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ABSTRACT

Theviscosity of SC-CO, increasesrapidly inthecritical region, itsorder of
magnitude is an order less than those of liquid organic solvents even at
very high pressures. Hence an attempt was made to extract the oil using
SC-CQ, to study the quality, quantity and compositions of the oil. Pressures
ranging from 80-150 bars with temperatures, ranging from 28-60°C were
employed. SC-CO, yielded 2.22 wt% (2 h) of orange il and hydro ditillation
gave 1.14wt% (9 h) of orange oil. The constituents of SC-CO, orange oil
was a-pinene 0.14, B-pinene 0.99, myrecene 2.65, limonene 88.68, terpinolene
0.55, C, aldehyde 0.33, citronellol 0.11, and linalool 0.75 respectively. Hydro
digtillationyielded a-pinene 1.79, B-pinene 2.20, d-limonene 76.93, myrecene
5.18 and unidentified 14.18 respectively. Supercritical carbon dioxide
extraction technology facilitates the uniform bed that allows reasonable
heat and mass transfer as the surface area of the grounded orange peels
either wet and/or dried increase the surface area for better penetration of
the fluid under sub/supercritical conditions of set parameters. That gave
the enhanced yield and extractability of the Orange peel oil constituents.
Small changes in pressure or temperature have shown large changes in
density and yield. © 2014 Trade ScienceInc. - INDIA
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INTRODUCTION

Supercriticd fluid (SCF) extractionisan extraction
processutilizing afluid asan extract-ant at tempera-
turesand pressuresexceeding itscritical temperature
and pressure. Itispossibleto separateamulti compo-
nent mixture when asupercritical fluidisused asan
extractivesolvent by capitalizing on both thedifferences
incomponent volatilities(i.e., ient featuresof ditilla-
tion) and the differencesin the specificinteraction be-
tween the mixture components and the SCF solvent.
The application of SCF solventsis based on the ex-

perimental observationsthat many gases exhibit en-
hanced sol vating power when compressed to condi-
tionsabovethecritica point!™.

Supercritica fluid extraction (SFE), which hasre-
ceived muchinterest initsuseand further development
for industria applications, isamethod that offerssome
advantagesover conventiona methods, especialy for
the palm oil industry. SC-CO, refersto supercritical
fluid extraction (SFE) that uses carbon dioxide (CO,)
asasolvent whichisnontoxic, inexpensive, nonflam-
mable and non polluting supercritical fluid solvent for
theextraction of natura products. Almost 100% oil can
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be extracted and it is regarded as safe, with organic
solvent-free extracts having superior organol eptic pro-
filed?.

Desorption of bigarade pedl oil from apolar ad-
sorbent was performed by supercriticd CO, toimprove
theoil quality by selectively eiminating hydrocarbon
terpenesand coumarins. Theoil fractionsobtained at
40 °C, at pressures between 7.7 and 12 MPa, and at
different desorption timeswereanalyzed by GC’MS.
(GonzaloA. N. et a. 2010) studied the solubility in
supercritical carbon dioxide (CO,) of farnesol. Thedif-
ferencesin sol ubility between farnesol, naringenin, and
other sesquisterpenesor flavonoidsreported inthelit-
eraturewere partidly explained by differencesin mo-
lecular weight and polarity between solutes?.

Researchers have studied the extraction of citrus
peel oil from Japanese citrus fruits employing
supercritical CO, at 333K and 20 MPain order to
comparethe compositionsand efficiency of extraction
fromthedurries. Oxygenated compounds (contain an
aldehyde and ester group) intheoil represented 8.84,
5.5and 4.49% inlemon andviceversa®,

Thesupercritical fluid extraction of orange essen-
tid oil wasstudied employing dehydrated orange ped,
(0.0538 kg H,O kg™ dm) from navelinecultivarsas
raw material and CO, assolvent. Theeffect of opera-
tion conditionswasanalyzed in aseriesof experiments
at 313, 323K, and pressures between 1 and 25 M Pa.
Furthermore, the effect of CO, flow rate and particle
size of orange peel was studied intherange of 0.5to
3.5kg h'and 0.1 to 10 mm. The authors have re-
ported theyield of the ol as1.3% by smultaneousdis-
tillation extraction and 0.3% by steam ditillation and
0.3% by lyophilisation®,

