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Abstract

The demand for vegetable ods alternativeto petroleumis growing Vegetable oils
offer performance advantagandareenvironmetally friendly. Soybean oils one ofthe
promisingresouces and has been studied extensivélpwever,soybean oilacks thermal and
oxidative stability andhasundesirableold flow propertes. These disadvantagasedirectly
related to its fatty acidomposition.Therefore new varieties with superior oil traitgse needed.
Hybrid hazelnut oils just suchan attractive raw matetial he objective of this study was to
investigate hybrid hazelnut oil fatty acid composition aederalotherimportantpropertiesn
view of potential oleochemical applicatierHazelnut oi] derived from hybrichazelnus
((Corylus spL.) grown in southeastern Nebraskasextractedusing aSoxhlet extractor The
oil contens of 25 differentiybrid hazelnusamplesanged from51.4% to 75.1% othe dry
weight ofnutkernels Fatty acid profils wereanalyzed by gas chromatogrgpht was found
that oleic and linoleic acids comprised more than 90% of fatty acids in th@ adative onset
temperature (OOTyas used aan indicator othermal stability TheOOT ofthehazelnut o
werein the range 0184.7 to 190.4°Cwhich weresignificantly higher than that of soybean oil
(148.4°C) The doud poins of hazelnut o# (-12.4to -14.9°C)werelower than that osoybea

oil (-9.9°C) The iodine valuswere inthe range of 96.to 974. Thekinematic viscosityof d
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hazelnut oilvas65.7 + 2.2 mmé/s at 22°C. Theseinitial analyss suggest thatazelnut oilis a
potential feedstock fasleochemicals
Key words Hybrid hazelnut Hazelnut d; Fatty acid compositioripdine value; Thermal

stability; Cloudpoint; Kinematic viscosity

1. Introduction

High crude oil price and concermboutenvironmental pollutioraused by limiteénd
nonrenewabl@etrdeum resourcehaveencouragedcientists talevelop and utilierenewable
energy resourcds diversifyour energy supply.Vegetable o# areideal alternatives to
petroleumoil productsbecause they arenewableandenvironmentally friendlye.g.readly
biodegradablecarbon neutradnd low in toxicity. Furthermore, ggetable otbasedoroducts
hold great potential fostimulatingrural economic development because farmaergld benefit
from increased demand for vegetable ollstferent vegetableits, including palm oil, soybean
oil, sunflower oil, rapeseed oil, and canola oil have been used to proddessel fuel and
lubricants KalamandMasjuki, 2002 Bondioli, 2003;Demirba, 2003. With petroleum prices
rising continually, the demand for vegetable oil based products is expected tocdimstwerably
(USDA, 2005). Of thevegetable oils,®ybeanoil ranks first inworldwide productior(29%),
and represents a tremendous veside resource (Rose aRdvera, 1998) However,one of the
roadblocks to the market appealsofybean otbasedoroductss its lack of thermal and
oxidative stability and high pour poinThe instability of oil is relateddirectly to the unsaturated
bonds in the residual fatty acig@nonymity, 2003. Further, he degree of unsaturation
influences the reactivity of the double bonds. Double bonds in polyunsaturated systems are more

reactive than monounsaturated double b@dA@3CS, 2003. Soybean oil hathe most



challenging profilesince itcontains aelativelyhigh percentagef linoleic acid(18:2,52%)and
linolenic acid (8:3,7%) andalow percentage obleic acid(18:1,25%) (Tablel). Many efforts
have been made chemicaly modify thelinoleic andlinolenic acids, which ar&nown to have
the poorest oxidation stabiliyiwang and Erhan, 2001; Huang et al., 2008ray et al., 2004
DuPontalsohasusedbiotechnology to develop genetically modifiegjh oleic acid83%)
soybeasn. Althoughgenetically modified soybean ag more stabléhanthe conventionabil
which contain®nly 20% oleic acidtechnical and economimarriersand public acceptance of
geneticaly modified materialdimit its application. Therefore new varieties with supen oll
traitsare neededHazelnut oilis just suchan attractive raw matetia

