Comparison of Traditional and Green Chemistry Methods for Extracting Essential Oils from Spices
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Liquid CO2 Extraction of Essential Oils from Spices
(adapted from:  Liquid CO2 Extraction of D-Limonene from Orange Rind; supplemental  information – Green chemical processing in the teaching laboratory: A convenient liquid CO2 extraction of natural products)
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‘Essential ofls are organic compounds that are extracted from natural sources end
sed i ey products such s favorings, fragrasces, nd cleaning products. Many of
o el et clasified s ferpms snd ferpenoids (oxygenated deivtives of &penes).
The generl class ofterpenes fs defned by sructure, s shovin i Figore 1, which.
ncerporate muliple isoprens units (C:Hy). These compounds ey be cclic o acyslic
‘nd b atrated o unssirated. They also may contain various fntionel roups,
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Figare 1 sopseas units orgenized (0 orm a comman terpenc

The terpes shown n Figure 1 s limonene. The optically acive caantiomer, D-imencae,
i the mor component of creage il which is found i he ute,colored prtion.
(o) ofthe inds o oranges and o cirus fais,

Industially, sseie ol such as (p-imoneae) ae solated by many iffrent
metiofs 8 descrbed i Figure 2.
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e 2 indusrial methods for btaining Dlimonsne

Teaitonsly ssestal il e been exacted through the us ofseam distlation
organi sofvent extracion, During e past o decades, reat tides have bese made in
choology ha usessupencriiea o liquid earoon dioxide n place of organc sovents.
COn & wieulas & green aemativ solvent because it providss vizonmental and ety
wivniages; s onflammabl, eltvely nonioxic, readily avalsle, nd.
Cavironmtally benign. Procesing With CO3 lso reals in minimal lsblityinthe.
e of wnitentional release or residual soveat i the product. Altsough COyis®
Greezhouse gas, when used s asolvent i s caplured rom th simosphere,not pacrad,
Fesiing in o ot emvironmental b, Large-sele COprocessing s had commercie
£ Toe unsh solubiy proczni
o oy, a3 ase of removal o o well extiined COy ezanology for
racon of vaious food product, incuding essatial ol and hops, and for e
Gecaisination ofcoffee s s
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‘Supplemeatal Information - Green chemical processing in the teaching laboratory: A
‘convenien liquid O exraction of nstural procucts

Adother mijor beefitof using carbon dioxide as & solveat s s accessbe phise
changes. Unlike othe guses, elatively low temperatures and pressurs can be used 10
Form iquid nd supesecical COy. As shown on the phas diagam i Figure 3, CO:
sublimes (goes diretly fom s slid to # gs5) ¢ normal emospleric pressure of LO1 ber
The riple point f CO, where soli, liguid, and gas phass coevstn equiirium s
achieved 1 5.2 barand -S6.6°C. AY o nes this poit,dry ice malis, orming liuid
Carben dioxide, 1 the temperrure and ressure are ncrased t h critcal poin (135
bar 420 31.0°C), he CO exiss 8 & supereitial fuid sod has o distinct liguidor vapor
phase bt properties hat are sl to both.

10 = — _
% ¢ ol e i
5 ; =
g 1 _
&

T :
1 -
7 i 1
e 0 v ©
TemperatureC

Fgare : Totenpersore e g o cxbon desie clty s

Fhise trasformetions, twiple poin,axd criieal poiat. Adupted and used with
permission fom Chemical ogie Carporation.

Dry s sublimes s amosphere pressurs and temperutures above <78 °C. Iihe
O3t seeld in & veselduring sublimatios, e inernal prssure i e vessel insreasss.
Afe the tempesture snd pressurs have increased suiznty, iuid csbon doride
Torme. Due to ths scsesie phase change, arbon dicxidecen be vsed fo bench p
extustion processes.. n tny organic teaching Isboraoriss, Dimonens i extracted

of metbyleos chlorid or by ¢ sizam.

prosesscen be compared with diferent v
‘wast, urkty, energy s, ield, and sefey

o procedures through o svalueio o
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‘Experimental Procedure

SAFETY PRECAUTIONS: Due o te high pressare genersed dring the couse of
this experiment,there is some RISK OF VESSEL RUPTURE AND/OR FLYING
PROJECTILES, Under 2o circumstances should any vesses ot then the
recormended ones be vsed. Safety procedureshave been implemenied o mininize the
Ganger, bt i i essenta o follow these proseduees o protct yoursel nd otber
Students. Read all sefety notes and entivsprocedure before beginning ab.

