Jearaal of

Volume 1 Issue 1

Foob SciENCE RESEARCH

—  [FUl] Peper

JOFSR, 1(1), 2016 [010-014]

Survey on the extraction of ail from olive by supercritical fluid

Maryam Bahmani Bahman Beigloo!, Farshad Farahbod?*, Ali Sheibani?
1Department of Chemistry, Yazd Branch, |damicAzad University, Yazd, (IRAN)
2Department of Chemical Engineering, Firoozabad Branch, | damicAzad University, Firoozabad, (IRAN)
E-mail: mf_fche@iauf.ac.ir

ABSTRACT KEYWORDS
The high cost of organic solvents together with stricter environmental Supercritical fluid;
regulations and higher safety standards for medical and food industries Qil;
emphasize the need for the development of new and clean technologies Temperature;
for the processing of food products. Supercritical fluid extraction (SFE), Pressure.

using carbon dioxide asasolvent, may be aviable aternative to the use of
chemical solvents. The objectives of the project were to test the viability
of extracting olive oil fromdried oliveswith sc-CO2 by employing alabo-
ratory-scale supercritical extractor; determine the composition of the ex-
tracted oil by means of a suitable analytical method; optimize the yield of
extract by determining the optimum process conditions (temperature, pres-
sure, time) with a statistical experimental design and surface response
analysis and obtain a product which is free of harmful solvents and ready

for human consumption without any subsequent refining, finally.
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INTRODUCTION

Extensiveinvestigationinthemid-1800’s on the phase
behavior of carbon dioxide resulted in the values
30.92°C and 74 atm for the critical point of carbon
dioxide, which are in close agreement to presently
accepted values 31.1°C and 73.8 atm. The first
industria application of supercriticd fluidsisconsdered
to bethede asphalting of heavy minerd ail fractionsby
means of dense propanein the petrochemical industry
in the late 1930’s. Since the 1950’s, studies and
development efforts have been focused on new ways
of separating substances by making use of theunique
propertiesof supercritica fluidg3. Applying the concept
of supercritical fluid extraction (SFE) to industry,
scientists from the Max Planck institut fur

Kohlenforschung studied thefeasibility of usng SFEin
thefood, petroleum and chemical industries. Zosd and
coworkersfromtheMax Planck Ingtitutewerethefirst
to characterize the use of sc-C02 as a solvent for
caffeing. In 1987 thefirst decaffeination plant was
commissioned by HagAG in Bremen. Followingthisa
plant for hops extraction was constructed in 1982 in
Germany and later in 1985 and 1988 facilitiesfor hops
(Pfizer) and coffee (Generd Foods) werecommissioned
intheUnited States?.

Inaddition, thereisan increasing public avareness of
hed th, safety and environmental hazardsassociated with
the use of organic solvents in food processing and
possi ble sol vent contamination of thefina product. The
high cost of organic solvents together with stricter
environmenta regulationsand higher safety standards
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for medical and food industries emphasi zethe need for
thedevel opment of new and clean technol ogiesfor the
process ng of food products. Supercriticd fluidextraction
(SFE), using carbon dioxide as a solvent, may be a
viabledternativeto the use of chemical solvents. One
of themoast popul ar and successful applicationsof SFE
istheextraction of fatsand oilswith supercritica carbon
dioxide (sc-C02). Almost dl fatsand dilsliewithina
polarity range extractableby CO2 or CO2 and an added
modifierlt2. C02 isselected as solvent duetoitsnon-
reactive and non-toxic character, low cost, modest
critical parameters, easy solute solvent separation and
high selectivity?.

Extraction by supercritical fluid

Supercritical fluid extraction hasbeen traditiondly
applied inthefood and pharmaceutical areas. Recent
advancements in supercritical fluid technology are
nutraceutical extracts (natural extractsfrom plantsor
natural productsthat exhibit physiological or health
benefits)i*3. One of the most popular and successful
applications of SFE isthe extraction of fatsand oils.
Besidesthe ecological benefits, lipidshavevery high
diffusion coefficientsin supercritical fluids, much larger
thaninconventiond liquid solvents. Thus, theextraction
rates are enhanced and less degradation of solutes
occurg®,

History of olive

Theoliveisnative of Palestine. It wasknownin
Egypt inthe 17th century B.C.¥. Theoil wasused for
cooking aswell asfor burninginlamps. Inthe 1900s
pickling and canning procedures were developedin
Californid®. Today the oliveisthemost extensively
cultivated temperatefruit intheworld andis produced
in 39 countries worldwide, including all the
Mediterranean countries, the south western United
States, southernAugtrdiaand northernAfrica In South
Africaoliveshasbeen commercialy cultivated sincethe
20th century, residing mainly in the Western Cape'.
Morerecently, cultivation extended to thedrier summer
ranfdl regions.