Our® gbjective of the research was to develop
thefeasible process of extracting Orange pedl oil and
to best manage the demand of orange oil. The study
wascarried by varying pressure, temperature, and batch
time. Flow rate of supercritical carbon dioxidewasnot
of great importance asthe higher flow rates did not
contributed in theyield enhancement. Hencethe study
wasinvestigated with theflow rate, 5kg h. Study con-
ducted by various authors using SC-CO, had shown
theinteresting results.

Supercritica fluid extraction hasbecomevery im-
portant in thefield of extraction of foods materials. It
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has advantages such as excellent masstransfer rates,
ease of control of solubility and solventsfreeextracts.
CO, isone of themost commonly used supercritical
fluids (SCF). Thisisbecauseit haslow critical tem-
perature (31.1°C) and critical pressure (73.8 bars). It
is abundantly available at low cost and odourless,
colourless, nontoxic, noninflammable, non corrosive
innature®.,

Theprocesses|ike Cold-pressmethod, hydro dis-
tillation havebeen mentioned in theliteraturesand until
the SC-CO, technique cameinto the existencethe com-
mercid explorationof Orangeoail (bitter or sweet) were
being carried out by the said methods. Asamatter of
factsthesetwo techniqueshave beenfound to suffering
fromthelow yield astheoil emulsifieswhile processed
by Cold-Pressmethod and hydro distillation that yield
theoil with low oxygenated composition and theail
suffer with burning note. The conventiona techniques
found to lose the important oxygenated compounds
aongwith D-limonenebe ng thema or constituents of
theoil. Assupercritica conditions, havethelow dengity
ascompareto subcritical conditionsand hencetheex-
traction wasa so conducted under the subcritical con-
ditionsto study and compare the compositional stat-
utes. Thevarioustreatmentswerefound to belacking
inretaining the some of the oxygenated compoundslike
C, ddehyde, citronellol and lialool whereasthesewere
extractedinbetter yidd under subcriticad conditionsthan
supercritical conditions due to better mass and heat
transfer. Two components are necessary for acitrus
odour, that is, d-limoneneand citral. It isresponsible
for the base sensory character of the citrusoils. The
individual odoursof thedifferent citrusfruitsand their
variouscultivarsarenot dueto variousdifferent chemi-
casbut rather to the proportionsof thevarious chemi-
cal components. Very recently researchers el aborated
theeffects of modified atmosphere on physi co-chemi-
cd characteristicsand sensory eva uation of Indian bit-
ter orange oil that supports our claimfor the present
study with supercritical/subcritical carbon dioxideex-
traction conditiong”8.

EXPERIMENTAL

Orange peels fresh as such, sun dried, alkaline
treated, freeze stored at 15°C for over 15 dayswere
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employed for extracting oil using SFE and hydro distil-
lation. In case of SFE thefresh peel swereground with
moderate mixing and were charged into the extractor
of thepilot plant. Pressure and temperatureswerevar-
ied along with batch time and flow rate of SC-CO,,

Material and methods
SC-CO2 extraction

Carbon dioxide gas (99.9%) was purchased from
Indian Oxygen Limited. Orange peel swere collected
freshly from fruit merchant, local area of Matunga,
Mumbai suburbs. The standardsorangeoil constitu-
ents were purchased from Sigma-Aldrich Co. (St.
Louis, MO). The SC-CO, pilot plant (Figure 1), with
extractor and separator capacities of 1 L each, was
imported from UHDE GmbH (Dortmund, Germany).
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HE : Heat Exchanger FM: Mass Flowmete|

PCV: Pressure Control Valve

T: Temperature Sensor
P: Pressure Gauge

Figurel: SC-CO2 Pilot Plant schematic flow

The SC-CQ, pilot plant was procured with agrant
from DST (Government of India).