Hazelnut(Corylus spL.), a member of the birch family, Betulaceesan important
commercial and subsistence cinpnany countries including Turkey, Spain, Italy and USA
(Bagley and Sutton, 200Ercisli and Read 2001)azelnus have been cultivated and selected
from wild populationf the Europeahybrid hazelnu{Corylus avellanin Europe ovemany
centuries In the USA, thevastmajority of commerciahazelnufproduction comes from the
Willamette Valley in OregoiiMehlenbacher2003),whereon average?25,000 metric tonare
produced eackiear (Chase and Anagnostgkd803). Theseorchards are planted to cultivars of
theEuropearhazelnuiCorylus avelland.) (Faris 2000). Since the early 1900s, breeders in the
United States have attempted to develop commaeqaiality hybrid hazelnushrub cultivars with
cold hardiness and resistance to Eastern Filbert Blighisogramma anomal@eck) through
interspecific croses between the Europdaawzelnut Corylus avellanaand the North American
natives,CorylusamericanaandC. colurnalL. (Weschcke, 1954; Slate, 196k, cited by Molnar,

2004).



In recent years, much interest has been genei@téae use ofthe hybrid hazelnutas an
alternative crop in thapper midwestern regiaof the USA (Ercisli and Rea@001). A nine-
acre hybrichazelnutplanting at Arbor Day Farm, Nebraska City:Nestablished in 1996
currentlyis one of the largest plantings of hybhdzelnus in the Central States region. The
planting consists of 5,20§enetically distinchybrid hazelnutshrubs growrirom open pollinated
seedlings derived from a plantation breeding program at Badgersett Research Corporation,
Canton, MN. Recent research cdacted with the Arbor Day Farm hybrids indicates that the
threeyear average of the highest yielding selections produce an equivadetdrofeyhaof
huskednut (Hammond2006). These plants are not cultivate@nsively receive little weed
control except mowing between rows, are planted much too close together (spacaalithin
the row by< 5mbetween rows), and are not fertilized or irrigaiegyjure 1) Under more
intensive cultivabn, yieldsareexpected tdoe higher Initial testsalsoindicate that 60% of the
top 10 cultivarshowed nesymptoms of Eastern Filbert Blight one year after intenexposure
to the diseaseNuts produced, while numerous, are generally small, averagin@42y/husked
nut, andare30 - 46% kerneby weight degending on the selectidirigure 2)

Currently,hazelnut oilis usedmainlyin salad dressingandcosmetic and pharmaceutical
products There idlittle information onindustrialapplicatiors of hazelnut oil The objective of
thisresearch project wdse investigate hybrid hazelnut oil fatty acid composition tmdcreen

severalbtherimportantpropertiesn view of potential oleochemical applications.

2. Material and method

2.1 Materials



Hybrid hazelnus, selectedrom high yielding shrubsyverehandharvestedrom Arbor
Day Farm, Nebraska CitfNE. Husks (or the involucrayereremoved mechanidgland rnuts
were sortedmechanicallyby size and craed using mechanical crackerfSampleof tennuts
were selectedandomlyfrom each oftwenty-five plarts (top 25 producergp measurghe crude
oil contens. Further, six oils were selected for fatty acid profile, iodine value, oxidative onset
temperature, cloud poinand kinematic viscositgnaly®s. Soybean oil wapurchased frona
supemarket andis=d aghe control. Hexane poron trifluoride/methanol reagent, iodine
/chlorine reagent, sodium thiosulfate and other reageents of reagent grade, and were

purchased fronfrisher Scientific (Pittsburgh, PA).

2.2. Oil content

The al contens of hazelnts weredeterminedaccording t)AACC Method 3625 (1991).
The nutdrom differentshrubswerefirst groundseparatelyand driedthoroughlyin a vacuum
oven(80°C). Thedried ground samples (approximately 3 g) were placadhimble and the oil
was extactedusing50 ml ofhexandan a Soxhlet extractor for 8 PAfter the extracton, the
hexanewas evaporated and thellectioncups containing the extracted oil welaced in a
vacuum oven at 9% for 1 h to remove all traces tiexane The cups wereooled and weighed.
The oil content was expressed as the following:

