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INTRODUCTION

Indiahasrichbio diversity and geo climatic condi-
tionsfor essentid oil bearing crops. Out of 18000 plants
speciesfound in India, about 1500 are known to be
aromatic and out of thisaround 150to 200 speciesare
commonly traded onWorld markets. A mgority of them
are obtained from agricultural landsbut some 26 es-
sentia oilsare obtained from wild/cultivated plants of
forest origin. Eg. Cedarwood, Citronella, Lemongrass,
Patchouli, Davana, Eucalyptus, Sandalwood,
Cinnamomum, Cassiaetc. World total production of
essential oilsisestimated at about one lakh ton and
Indiasharesabout 20% therein.

The ancient Arabian people began to study the
chemical propertiesof essentia oils& devel oped and
refined thedidtillation process. Thefirst puredidtillation
proceduresfor producing fully purified chemica sub-
stanceswere carried out by Arab Muslim chemistsfor
industria purposessuch asisolating natura esters (per-
fumes) and producing puredcohoal. Didtillationwas|ater
known to Greek alchemistsfrom the 1st century AD,
andthelater devel opment of largescdedistillation ap-
paratus occurred in response to demandsfor spirits®.

Essentid oilsare concentrated, fragrant, odiferous
steam volatile plant essences obtained by steam/water
didtillation of theplant materid. They are secondary plant
metabolites occur indifferent partsof theplant: ideally
they areisolated with minimum chemical changesfrom
human intervention. Eg. bark (Cinnamomum), flowers
(Jasmine), leaves (Eucalyptus), berries (Bursera),

grasses (Palmarosa), roots (vetiver), herbs (Patchouli)
and wood (Sandd) etc. Each essentid oil iscomposed
of different chemica components. Thesevariouscom-
ponentscombinein different waystoform specificoils
of very distinct note. No two essential oilsaredikein
their composition or effects. Ideally aperfume should
evaporate smoothly from the top note to the bottom
notewith the main theme apparent at every stage.

Techniquesof distillation of aroma oils

Didtillation of arométic herbsimpliesvapourizing or
liberating the oilsfrom the trichomes/plant cell mem-
branesof theherbin presence of high temperatureand
moi sture and then cooling the vapour mixtureto sepa-
rate out the oil fromwater. It isthe most widely used
and cost effective method in usetoday for producing
maority of theessential oilsthroughout theWorld.

BASIC PRINCIPLE INVOLVED INTHE
PROCESS

Thermodynamicsplay animportant roleindigtilla
tion of essential ails. Inorder to vapourizeany liquid,
energy intheform of latent heat must beapplied. The
fundamenta natureof seam didtillationisthat it enables
acompound or mixtureof compoundsto bedistilled at
atemperauresubgtantialy bel ow that of theboiling point
of theindividual constituent. Inthepresenceof steam,
the componentsof essentid oil arevolatilized at atem-
perature closeto 100°C at atmospheric pressure. The
mixture steam along with hot vapoursare allowed to


mailto:shjain@icfre.org

20 A brief review on essential oil extraction and equipment

CTAIJ, 5(1) June 2010

Review =

pass through a cooling system, condensesto form a
liquidinwhichtheoil and water comprisetwo distinct
layers. Most of theessential oilsarelighter than water
andformthetoplayer. Thesteam that isused for distil-
lationisgenerated ether within the ted vessd that con-
tainsthe plant materid or by anexterna boiler.
Essential oilscan be extracted using avariety of
methods, athough some are not commonly used today.
Commercidly, the most commonly applied method for
extraction of essentia oil issteam distillation. Severa
processeslikehydro-distillation, water-steam distilla
tion, steam distillation, maceration, hydro-diffusion,
enfleurage, expression and solvent extraction areavail-
ablefor theextraction of aromasubstances.
Application of these processes, either singly or in
combination, depends upon the nature of the raw ma-
terial and of the essential oil intended to berecovered.
Thefollowing different methodsarewidely applied for
extracting essentia oil from different partsof plant de-
pending upontheraw material to get optimumyield.

Normal methodsof distillation

Thereare 3 different methods of essentid oil ditil-
lationviz., Hydro (water) distillation, water-steam dis-
tillation, and seam ditill ation.

Hydrodidtillation

Sinceprehistoric day’s hydro-distillation is exten-
svdy used anditistheversatilemethod for extraction of
essentid oils. Themain festureof thismethodisthat the
materid isimmersad andisindirect contact with theboil-
ingwater. Theessentid oil dongwithseamiscondensd
through acondensation sysemandtheail floatsontopis
separated. Hydro distillation processisnormally used
for quantification of essentid oilsat laboratory level using
Clevenger gpparatus. Thesystemisheated only withthe
help of dectric mantle. Thelong vertica glasstubeand
condenser aremade up of glasseswhichrequirecareful
handling. Theriskinvolvedinthe processisthat thetill
canrundry, or beoverhested, burningthearomaticsand
affectingquaity of essentid ail.