Addltional Safety Notes:

1. Do not use any glass during this expesment. Substitutionof glss centrifuge tubss or
rdusied cytinders could roslt i secous njuris i shatieriog should oceur

2. Always wear eye proection. Foreign material could become lodged o th eye i€ ot
covered

3. Use goves when workingwith dry ee. Contactwithdry icscan damge siin tssuss

4. Do ot liguefy CO: more han S tmes i e seme ceniifgs ubs. Aflerrepested
cuefctios, e tube may become britle od uph.

Preparation

1. Prepase th orunge rind - Grate only te colored pars ofthe sl of 4 of ¢
i tized oange withthe smallstgrating sufucs of s sandard cheese reer
o 2aser o pre-weighed weighing bot, Miake sure you bavea¢ Jeast 2.5 gof
et orage ind.

2. Prepurs the extrastion vesel - Record the mass of 15 L centifuge tube by
weighing it n 8 mal tared beaker, Using 220 cm pece of copper wize ad &
pieceof 1.5 cm fltrpaper o cirse of small-mesh metal srees, make ol £ep.
e Figure 4 A-C). Wrup three colsof wine such fatthe apparatus s iside
e uba with he cols sopping ner th begizaing o e tape (1.5 L mack).
Use th restofthe wir s & handleprojecing up from th coils. ALl wireshould
b mside e b, Cut off sy exs e, Putane pece of e papes o scrze,
etween e cois, making  base 10 support e sli,and fold p the dges
sround e i Slce solid Cap o b 2nd eveigh de approrivaehy 25
s of rated aresge sind (NOTE: D ot pck tghty) and

weigt. Ca sact massoforang pesl ded 1 e ube,
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3. Prepare e exiracton envirosment — Fill  plastc ylinder or lrge-mouth
Polycsbonate water botile oze half o o izds ullof werm (40-50° ) tap
air. D notheat the water in e ¢ylinder or add hot water later in the
procedure. Any sulden increase in temperetu of sumouading water when the
Seiifuge ube s under presso can case e e to blow offsuddenly and
ittty NOTE: Morve ftem thatshold not get wet way from the ylinder
eeause slashing may oceur i th cap shoots of the ube.

e

i

Figure 4 Iustaton of the sxraction procedire. A solid twap s constroced by (A)
‘bending opper i ot coils and & bandle, () placing e paper o small-mesh mee!
sereen besvesn the vz cols, and (C) plcing he sold trap n centifuge mbe. For
ieacion, (D)t gated ofang pecl i plced in the tube, and () the tube i led i
&y e and seeled with & cp. (F) The prepare cenirifuge tube i plced in the weter o
the plasccylinder

Extracion

NOTE: Dt thesafey isucsInvolvd wihth rapd ncress o presurs during
i proceure i impartant o read and ndersand the ncie xtracton
procadure (416 befoe beginnin

e up with e
“Tap the ti ofube ontae enc and 246 more &y
thetube s ll. Twis cap on ughty il it stops ming. 17 cap doss ok sop
urning when tightened, removs che cap before procesding. Wit e
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omplee sea,the cap s lkely toshoot of. Replace the cap with  new one.
before plasing in weter 1 s doss oot provide »sea,replace the tube.

2. Immediatly fer capping, dop centifuge tube tepered end dow, o the waer in
e cylinger (sce Figur 4, 7). Prossare will begin 1o bild i the mbe and gas will
scspe slowly from the region where fe tbe and the cap meet. The plastic
eylinder functions s a secondary cantainer and proects you fom posible
jury. It tube shatess o th cap shoots off ay projeciles will be dircted
Sicsightup. Do ot place anything (including your face) sbovethe eylinder.
Waich th exireeion fom the ide, ot te op,ofth cylincer.