Orange pedl s (citrusaurantium), bitter oranges,
were collected from thefruit process ng merchant pro-
cured from the Nagpur region of Indiaand covershuge
areafor cultivation of Oranges. Themerchant wasre-
guested to placethe pedsintherefrigerator sothat an
entire study may use the peels from the same | ot of
oranges.

Operation of thesupercritical plant

The CO, from the cylinder was allowed to pass
through the preheat exchanger to bringtothefluid state
and later was stored inthe 20 litrereservoir. Thispro-
cesstakes 45-50 minutesand was utilized until theex-
traction parameters complete. In the mean time the
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grounded orange pedl swereweighed and chargedinto
the extractor of 1 litre capacity. The extraction tem-
perature was set by switching onthethermostat. Once
thereservoir wasfull with fluid sate CO,, thenthe CO,
feed wasstop. Theflow ratewas set asper thecdlibra-
tion graph of pneumatic pump and the pneumatic pump
was put on to start the process. Accordingly the pres-
sure of the pilot plant was aso set every time of the
cycles. The extraction was carried out under the set
parameters of temperatures and pressures. The sub-
critica state of CO, fluid wasbrought about by adding
iceinto thethermostat, assuch sothat thetemperature
be maintained at 28°C (subcritica temperature). Once
the set pressure of extraction was achieved then the
solenoid valveautomaticaly cut of thepressureand the
extractsof orangeped oil werecollectedintothesample
tube. Theoil wasthen analyzed for assessing its con-
stituents by GC and capillary GC each time of the set
parameters.

Sundried Orangepedls

The peelswerekept in the shade exposed to sun-
light and weredried for about 8-10 hrs. Theentireyield
ca culationsin every technique studied isbased onthe
dry basis.

Analysisof orangeoil

Andysisof Orangeoil wasdoneby usnggaschro-
matography (Perkin-Elmer 8500), column specification
and temperature programme are described asfollows:
column SE30 (10%) on chromaosorb W, column mate-
rial S.S, column length 4 meter, interna diameter 1/8
mm, injector temperature 300°C, FID temperature
300°C, flow rate of N, 30 ml/minute and temperature
programming 100-250°C with 5°C/minuteriseof tem-
perature, final hold time 5 minute®9,

Supercritical carbon dioxideextracted orangeoll
wasand yzed by capillary gaschromatography (Hewl et
Packard 5890). The analysis conditions and column
specification of capillary columnisasfollows: column
BP5 (equivaent to SE54), column material Vitreous
silica, columnlength 50 meter, typebonded phase, in-
ternal diameter 0.22 mm, orifice diameter 0.33 mm,
injector temperature 250°C, FID temperature 280°C,
carrier pressure 10 ps, split ratio 1:10 and temperature
programme 70-240°C with 10°C/minuterise of tem-
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perature, final hold time 20 minute*Y.
RESULTS

Effect of temperatureon theextraction of Orange
oil

Theextraction wascarried under subcritical condi-
tion (28°C,) pressure 150 bars, batch time of 2 hour
and flow rate of 5 kg h* (Figure 2). It wasindicated
that D-limonenewas the major constituent of the or-
angeoil. It wasfound that at constant pressure with
increaseintemperaturetheyield of theorange ped oil
wasfound to increasetill 55°C. At 60°C the extraction
of orangeoil wasfound to decreasedlightly. (TABLE
1) Mgor condtituentsof (TABLE 2) theail, D-limonene
wasfoundtoincrease upto 89.28% at 60°C. Thecom-
ponents a-pinene, B-pinene, terpinolene, Cy-adehyde,
linalool and citronellol werefound to belessthan 1%
whilemyrecenewaslessthan 3%intheextracted oil.
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Figure2: Effect of SFE temperaturesat 150 bar son extraction
of Orangeaoil