Weight of ol
Weight of sample

% oil content= x 100

2.3. Fatty acid profile
The fat acid profils of hazelnut o weredetermined by gas chromatogrgpiThe oils

(2 dropsof each) first weresaponified into individual acidsThe fatty acids were then converted



to volatile methyl ester derivatives by reacting with boronuoifide/methanol reage(@ml) in a
heater for 30 minHexane(1 ml) and wate 2 ml) were added to the sampleBhe sarples were
centrifuged and the methyl ester derivatives of the fatty acids were dispersed in hex@ane
hexane layewas separated andud was injected into the chromatograpsing a microliter
syringe. An HP5890 Series Il @s ChromatograpiHewlett PakardCompany, Wilmington,
DE) equippedvith a flame ionization detector and a Hewlett Packard 3396 A Integrator
(Avondale,PA) wasemployed to obtain chromatogranHelium wasthe carrier gaswith a head
pressure of 20 psiA fused silica capillary@umn DB-Wax (30 mx 0.25 mm id.) with a 0.25
um coatingAlltech, Deerfield, IL) was used d&ise stationary phaselnjector,detectorand wen
temperature were 250, 250, arRD0°C, respectively.Peaks were identified lgomparingtheir
retention times wh afatty acid methyl esters standartihe ®ybean oil was treated thesame

way and tested usirthe same procedure

24. lodine value

lodine valus of thehazelnut o weremeasuredisingASTM D 195997 method (1997).
An iodine/chlorine reagenfWijs solution 25ml) was added to react with the double bonds in
the oil. The amount of Wijsolutionabsorbed was determined by back titrating the excess Wijs
solutionusing sodium thiosulfattNa,S,03) and comparing it to a blargample

lodine value ) = (B-V) XSN x12.69

where Vis the amount oNaS,03 solution required for titratioof the specimenmL); B isthe
amount ofNa&S,03 solution required fotitration of the blankimL); N is normality of the

NaS,0sso0lution; and S is the sample d€g).



2.50xidative onset temperature

Oxidation onset temperatlgéOOT) weredetermined by differential scanning
calorimety (DSC, Mettler, Columbus, OH, USPusingASTM E 200902 method (2002)The
test specimes(about 3 mg)in an aluminum parand an epty reference aluminum pareve
heatecht aheating rate of 18C/minin an airenvironment Heat flow out of the specimen was
monitored as a function of temperature until the oxidative reaction was meadbfgsteat
evolutiononthe thermal curveOOT is defined as the temperature when a rapid increase in the
rate of oil oxidation is observed'his temperaturgvas obtained by extrapolating the tangent

drawn on the steepest slope of the reaction exotbheumve

2.6 Cloud point

Cloudpoints of the ois weredetermined usin@SC (Mettler, Columbus, OH, USA
The oil samples (380 mg) were cooled from 1T to-40°C at a cooling rate of 2C/min,
stayng at-40°C for 2 min, and then heated toADat a heating rate 4f°C/min. Thecloud

point was lhe onsetemperaturef theinitial small exothermic peak on the cooling curve.

2.7 Kinematicviscosity

Thedynamicviscosiy of thehazelnut o and soybean oil were determineith a
Viscotester VT500 (Haak&lessTechnik, Germanywith sensor system oboe and plate Pkl
05dega2 2 eC. The sampl e (theplate. The gonewassrotapedgd@@ t t e d
rpm, untilthereading stabilizedabout 2 min) Hve readingsvere takerat intervals of 4660 s.
The viscosity tests wegerformedhree timego obtain thaneandynanic viscosity Kinematic

viscosity wascalculatedoy dividing dynamic viscosity byhe oildensity.



3. Results and discussion
3.1.0il content

Hazelnus areparticulaty valuable fortheir lipids. Oil contents of the top 25 producing
plants in the plantingArbor Day Farm, Nebraska City, NEgngel from 51.4% to 751% of the
weight of the kernel. Combining the nut yield, percent kernel and oil content of the kernel
indicate production rates adpproximatel000 kgof oil perha(3m x 5m spacing,725
shrubsha), which compaedvery favorably with soybean yields500 kg/ha) Soybeanhasan
oil content ofapproximately20% on adry basis. Although soybeamarethe second most
valuable crop in the United Statéghind corn, the main product from soybesmpraein (~
40% dry basis)yith oil beinga by-productof processingheprotein. The high oil contentof
hazelnus makesthemworthy of note with respect their potentialcommercial valuelt also is
worthy of note that industrial solvent extractionslwekult in aslightly lower yield(< 1%)than

solvent extraction in a Soxhlet.