(a) Economical significance

Worldwide 15724 187 million tonsof olivesare
produced on an areaof over 8 million hectares. The
United Statesindustry vauewas $60.7 millionin 2002,
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and hasvaried between $34 and $102 million over the
last decad€e®. In 2004 South Africa’s total olive oil
production was 490 tons, compared to thetotal world
output of about 3 million tons. The advantage South
African producershave, isthat oil ispressed during the
European off-season, when oil is scarce and northern
demand ishigh®. In addition, thelocal olive market
shows a 10% growth in demand each year for table
olives, and 20% annudly for 0il®. SouthAfricanolive
oil doesvery wdl ininternational competition. In 2004
Kloofenburg Estate olive oil won aprestigiousaward
intheltaianworld oliveoil guide, which cited it asone
of thebest 15 oliveoilsintheworld®.

(b) Olea europaea asmedicinal plant

Natural productsand their derivatives represent
morethan 50 % of dl drugsindlinica useintheworld.
About 119 plant derived chemica compoundsof known
gructurewereidentified ascurrently being used asdrugs
or biodynamicagentsthat affect humanhedth, including
morphine, atropine, codeine and digoxin. It hasbeen
estimated that 80% of people living in developing
countriesareamost compl etely dependent ontraditiona
medicinal practicesfor their primary health care needs,
which meansthat about 64% of thetotal popul ation of
theworld utilizesplantsasdrugd?. Researchinmedicind
plantsisthusof immenseglobal importance. Oliveail
derived from theripefruit of Olea europaeaishighin
monounsaturated fatty acidsand antioxidants, which
correlatesstrongly with thelow ratesof chronic diseases
and particularly coronary hart disease (CHD) seenin
Mediterranean countries where the majority of fat
caoriesconsumed arederived from oliveoil. Western
countriesin contrast, where dietsarehigh in saturated
faty acids, haveahighincidenceof CHD. Thissuggests
that olive oil, through its beneficial effectson lipid
metabolism, blood pressure, diabetes and clotting
mechanisms, playsamagjor roleinhedth preservation®.
Inaddition, avariety of organicliquidsand aselection
of inorganic substances, noble gasesand water may be
used assupercritica fluidg®. Thechoiceof supercritica
fluid isdetermined by the polarity of the substanceto
be extracted and the technical feasibility of the
conditionsrequired existing asasupercritical fluid.
Corrosive, environmentdly hazardous, flammableand
explosive substances are typically unsuitable as
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supercritical fluids®. The relatively mild critical
conditions, abundance, low cost, non-toxicity and un-
reactive nature of CO2 makeit asuitable supercritical
fluidfor avariety of processes®. C0O2 can beused for
theremovd or extraction of non-polar and weekly polar
compoundslike alkenes, terpenes, aldehydes, esters,
alcohols and fatsd™. Variation of temperature and/or
pressure, or density, allowsthe solvent strength of sc-
C02 to beadjusted to dissolve specific substances better
than common organic solvents. The addition of small
amountsof co solvent allows sc-C02 to dissolvemore
polar compounds®. Highly polar compounds are
insolublein CO2, thoughwater issolubleupto 0.3 mass
%in C02at 250 atm and 50°C. Two classes of polymers
arenotableexceptions, viz. anorphousflouro polymers
and silicones. These materials, which havebeen found
tobe CO2-phillic, serve asessentia building blocksfor
surfactantsdesigned for applicationin near-critical and
sc-C02. Thesolubility of both polar and nonpolar solids
inasupercritical fluid may beenhanced through theuse
of amodifier. Modifiersare added to thefluid in low
concentrations (5% or lessonav/v basis) and areeither
polar (acetone, methanol) or non-polar (propane,
octane). CO2 hasasmall polarisability and no dipole
moment, making it possiblefor additivesto increase
the polarisability of the substance. Modifiershave been
shown to increasethe solubility of asolutein the sc-
CO02 by an order of magnitude. Whileitisknown that
the polarisability of CO2 isaffected by themodifier, its
interactionwiththesoluteisstill amatter of investigation.
Methanol and acetone have been the modifiersmost
often studied. Methanol can act aseither aLewisacid
or aLewisbase. During SFE themethanol may interact
with functiona groupson the soluteor it may only be
involved in sol vent sphereformation. Solvent sphere
formation seems to be more afunction of methanol
concentration rather thenitsability togainor losedectron
density. Acid-baseinteractions between sc-C02 and
an agueoussystem cause pH to haveadefiniteinfluence
on any process occurring in suchamedium. Thefact
that water is present in alarge variety of extraction
matrices stresses the importance of acid-base
interactionswithinsupercriticd fluids.