TABLE 1: Effect of temperatureon theextraction of orange
pesdl oil

Extraction Temperature (°C)

Yield of Oil (wt % of peels)

28 0.58
35 0.93
45 145
55 2.22
60 1.97

The compositionsof the congtituents at these con-
ditions were a-pinene (0.14%), B-pinene (0.99%),
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myrecene (2.65%), D-limonene (88.68%), terpinolene
(0.55%), C8-adehyde (0.33%), citrondlol (0.11%) and
linalool (0.13%). Thedecreasein theextraction of or-
ange oil may be attributed to the fact that above 55°C
some degradation productsstart forming, thusreduc-
ingtheyieldi*213,

TABLE 2: GC analysisof SC-CO, extr acted or ange ped oil

Composition
T°C PBars
1 2 3 4 5 6 7 8
28 150 0.08 058 197 8825 058 0.16 045 0.24
35 150 010 0.76 230 76.72 058 0.27 0.16 0.2
45 150 010 0.75 2.09 86.62 0.16 038 0.10 046
55 150 014 099 265 8868 055 034 0.11 0.75
60 150 012 0.79 227 8928 054 014 041 013

1) e-pinene 2) B-pinene 3) myrecene 4) d-limonene 5)
terpinolene 6) C, aldehyde 7) citronellol 8) linalool

Effect of temperature had shown the progress of
extraction of various congtituentsin gppreci ableamount
specificaly the oxygenated compounds (bearsa dehyde
and ester functiona group) C,-adehyde, citronellol and
lindool. Unlike SC-CO, wasfoundto extract theoil in
lesser processtime and the presence of the moisture
withinthe Orange pedshavefoundto play aroleof an
entrainer tofacilitatethe non-polar natureof thecarbon
dioxideto polar and enhancestheextractability in short
batch time'213,

Effect of pressureon theextraction of orangeoil

Inthispart of study pressurewasvaried in between
80-250 bars, at 55°C, 5kg h* flow rate of SC-CO,
and 2 hour batch extraction time. With anincreasein
pressure at constant temperaturetheyied of theoil was
foundtoincreasetill 150 bars. 150 barsonwards de-
creaseinthedegree of extraction was noticed specifi-
caly at 200 and 250 bars. Mogt of thevolatileoil com-
ponents get extracted at pressuresin therange of 80-
150 bars. Thispressureonwardsnoincreaseintheyield
of theoil wasfound. Anoma ousbehaviour of decrease
inyield at high pressures at 55°C may be dueto the
obstruction for the flow of SC-CO, because of de-
creasein void space of the packed bed. (Figure 3) may
bereferred213,

The compositionsof the extracted orange ol have
shown that d-limonene was the major constituents
(about 90%) of the ail. The other componentswerea-

) CHEMICAL TECHNOLOGY

Hn Tndéan g%wumé



12 Supercritical and subcritical carbon dioxide extraction of Indian orange peel oil

Full Paper =

CTAIJ, 9(1) 2014

1.30

pinene, -pinene, myrecene, terpinolene, C-adehyde,
citronellol and linal ool. Out of these except myrecene 5] /
that is2.5-3%, the rest of the constituents were less ]
than 1% each. Percent composition of the orange pedl 120
oil a 150 bars and 55°C are o-pinene (0.14%), p- - /
pinene (0, 99%), myrecene (2.65%), D-limonene = “5’_ "
(88.68%0), terpinolene (0.55%), C,-al dehyde (0.33%), ; 1104 ///
citrondlol (0.11%) and linal ool (0.75%)™49, g ,
. & 1054 /
22+ s 1004
/
/ 0954
20 /
- / \ 0.90 —
o / a 2 4 6 8 10 12
§ 184 //v \ Batch time (hour)
o / Figure4: Effect of batch timeusing hydrodistillation on
= 5,-' \ yield of Orangepeel oil (un-ground fresh peels)
% T TABLE 3: Chemical composition of orangeped oil sundried
== \\ stored inrefrigerator at 0°C in polythenebag
14 ﬂ;“' \ Batch time (h) Chemical composition (% area)
|/ " 1 2 3
" . 1 0.6564 2.0620 93.565
60 80 100 120 140 180 180 200 220 240 260 2 0.8564 2.0666 93.590
SFE Pressure (bars) 3 0.8197 2.2227 92.907
Figure3: Effect of pressureon extraction of Orangeoil at 4 1.0951 2.9984 90.320
550C 5 1.1725 2.5204 93.205
6 1.0266 2.9505 95.420