3.2 Fatty acid profile

Oleic, linoleic, and linolenic acidarethe major fatty acids found in oil see@sdthe
ratio of these three fatty acids dif$en different oil seds. Gaschromatograms of a typical
(hybrid hazelnut oiand soybean odre presented in Fig.&ndfatty acid compositiogof
hazelnutand soybeanils aresummarizedn Tablel. Thehazelnut oilcontainechigh amourd
of oleic (18:1,68.8% 78.6%) andinoleic (18:2,14.2%23.3%) acidsandlow amountsof
palmitic (16:0,4.5%5.9%), stearicX8:0,0.5%- 2.8%), and linolaic (18:3, 0.20.2%)acids
Oleic acidwas the predominant fatty aciand deic acid and linoleic acid comprised more than

90% of he fatty acid composition in all nut¥.he hazelnut oilfatty acidprofiles were not



significanty differentbetween samples (shrubs)n the other handhe soybearoil contained
high amountsof saturatedgalmitic (11.4%)andstearic (4.299)acids angolyunsaturated
(linoleic (52.1%) and linolenic(7.6%)) acids and a moderat@mount ofmonounsaturated oleic
acid (24.7%).The important acids fahermal and oxidativetability are those labeled »xand
xx:3, which indicate the number attive siteon each chainThe more sites, the less stable the
chain. The acid that most significantly affedor freezing point are those labeled:xx(United
Soybean Board2004). Oils containng fully saturated acisitend to solidify in cold weather
limiting their low-temperaturéunctionalities From this standpointogbean oihas a
challenging profile Chemical or genetic modificatismave been conducted to increagsc
acid content or toemove the linolenic materialsCompared tsoybearoil, the wnique
composition(intrinsic high oleic acidcontent andower levels of saturatesf hazelnut oil

should facilitatats use in many different oleochemical applications

3.3. lodine value

Theiodinevalueis a measure dheunsaturation of oils and expressed as the number
of centigrams ofodine per gram of sampleTheiodine value of thehazelnut o ranged from
90.6 to 97.4, whichweremuch lower than that of soybean oil (18QTablel). Thedifferences
in iodine valus betweernsoybearandhazelnut oi weredue tothedifferentfatty acid
compositions in the two types oil molecules.Soybean oil has highpolyunsaturated fatty
acidscontenf whereaazelnut oilcontainamostly monounsaturatdetty acics. lodine valueas
notthe besindex for oilstability sinceit does not take into account the positions of the double
bonds available for oxidatiorHowever it still is importantin assessing th&tability of an oilin

oleochemical applicatian e.gbiodieselfuel standards specifynaupper limit. For example,



Europebs EN 14214 s pecadhevaluedfi 0ln2 0a | d nodwv sG ear nmeanx

51606 toputat 115. The European and German specificatiemultin a defacto ban on

soybeanbased biodies€Wherley, 200%.

3.4. Oxidative onset temperature

Oxidative stabilityaffects biodiesel by contact with air during storage and affect
lubricants through contact of the lubricant with hot engine pactelerating the oxidation
procesgKnothe and Dunn, 2003)Somemethodsincluding oil stability index and bis
allylic/allylic position equivalentAPE/BAPE) wereemployedio determine oil stability
(Knothe, 2002 In ourexperimentoxidative onset temperature (OOWasused to evaluate the
oxidative stabilityof the oils A higher OOT valuendicateda more stable materialThe DSC
curves oftypical hazelnutandsoybearvoils areshown in Fig.4andOOTs ofhazelnutand
soybean oils arsummarizedn Table 1 Hazelnut oilhad an OOT 0184.7190.4°C, while the
OOT of soybeamwil was 148.£C. An approximatel0°C higherOOT ofhazelnut oithan its
soybean counterparticde explained by theorrespondindatty acid compositiosh Thedegree
of unsaturation influences the reactivity of the double bomxsible bonds in polynsaturated
systems are more reactive than monounsaturated double #@@s, 2003. The hgh oleic
acid contenin hazelnut oilincreassits thermooxidative stability while thelinoleic and

linolenic acids in soybean akrevulnerable tattackby axygen.