Water steam distillation

This method is employed where the perfumery
material isvulnerableto direct steam. Herethe plant
materia will not beindirect contact with water. Water
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isboiled below and the steam passes through abed of
plant materia kept on afadsebottominadtill or retort.
The conventiond distillation unitsmostly work onthe
prinapleof seamdidillaionareingdledinplaceswhere
water and fuel resourcesareeasly available. But high
cost of trangportation of bulky raw material fromfield
toindustry and other constraintsof loca need havehin-
deredingalationof moredidtillation units. Kespingthese
thingsin mind and to meet the needs of farmers and
small scaledidtillers, the Institute of Wood Scienceand
Technology (IWST), Banga ore has devel oped acom-
pact, portablewater-steam didtillation unit for oil ditil-
lationinthefield. Thisunit has been designed and fab-
ricated for digtillation of oilsfrom leavesand other aro-
matic plant materid.

Portable distillation unit developed by IWST,
Bangalor

Theportablefied distillation unit (250-300 L. ca
pacity) ismade of mild steel with detachable partsfor
easy transportation from placeto place”. Thiscan be
set up easily infield even limited water resource for
condensation and other utility purposes. Theunit com-
prisesof adtill withalid ontop and vapour outlet at the
sde Themateria to bedistilled isplaced over the per-
forated plateinsidethestill and isheated from afire
box (oven) fixed below, using locally availablefuel
wood. Thefirebox has an efficient outlet for smoke
discharge. The condenser part of theunitisof vertical
typemade of mild stedd with suitableinlet and outl et for
water circulation. It hasbeen provided with five paral-
lel stainlesssteel tubesinsideto increase the area of
condensation. The oil-water vapour emerging out of
thedtill entersdl thefivested tubesinstead of oneand
getscondensed faster and moreefficiently toyield 30%
moreoil. Thedistillate can be collected in any suitable
vessel and theoil which floats on top can be separated
eesly.
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Advantagesof portabledistillation unit

e Theeconomicsof essential oil production depend
on both the quality cultivation of theplant material
anditsefficient extraction of oil.

e Conventiond stationary distillationunitsaremostly
installed inaplacewherewater and fuel resources
areinabundance.

e Highcost of transportation of the bulky raw mate-
rid fromfieldto distillation Siteand storage of raw
materia addto theincreased cost of distillation.

Thisportabledistillation till being portablein na:
tureiseader totrangport to thefield and thesmplicity
of operation reducesthe effortsand cost of operation.

Economicsof operation will depend ontheavailability

and nature of raw materia, operationsconditionsand

market requirement.

Seam distillation

Steam distillationisamethod for distilling com-
pounds which are heat-sensitive. In this method,
steam isgenerated separately in aboiler is passed
directly tothe plant material kept onagridinastill.
The vapour mixtureis cooled and condensed and
the oil is separated as usual. Industries processing
tons of material employ steam distillation process
using steam pressure around 20 to 40psi and tem-
peraturerising above 150°C. Consequently, the plant
material issupported on aperforated grid or screen
inserted at some distance above the bottom of the
still. Thelower part of the still containswater upto a
level just below thegrid.

In all these distillation processes, steamisem-
ployed to carry thevolatile odorousoil alongwithits
vapourswhich are subsequently condensed to lig-
uefy the oil and water vapours. Steam of different
intensitiesisneeded depending upon thevolatility of
thefragrant compoundsin the plant material aswell
asonthethermo-stability of these components. There
have been occasional improvementsin thedesign of
the still and theimproved versionsare employed for
digtillinglemongrass, palmarosa, vetiver, berries, ge-
ranium, patchouli, sandal and others. However, main-
tenance of low temperature and littlewater in direct
contact with thematerial and uniform packing of raw
material will lead to better yield of quality ail.

—— Rev/ew
Equipmentsfor ditillation of ail

The main equipmentsrequired for carrying out es-
sentia oil distillation depends on the quantum of op-
eration and method of operation. However, thereare
threemain partswhich, in different szesformthebase
for al typesof hydro-distillation. Theretort, the con-
denser, thereceiver and thefourth part is steam gen-
erator.