Inthis study the extraction of oliveoil fromdried
oliveswithsc-CO2wasinvestigated. Extractionof olive
oil with sc-C02 hasthe potentia advantage of obtaining

highyieldsof oil withinrelatively short extractiontimes
and afina product that isfree of organic solventsand
comparesfavorably withcommercia oliveoil without
multiple refinements. Several authors have reported
solubility datafor certain componentsof oliveoil, as
well assc-C02 extraction of oliveoil from olive husk
(solid residue | eft after first extraction of oil) and from
polishing earthsused in the refining process. SFE has
been applied to the de-acidification of oliveail, which
has a high content of freefatty acidswhen extracted
mechanically. The possibilities of using sc-C02 to de-
acidify olive oil without modifying its triglyceride
compodition and nutritiona quality havebeen suggested.

MATERIALSAND METHOD

Thisstudy wasaimed at extraction of oliveoil with
sc-CO2fromdried dlivefruit and andysi sof theobtained
oil, aswell as at a comparison of the quality of the
obtained oil with that of commercial olive oil. The
equipment, materials, methodsand procedures utilized
toachievethis, arehighlighted in thissection. Figure 1
showsthesupercritical setup.

RESULTSAND DISCUSSION

Theeffect of operating temperatureisinvestigated
ontheextracted pamitic acid. Thepressurevariesfrom
200 and 400 atmosphere. In additiontheoil recovery
isevaluated in different operating temperature. The
operating pressures are 200 and 400 atmospherein
thisrun.

Effect of temperature on extracted palmitic
percentage

Inthissectiontheeffect of temperatureonthebasic
parametersin supercritica fluid extractionisinvestigated.
All of the experiments are hold at 200 and 400
atmosphere. Operation safety restrictionsare considered
in high pressure working and high temperatures. So,

temperaturesup to at 400 atm

PalmiticAcid% = 0.029T + 6.7667

R? = 0.9279, P = 200atm €
PalmiticAcid% = —0.045T +10.6

R? = 0.9643, P = 400atm @)
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Figurel1: Schematic of supercritical fluid extraction set up

Correlations 1 and 2 show the increase in
temperature increases the percentage of extracted
palmitic acid at 200 atm pressure. Thismay relatesto
theincreaseintheamount of diffusion coefficient dueto
temperature augmentation. However whenthe pressure
increases into two times, 400 atm, the increase in
temperature higher than 50 C, declinesthe amount of
extracted pamiticacid.

Effect of temperatureand moisturecontent on the
oil recovery

Oil Recovery% = 0.0224T2 +1.96T +49

R? =1,Moisturecontent = 7.5% ©)

Oil Recovery% = 0.0288T2 — 2.44T +117

R? =1,Moisturecontent = 4.5% @)
Oil Recovery% = 0.11T + 59.833

R? = 0.9973,Moisturecontent = 2.5% )
Correlations 3, 4 and 5 statethe effect of moisture
content onthe oil recovery versustemperature. Three
different moisture contents, 2.5%, 4.5% and 7.5% are
surveyed. Theincreasein thetemperaturefrom20C
to 75 C showsdifferent trendsof oil recovery & different
moisture content. The higher amount of oil recoveryis

obtained at lower temperatures (25 and 50) with the
higher moisture contents (7.5% and 4.5%). At 70 C
temperature the moderate amount of moisture 2.5%
showsthe higher oil recovery about 98%. The higher
moisture expands the seeds and makes them more
permeableand improvestheoil recovery. Butat 75C
and 7.5% moisture content, the seeds may be
overheated and theamount of oil recovery decreases.
S0, 7.5% moisture content at 50 Cisthebest operation
condition. Theamount of resdud oil contentisimportant
intheevauation of supercritical fluid extraction.

CONCLUSION

Severd aspectsof supercritica carbon dioxide (sc-
Co?2) extraction of olive oil wereinvestigated. These
included a viability study using a laboratory-scale
supercritical extractor, optimization of theextraction
conditions. Satisfactory resultswere obtained inthe
investigated areas and severa shortcomings were
identified. Thesuccessesand shortcomingsarebriefly
discussedin theresultsand discussion section. Results
show the pressure and temperature affectstheextraction
yield. Thehigher moistureexpandsthe seedsand makes
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them more permeable and improvestheoil recovery.
But at 75 C and 7.5% moisture content, the seeds may
be overheated and theamount of oil recovery decreases.
S0, 7.5% moi sture content at 50 Cisthebest operation
condition.
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