3.5. Cloud point

The cloud point is thtemperature at which a cloudf@medin anoil caused by the first

stage of crystallizatianlt is of importance since limits theflow propertieswhich influencethe

1C



useof ail in acold environment.The clow points othazelnutand soybean oils were determined
by DSC, and the cooling and heating curves typaal hazelnut oiland soybean oil aghown

in Fig.5. The cooling curve odhazelnut oishowed an initialery smallexothermic peak at
12.4°C. This peak corresponded to the first stage of crystallization and cloud point
corresponded to the onset of crystallizatidnlarge exothermic peak &1.5°C with further
cooling indicated the oilnderwent main crystallization steplhe oil hada melting peak at

6.1 °C. For soybearoil, theinitial crystallizationoccurredat-9.9°C, and no major

crystallization was observed®oybean oil had a melting peak-85.9°C. The lower cloud point

of hazelnut oilwas aresultof the lower contendf saturatedpalmitic and stearic) acids.

3.6. Kinematicviscosity

Soybean oil haua kinematicviscosity of 8.9+ 3.3 mm¥/s, while thekinematic viscosity
of hazelnut oilwas65.7 + 2.2 mm’/s at 22°C (Table 1).The slightly greater viscosityfo
hazelnut oilwasattributedto the different fatty acid compositioSoybean oil haa high
percentage of polyunsatured acids, while monounsaturatedasithe major acioh hybrid
hazelnut oil Double bonds reduce kinematic viscosity in fatty comjpisiinothe and
Steidley 2005).The viscosity ohazelnutand soybean oils must beducel for biodiesel
application sincéhekinematic viscosity of biodiesel fuel standard in the United State$
6.0 mnf/s, andthe high viscosity often results in apdonal problerasuch as engine deposits

(Knothe and Steidley, 2005).

3.7. Potentialoleochemicabpplication
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Based on thaboveseveraimportant evaluation$iazelnut oilis a promisingfeedstock
for oleochenncal applications Thesepotentialapplicaionsinclude (1) biodieselfuel which
typically isproduced byransesterification reactidn replacehe glycerol moleculewith
methanal (2) biolubricans which canbe prepared by slight chemical modification
(hydroxylation and esterification react®nand (3)biopolymess, e.g.polyurethanavhich canbe
manufactured biaydroxylation and polymerization react®nPreparation and characterization

of theseoleochemica will be investigated irseparate studies.

4. Conclusiorns

The oil conterd of hazlnus werein the range 051.4%to 75.1% of dried weight dhe
kernel Combining the nut yield, percent kernel and oil content of the kethe=bil yield of
hazelnus wasapproximate 1000 kger ha about2 times that of soybeanThe razelnut oié
wereuniquein that only two fatty(oleic and linoleiclacids accoumdfor 90% oftheir fatty acid
content. High oleic and linoleic acidsontentsand low linolenic acidtontentimproved the o8
thermooxidativestability, while low leves of saturatedpalmitic andsteari¢ acidsenhanced
their properties in cld environmens. The iodine valugof 90.6to 97.4 meethe specification
for biodiesel fuelHybrid hazelnut oihad a kinematic viscosity 5.7+ 2.2 mnf/s. These

properties suggest thhzehut oil is a potentiatource for oloechemical.
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Table 1

Charactesticsof severahybrid hazelnigand soybean oils

Charactestics of the oil Value

Soybean oil Hybrid hazelnut oil
Crude oil fat (%) ~2( 51.475.1
Fatty acid composition (%)
C16:0 11.4 45
C18:.0 4.2 0.52.8
ci8:1 247 68.8.6
ci18:2 52.1 1223
C18:3 7.6 Qr
lodine value (g iodine absorbed /100g samplc  130.4 90864
Oxidative onset temperaturé@ ) 148.4 184.7190.4
Cloudpoint ¢ C) -9.9 -12.4--14.9
Kinematic \iscosity at22° C (mm?/s) 58.9+ 3.3 6%.2.2

aFrom Wikipedia, the free encyclopedia

17



Figures caption

Figure 1 Hybrid hazelnushruls

Figure 2.Hybrid hazelnuts

Figure 3. Gas chromatogramf soybean oil andazelnut oll

Figure 4.TheDSCcurves for oxidative onset temperatuoé hazelnutandsoybearoils

Figure 5. TheDSCcooling and heating curvésr cloud point othazelnutand soybean
oils
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Figure 1 Xu et al.
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Figure 2.Xu et al.
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Fig.3. Xuet al.
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