3. After 15 ssconds,liguid CO3 should sppeae. 1o lguid s appeared after 1 mimue,
here s ot suficient sal. Remove b from cylinder, tighten cap, and put
oack n wate, I epested tils do ot prodoce liquid, e cap or tube may need
o be eplace, Liguid should boil nd gas should escepe for bout 2 mimtes and.
45 sesonds, NOTE: Duing tis time, it s sometimes belpfl (0 slowly rotae the
ylinderon s base o provent th ceniifuge ube from frceing o the side of e
yiner. Never remove the ube from the plastic eyliader when the CO3 is
Tiquid, Tubes may ruptucecus topresure and theefore mustalways reaua in
sccondary continmeat,

4. Asthe T boils, it should pss throughthe peel and move 10 the bottom of the ube.
1t cannot reach th botiom of e ube, e ofl wil depost n the region o the.
fube conining the orangepeel. Thisdoss notllow for isolationofthe prduct.

Ao e liquid has evaperated snd gas s 10 longes
b cylinr it tweezers end opea the cap. Gpen cent
only after the gas has escaped., Opening tibe tht s under prsure could
el e cap shooting o rest dstance

6. 1 necesscy,searrunge he slid crenge peelbefre he second exvacion. A pisse Gf
Vit ca b used o break p the sclid mass and creat & channel o the botiom for
Tiquid CO;. Repeatte cxaction by refiling o tube with dry i, rescalin the
cap, and puting th tube bck in the wet. A third xtracion can b performed
inthe same man i desived. NOTE: T orange peeldoss aotpeed o thaw
between extacions

7. Produst(spproximstely 0.1 L pale yellow o) should be i the tp of the ube.
“when the extretion i complete. Carcflly remove (b sold nd e rap by
plling the wire bandle with weszers. Ifany soid emainsin th ube, remove ¢
Wit & sparle r wire, NOTE: Keep tube wpright to avoid product oss. .

B Dyt ousie of e i
of theproduct. Caleulsie
compared o the mas of o used
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Characteisation and Analysis

Kar
1. Record e inffred spectrun of neet roduct on Ne@i plates. Cormpare with
lterstuee IR specirum forD-limosene.

2 NVIR semple can be preped in CDCh. Compaee with liestre HNMR
petn forDimenene ¢

X Compareyiel,grecnaess, and iyt fogeof t et one s exrcion metbods

‘e distlstion o soveot extaction”
Loobtain 8 6C-MS spechrum o
References:

pud preduct, (see

(1) ChemicsLogis Corporston Web .
g chemicalogi.comdovnloadend._phise_igram.pdf (sccessed Féb 2004).

@) The simple apparatus used i i expesiment dos not llow fo sccurate
etermination of temperatur and pressure condiions under which the exction
occurring. Alliough fh system s not at equilibriun, he phase disgram and physical
Shiervations can be used 0 estimat th conditonsinth tube. Observaicn ofbot the.
‘el end soliiquid iteaces indicatesthat locally the temperature i s
temperatur i th rple poiat (6.6 °C) andth eiicl semperau (311 °C),

Formation o oeon th surfcs o he tube furter brackets the femperare 0 bewesn -
56 8nd 0 °C. The pressure s passively rgulatedby he Jaking from the ube and, dus
ot liqueiaion, s assumed o besbove he pressu a the tipl pint (5.2 bar) but
v thepresurethat would induce sbe ruptre. These obscrvetions indicate tat
condiions approach thoseof the ipl poin.

G For steam disillton, compare o ssentel il sica islzion prosede i
Pevie,D. L Lampms, G. M. Kri, G S; Engel, R. G. Irodcton o Orgaric
Laboratory Techntgues. 4 Microscoie Approach. d B, Saunders Cllege Publishizg:
Sin Dicgo, 1999, pp. 487491, For peniane exzatio, compare o procedure fatued in
Smith, D. ., Forlnd, S; Bochanas, E.; Matefa, M.; Basect, V. Chem Educ. 2001, 6,
231





