27]. In non-

polar solvents, helpless warming happens as the energy is 
moved by dielectric retention just.[28] MAE can be 

considered as particular strategies that favor polar atoms 
and solvents with high dielectric steady (table 5).  
 

Table 5: Solvents with high dielectric constant 

 

Solvent Dielectric 
constant(20°C) 

Hexane 1.89 

Toluene 2.4 

Dichloromethane 8.9 

Acetone 20.7 

Ethanol 24.3 

Methanol 32.6 

Water 78.5 
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Figure 3: Microwave assisted extraction 

 
1.7 Ultrasound-assisted extraction or Sonication 
extraction  
UAE involves the use of ultrasound ranging from 20 kHz to 
2000 kHz[28]. The mechanic effect of formation of vapour 
bubbles within a liquid from the ultrasound increases the 
surface contact between solvents and samples and 
permeability of cell walls. Physical and chemical properties 
of the materials subjected to ultrasound are altered and 
disrupt the plant cell wall; facilitating release of 
compounds and enhancing mass transport of the solvents 
into the plant Cells[29]. The procedure is simple and 
relatively  low  cost  technology  that  can  be  used  in  both  
small  and  larger scale of phytochemical extraction.  
 
Strength and limitation  
The benefits of UAE is mainly due reduction in extraction 
time and solvent consumption. However, use of ultrasound 
energy more than 20 kHz may have an effect on the active 
phytochemicals through the formation of free radicals [27, 
28]. 

 
1.8 Accelerated solvent extraction 
ASE is an innovative sample preparation technique that 
combines elevated temperature and pressure with liquid 
solvents to achieve fast and efficient removal of analytes 
from various matrices. Test is loaded with latent material, 
for example, sand in the hardened steel extraction cell to 
keep test from amassing and square the framework 
tubing[30, 31]. Pressed ASE cell incorporates layers of 
sand-test combination in the middle of cellulose channel 
paper and sand layers. This mechanized extraction 
innovation can handle temperature and pressing factor for 
every individual examples and requires not exactly an 
hour for extraction. Like other dissolvable method, ASE 
additionally basically relies upon the dissolvable sorts. 
Cyclohexaneacetone arrangement at the proportion of 6:4 
v/v with brief warming (50°C) displayed to yield most 
elevated bixin from Bixaorellana with 68.16% virtue.[31] 
High recuperations (~94%) of flavonoids from Rheum 
palmatun were noticed utilizing 80% fluid methanol by 
ASE, recommending the reasonableness of this strategy for 
quality control assessment[32]. 

 
1.9 Supercritical fluid extraction 
Supercritical fluid (SF) or additionally called as thick gas is 
a substance that shares the actual properties of the two gas 
and fluid at its basic point. Factors, for example, 
temperature and pressing factor are the determinants that 
drive a substance into its basic district. SF acts more like a 
gas yet have the solvating normal for a fluid. An illustration 

of SF is CO2 that become SF at above 31.1°C and 7380 kPa. 
Interest in Supercritical CO2 (SC-CO2) extraction because of 
great dissolvable for nonpolar analytes and CO2 is 
promptly accessible for minimal price and has low 
poisonousness. Despite the fact that SC-CO2 has helpless 
dissolvability for polar mixtures, change, for example, 
adding limited quantity of ethanol and methanol empower 
it to extricates polar compounds.SC-CO2 likewise delivers 
analytes at concentrate structure as CO2 disintegrates at 
encompassing temperature. SC-solvents strength can be 
handily adjusted by evolving the temperature, pressure or 
by adding modifiers that lead to diminish extraction time. 
Optimization of SC-CO2on Wadelia calendulacea 
accomplished its ideal yield at 25 MPa, 25oC temperature, 
10% modifier focus and hour and a half extraction 
time[33]. A significant disadvantage of this strategy is the 
underlying expense of the gear is high [34]. 

 
1.10 Pressurized liquid extraction 
The strategy is otherwise called accelerated solvent 
extraction framework (ASE) or upgraded solvent 
extraction framework (ESE). The strategy utilizes raised 
pressing factor and temperature, where the expanded 
temperature speeds up the extraction interaction by 
expanding the diffusivity of the solvent, though the 
expanded pressing factor keeps the natural solvent in fluid 
state without bubbling and furthermore powers the 
solvent to infiltrate the grid pores [35, 36]. 
 

 
                                          

Figure 4: Pressurized liquid extraction 
                                                
1.11 Steam distillation  
It is the standard cycle utilized for the confinement of 
unpredictable oil from rough plant material [37]. Steam 
distillation is basic vaporization accomplished by going 
steam straightforwardly through the material. Here the 
stem unpredictable fundamental oil is recuperated by 
buildup, where oil isolates out from water. 

 

 
 

Figure 5: Steam distillation extraction 
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1.12 Solid phase extraction   
This quick, practical and touchy procedure utilizes various 
kinds of cartridges and plates, with an assortment of 
sorbents, where the solute atoms are specially joined over 
the fixed stage. Test readiness and fixation can be 
accomplished in a solitary stage. Typical stage, turn around 
stage and particle trade strong stage extraction units is 
accessible. For instance, with 'Sep-Pak C18' cartridges 
(switch stage) it is feasible to eliminate polar segments 
though the held low polar ones can be eluted later. 

 

 
 

Figure 6: Solid phase extraction 
 

2. CONCLUSION 
All phases of extractions, from the pre-extraction and 
extraction are similarly significant in the investigation of 
restorative plants. The example arrangement like 
pounding and drying influenced the productivity and 
phytochemical constituents of the last extractions; that in 
the end affect the last concentrates. It very well may be 
inferred that, no general extraction techniques is the best 
strategy and every extraction strategies is remarkable to 
the plants. Recently advanced techniques can be utilized to 
lead in the choice of reasonable strategies. Not with 
standing, assessment and choice of pre-extraction 
arrangement and extraction techniques are relying upon 
the examination goals, tests, and target compounds. 
Present review states that the modern extraction 
techniques are efficient to evolve phytoconstituents which 
may leads to developed novel herbal compound and 
formulate herbal medicine [38-41].  
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