Hydrodistillation of orange ped oil
1) a-pinene 2) p-pinene 3) D-limonene

The ungrounded fresh peels (Figure 4) were ex-
tracted using hydro distillation process. Thedatafor
batchtimeof 3-12 hoursfor hydro distillation and their

TABLE 4: Effect of fractionation on yield and composition of
sun dried Orange peel oil

compositionsispresentedin (TABLE 3&4). Itwasseen T(irr:)‘e %Yied — Pezrcem c;)mposi;ion c
that even employing 12 hoursof batchtime, theyield of 1 o5 179 207 7693 918 1418
oil was only 1.27 wt%. The poor yield may be ex- ) 0'80 1'09 1'23 76‘77 9'68 11‘23
plained onthebas sof increased thicknessthroughwhich 3 0'65 0'83 0'94 77‘62 7‘82 12'79
theoil must diffuseout of pedstoavailablefor ditilla- ' ' ' ' ' '
: L 4 060 068 077 79.01 640 13.14
tion. Thelack of pre-treatment such asgrinding may

. . - 5 045 060 0.67 7555 563 17.55
have not exposed the oil bearing sacksfor obtaining 6 020 057 064 7331 539 20.09
theoil. Thisfurther reducestheyield. Thoughtheail D epinens 2 — ,nené 3 D_'I,moner']e 2 m recen.e 5
yieldwasdightly foundto increaseat the 12* hour but unizef,'tmed b-pi ' Y

keeping in mind the optimum yield and the optimum
batch timethedistillation wasnot carried farther. Frac-
tionation study was conducted employing hydro distil-
lation and each result was anayzed by gas chromatog-
raphy!617,

Effect of batch time on sun-dried ground peels
stored in cooling chamber at 0°C

Thepre-trestment of orange pedl sinvolvesun-dry-
ing, grinding and then storing the ped sin cooling cham-
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ber at 0°C. The orange peel powder had a moisture
content of 10% (Karl-Fischer method). Thiswasused
for hydrodidtillation with different batch timesfrom 1-6
hours. Thedatahave shown gradud increaseintheyidd
of oil and d-limonenewith batch timeof hydro distilla-
tion617,

Thed-limoneneintheoil wasmorethan 93%. The
a-pinene and B-pinene were also present more than 1
and 2.5% respectively at batch times of 4-6 hours. It
was observed that pH of water post distillation was
acidic. Thismay bedueto thedegradation of thermally
|abile congtituentsthat on oxidation resulted conversion
toacids. Inview of thisobservation, akainetrestments
of orange pedlswerethought to be promising(*67.

Hydro distillation of sundried orange pedl yielded
oil, inwhich geranyl acetatewasfound to beabout 0.1
%. Linalool and C_-aldehyde wasfound to be absent.
Highly volatilefraction of theorangeoil responsiblefor
characteristic odour did not get distilled during the pro-
CEsS.