Theretort or thetank commonly calledisthe pri-
mary container for the plant material whereinthewa-
ter and steam contacts the plant material and
vapourizesaong with essential oil and movesonto
condenser system. Steam containing the essential oil
vapour leavesthestill viaahead, known asagoose-
neck or through side outlet and passesto acondenser.
Simple condensers consist of ametal coil inatank of
flowing cold water. There are different type of con-
denserslikecoil condenser and tubular condenser. The
coiled condensar normd ly shortens space of condenser
with the same condensation capacity. Thetubular type
of condensersisaso Ssmpleinnature and inexpensive
typeconsisting merely aseries of long pipesoffer con-
siderablecooling surface area. |dedlly the coil/tube of
the condenser should be constructed from an inert
material such asstainlessstedl in order to prevent the
oil chemically reacting with mild steel. In many tradi-
tional stillsthe gooseneck and condenser coil were
constructed from copper or brassthat had beeninter-
nally tinned to provideareasonably inert surface. Itis
very important that the condensed steam |eaving the
condenser isthoroughly cooled. If itisstill warmthere
will bealossof essentid ail.

Other specialized distillation like hydro diffusion,
Cohaobation andrratificationin extraction of essentid oil
isemployed depending upon the desired end product.

Hydrodiffusion

Thismethodisa so similar typeof seamdidtillation
and only differencefrom thetraditiona steam digtilla
tionisherethe steamisintroduced from top onto the
material instead from bottom. The condensation of the
oil containing steam mixture occursbelow theareain
which plant materid ishedinplaceby agrill. Themain
advantage of this method isthat less steam is used,
shorter processingtimeand ahigher il yield.
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Cohobation in essential oil extraction

Inthe processof normal water distillation some of
the constituentsmay get dissolved inwater thusthedis-
tillate does not contain the compl ete constituentsto be
present in-situ of theessentia aill®. Thenthewater is
again distilled and added up in correct proportion to
the essential oil distilled out to form the completere-
quired essentid oil. Eg. Roseail.

Whenroseoil isextracted during water distillation,
theonemain congtituent - phenyl ethyl dcohol dissolves
intothewater of thedistillation still and doesnot form
part of the essential oil that is so extracted. Theoil so
extracted isthereforenot whole, and isdeficient inthis
rose-smdlingingredient andin order to produce‘‘com-
plete” oil, the phenyl ethyl alcohol needs to be distilled
from thewater inwhichit dissolved and added back to
the“incomplete oil”.

Rectification in extr action of essential oils

Inthisprocess, when an essentia oil containsany
impurities, it can bepurified by re-distillation either in
steam or in vacuum and this purification by re-distilla-
tionisreferred to asrectification.

Combination of water and steam distillation

Thisprocessisbasically combination of normal
water distillationand that of seemdistillation. Theraw
materid isimmersedinwater inadtill, which hasaheat
source and to thislive steam isfed and then normal
condensation processisdone.

OTHERMETHODSOFEXTRACTION

Normal processof distillation hasgotitsown limi-
tationslikeaction of steam on plant materiad may affect
someof theimportant delicate constituentsintheail.
To overcomethis problem other methods of extraction
like maceration, expression, enfleurageand extraction
withvolatilesolventsarea so employedin essentid oil
didillation.

Maceration

In maceration, theoil cellsof thefragrant flowers
areruptured by immersioninhotfat or oil, whichinturn
absorbsthe essential oils. Fat isseparated from spent
flowersand reused for absorbing fragrancefrom the
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next batch of fresh flowers. Thefat retained by flowers
isrecovered by hydraulic pressing. Theresultant per-
fumed pomadeisfrequently marketed assuch but is
often extracted with strong a cohol toyield extracts.

Expression

Thismethod isemployed when the essential oils
arethermo-sensitive. In expression method thereare
two processeslikethe Ecuedle and sponge method are
normally employedfor isolatingessentid oilsfromlemon
and orange pedls. In Ecudlle processthewholelemons
arerolledin hollow vesselscovered ins dewith spikes
to punctureoil cells, permitting theessentid oil to ooze
out into acollecting vessd for filtering to obtain clear
oil. In sponge process, wherethefruit iscut acrossthe
shorter axis and the peels are separated, steeped in
water followed by hand pressing between sponges. The
oil soaked sponges are squeezed toreleasetheail.

Enfleurage (Extraction with cold fat)

Inthisprocess, fragranceis madeto absorb from
flowers in contact with cold fats. This processis
adopted for fragrant flowerslike jasmine and tube-
rose, as solvents lack arresting the manifested fra-
grance. Thefats should be saturated and odourlessto
prevent entrance of fat odours. Thefat isthinly lay-
ered on both sides of a glass plate supported on a
rectangular wooden frame. Fresh fragrant flowersare
lightly layered on the fat coated chasses. Several
chasses are placed one above the other sandwiching
theflowersbetween two layers of fat. Spent flowers
areremoved (defleurage) and fresh chargeis made.
Reversing of theglassdabiscaled patage. Patageis
done several timesto obtain maximum perfume ab-
sorption. Furrows are created with combsto increase
absorption surface. The process of defleurage and
fresh charging are done every 24 hours.