Effect of batch time on fresh ground peelswith
0.4% alkalinetreatment

Thefresh ped swerefirst soakedin 0.45% akaline
(Na,CO,) solutionfor 4-5 hours. Thiswas then sub-
jected to grinding and was used for hydro distillation.
Prior to distillation the water used for the processing
was heated first and then theground peel swere charged.
Therecovery of the oil was not much better in com-
parison to sundried peels. The pH of process water
wasfoundto beneutra (post didtillation). Thiswasdue
to the preakalinity, but yield of major constituent d-
limonene was found to be lower. Analysis of the oil
shownthe presence of C,-aldehyde (0.05%) andlina-
lool (0.37%), but geranyl acetatewasabsentinthedis-
tilled orangeoil™",

Effect of batch time on sundried ground peels
stored more than 15 daysin therefrigerator at
15°C

Inthesesatsof experiment theground sundried peds
stored more than 15 daysin therefrigerator at 15°C
were employed for hydro distillation with cold water
circulation through the condenser to trap the constitu-
ents. Itwasfound that theyield of the oil wasapprecia-
bly decreased and morevolatile constituents respon-
sblefor orangefragranceweretrapped. Asaresult the
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fragrance of theail recovered wasexcellent. Theyield
of theail, B-pinene, and d-limonenewasfound to be
less. Linalool wasfound to belost asthe ground peels
werestored intherefrigerator for morethan 15 days.
Geranyl acetate (0.06%) and C,-aldehyde (0.22%)
werefound to be present inthe oil 1781,

When the refrigerated stored orange peelswere
hydro digtilled over thebatch timeof 1-6 hoursthenthe
yield of the orange oil wasfound to bereduced drasti-
caly not only that but theyield of thed-limonenealso
reduced. Theunidentified constituent wasfoundto re-
cover ingood yield. The study was quiteimportant to
reved theincreasing yield of theunidentified constitu-
ent. (Figure5) showsthe comparison of the constitu-
entsyielded by the hydro distillation and SC-CO, it
hasclearly indicated that the hydro distill ation of Or-
ange ped oil wasnot efficient to recover themgjor ter-
penes and oxygenated constituents as compareto SC-
CO, extraction technology inlesser batch time"9,

Ea-pinene
B B-pinene

myreceng

®e o =~

u d-limonene

H terpinolene

B C8 aldehyde
citronellol

linalool

Hydro distilled and SC-CO2 composition comparison

Figure5: Comparison of Orange ped oil’sconstituentsby
hydrodigtillation and SC-CO2

DISCUSSION

Interpretation of data(figure5) gavegreat under-
standing about the extractability of compositions by
supercritical carbon dioxideand conventional methods.
The extracts obtained by SC-CO, gave the oxygen-
ated compoundsin high percentage ascompareto con-
ventiond techniques. Theextractsby SC-CO, sustained
the better shelf life asafact that the SC-CO, actsas
germicidethat killsal the pathogensresponsiblefor de-
teriorating thequality of theoil or natural products. Hy-
drodigtilled orangeoil had the oxygenated compounds

) CHEMICAL TECHNOLOGY

Au Tudian Yournal



14 Supercritical and subcritical carbon dioxide extraction of Indian orange peel oil

CTAIJ, 9(1) 2014

Full Paper =

invery less percentage with burnt odour. The orange
oil congtitutesonly 5% of the oxygenated components
and hencedifficult to berecovered by any conventiona
techniquesbut SC-CO, efficiently doesthat. Now days
thedemand of SC-CO, extracted oil isvery highsince
itisfreeof any contamination. Theoil with high oxy-
genated contentsfetchesthe high priceinthecommerce.
Thephysicd propertieseva uated by variousanayticd
instruments and met the specification of SC-CO, ex-
tracted orangeoil by theinternational standardg”.

The SC-CO, was operated with easewith regards
to low flow rate, short batch time and moderate ex-
traction pressure and the CO, was quiterecoverable
and reusable. Theextracted oil wasrecovered by de-
pressuri zation during the processing. Moi sture content
of the ped swasdetermined us ng Clevenger apparatus
and Karl-Fi scher method. SFE was utilized by varying
the pressures and temperaturesto study the effect on
yield and quality of orange oil. Comparative studies
using conventional technology did have some disad-
vantageson theyield and quality of oil. Physicd prop-
ertieswere eva uated to approve the conformation of
theextracted oil and werefound to conformtotheva-
ues reported’-29,

Hydro distilled orangeoil shown that a-pinene and
B-pinene were distilled in good yield as compare to
SC-CO, but theoil was more prominent initsterpenic
contentsthan itsoxygenated constituents’ content and
wascolourlessail. Thecontentsinsundried ground peds
werefound to belessthan that of the oxygenated com-
pound as 14.18-20.09%. It was quite interesting to
know thisbut could not be established aswhat the con-
dituent was. Surprisingly themyrecene content wasa so
higher as compareto SC-CO, resultg'"#.

It wasreported that theyield of theoil as1.3% by
smultaneousdidtillation extraction, 0.3% by seamdis-
tillation and 0.3% by lyophilisation. Sulphated orange
pedlsstored at 0.1°C for 2 monthsthelevel of extracted
essential oil increased from 0.44 to 1.06% where as
for cold stored untreated peelstheyield it increased
only from 0.44to 0.66%. They reported theyield of
theoil as 1.1-1.4% by using hexanol, hot methanol,
and 1% citric acid by maintaining the pH at 2.6,

The process of hydro distillation yielded the Or-
angeped oil withthe 1.27% (pH 4.27) in 12 hours but
revealed toloseall the oxygenated compounds. The
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yield of theterpeneswas good ascompareto SC-CQO,.
Whereasthe sun dried ground peel swhen stored for
the 15 days under refrigeration and hydro distillation
haveyielded the Orange ped oil that found to contain
an unidentified constituent with thegood yield varying
from 14.18-20.09%. Predictably the bed size of the
orange peel swhether sun dried and wet had shown to
play animportant roleonthesurfaceareaand diffusvity
by carbon dioxide under sub/supercritical conditions
ontheyidd of theail and their constituentg23.

Propertiesof hydrodistilled oil

Physica propertiesof orange oil weredetermined.
Thevalueswerefound to be conforming to the speci-
fied valueshaving mentioned in theliteratures. These
physcd vauesareof utmos importancefromthequdity
point of view and decidetheshelf lifeof theall. It dso
hel psin evduatingthe progressof thedistillation of the
various constituentsand also helpsinindentifying the
rancidity of theoil with regardsto itsoxidation. The
manual adulteration (TABLE 5) could also beexam-
ined withthehelp of thesevalues* %,

TABLE 5 : Physical properties of the subcritical carbon
dioxideextracted orangeped oil

Physical property Values
Colour of the oil light pale yellow
Refractive index 1.47175
Acid value 7.14
Optical rotation [a] P2 +93.58°

bdetermined as a 1% solution of oil in absolute alcohol (w/v)

TABLE 6: Refractiveindex of physically treated or angeped
oil

Treatments Values
Sun dried peels 1.4701
Treated peels 1.4712
Stored pedls 1.4791

Significant differencewasfound inthevauesof re-
fractiveindex of oil (TABLE 5) of pretreated peels
extracted from each batch. Refractiveindex vaueswere
foundtobevarying. ThusRI asamgjor physical value
of the oil wasfound to vary dueto pretreatment and
different batch timeconditionscarried out for the study.
Refractiveindex valueswere determined employing
Bausch-Lomb refractometer. Marked variationsin the
values of Rl (TABLE 6) were observed in case of
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stored peelsat 2, 5, and 6 hoursof batch time.
CONCLUSIONS

The optimum conditionsfor thevolatileoil extrac-
tion of orange peels using SC-CO, were 55°C, 150
bars pressure, 5kg h'* of flow rate and 2 hour batch
time. Theyield of theoil was 2.22 wt%. Quadlity of ail
was absol utdly fragrant and resembling asthat of fresh
orangeped oil. The colour of theoil waslight paleye -
low.

Varioustreatmentsweregivento orangepeds. The
best resultswere obtained when sun dried ground pedl's
stored in cooling chambersat 0°C processed by hydro
distillation. Theyield of theoil varied from 3.42 wt%-
3.99 wt%. The pH of water was found to be acidic
during hydro distillation. Pretreatments havefound to
shown remarkableresultson yield and quality of the
orangeoil.
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