Extraction with volatile solvents

Thisyields concretesand a cohol solubleabsolutes
having a near natural odour thereby making the
enfleurage and maceration processobsolete. Thispro-
cessispresently employed regularly for theextraction
of aromatic substances from flowers, leaves and
mosses. Theextractioniseffected at roomtemperature
using perfumery grade solventslike petroleum ether.
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The solvent should be sel ected such that it should com-
pletdy and quickly dissolvethe odouriferousprinciples
intheplant materia sand should not dissolveinert prin-
ciplesof plant materialslikewaxes, pigments, and al-
buminous compounds and also beinert to flower oil
condtituents. Theboiling point should not betoo high or
too low, it must be uniform. The solvent should be
chegper, noninflammableand immisciblewithwater.

MODERN METHODSOF EXTRACTION

Supercritical fluid extraction (SCFE)

Thisisanemerging and aversatilemethod to sepa-
rate componentsthat are susceptibletothermal degra:
dation. Thismethod ismainly employed for theextrac-
tion of flavours, fragrancesand perfumesfrom awide
variety of natura products. Thismethod of extractionis
superior and faster than distillation. Higher diffusive-
nessand lower viscosities of supercritical fluidsenable
better penetration and faster equilibration. A supercritica
fluid isany substance at atemperature and pressure
aboveitsthermodynamic critical point. It can diffuse
through solidslikeagas, and dissolvemateriadslikea
liquid. Carbon dioxideisthemost commonly used sol-
vent by virtue of itscheapness, non-toxicity, non-cor-
rosiveness, non-flammability, easy to handle, needing
mild processing conditionsduring extraction.

Essentid oilshavetraditiondly been derived using
either steam or hydro distillation, or extracted using
chemical solvents such as hexane or ethanol. The
supercritical CO, extract and its process have many
benefitsover thetraditional distillation processes. The
CO, extraction process consists of pumping pressur-
ized carbon dioxideinto achamber filled with plant ss

Super
Critical
Fluid
Region

—— Rev/ew
Emergingtrendsin distillation unit design

Innovative designsand technol ogical advancement
inthefield of essentid oil extraction hasbeen emerging
to achievebetter performanceindidtillation and yield of
the end product. In that recently, Microwave heating
has occupied an incontestable placein anaytical and
laboratory level distillation. Micro wave accelerated
extraction apparatus has been designed for qualitative
and quantitativeanaysisof essentid oilsat thelabora
tory level and hasbeen compared with thetraditional
Clevenger apparatuswhich has shown positivetrends
interms of timeand energy savingwith better perfor-
mance®. Onthesamelinesbetter innovative commer-
cia scaledesignscan add up to the future extraction
systemsinthefield of essentia ail distillation. Shock
wave assisted distillation techniques have al so shown
positivetrendsindistillation of essentia oil which can
bethenew generation modern techniqueinthefield of
essentid oil didtillationt.

Basic parametersfor design of essential oil distil-
lation equipment

o Suitabletechniquefor thedistillation should becho-
senon basisof oil boiling point and nature of mate-
rial, asthe heat content and temperature of steam
candter thedigtillation characteristics.

¢ Proper designing of tank, condenser or separators
can lead to better yield of oilsand minimize high
capitd investments.

o Suitablematerial tofabricatethetill should bese-
lected as some of the essential oilsmay be corro-
sveinnature.

e Proper control of injection rates and pressurein
boiler operated unitsisnecessary to optimize the
temperature of extractionfor maxima yield.

Few basic precautionary measuresto get optimum
performance

e Preprocessing of raw materia (crushing, powder-
ing and soaking in water) may be done for some
raw materialslikerootsand seedsto exposetheir
oil cellsto get better yield of essential ail, assuch
thesemateridswill notyiddessentid oil easilyif dis-
tilledintheir natural state.

e Improper loading of the plant material may resultin
steam channdling causingincompletedidtillation.

"/ CHEMICAL TECHNOLOGY

Hn Tndéan g%wumé



24 A brief review on essential oil extraction and equipment CTAIJ, 5(1) June 2010

Review =

¢ Efficient condensation system should adopt toavoid
didillationloss.

o Sufficient distillationtime should begivento com-
pletethe process as some of the high boiling frac-
tionsarenot |ost during the process.

Futureneeds

Cost effective, highyield, lesswater consuming,
easy handling with better portability equipmentsarere-
quiredfor achievingthedesired productsinthefield of
essentid oil ditillation.
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