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Monday Afternoon

Plenary Session

Chairpersons: L. Johnson, Iowa State University, USA; T.
Tuglular, MUMSAD, Turkey; and M. Yurdagul, Besler,
Turkey.

Advanced Oil Processing, new Trends in Seed Crushing and
Oil Refining. Katalin Kövári, Bunge Europe Research and
Development Center, Budapest, Hungary.

Oilseed processing was considered as a slowly changing “tra-
ditional” industry, but the recent decades’ developments and
trends resulted and will result in the future a lot of changes initi-
ated by the combined effect of changes in market, environment
protection, food safety needs and energy prices.

More and more concerns of environment protection force the
operators to reduce the environmental impacts (waste water,
solid waste, air pollution). The need for more natural, less
processed food initiate the development and application of mild
processes. The food/feed safety issues became the most impor-
tant question after suffering several crises in Europe.
Contaminants removal and keeping the nutritional value of the
oils during the processing has become crucial.

Production cost is highly dependent on energy consumption
and prices. In the era of high mineral oil prices the chance of the
“new techniques” using less or cheap energy are more and more
realistic.

The presentation deals with the possible “new techniques”
could be applied within decades in oilseed processing; an
overview will be given on what could be used in
- seed pretreatment
- extraction
- refining

This overview gives a summary of the results of experiences,
trials made on the application different physical treatments (like
microwave, special heat treatment), enzymes applications, mem-
brane processes, etc.

Oils and Fat Current Market and Future Trends in Turkey.
T. Tuglular, MÜMSAD, Turkey.

Vegetable oils and fats business in Turkey is around 2 billion
USD. In spite of being on important agricultural country, veg-
etable fats and oils business are highly depends on import.
During the last two years oils seeds, vegetable oils and meals
import exceeded one billion USD thresholds. And quite possible
we will see the same picture this year. Taking into account the
possible increase on human consumption, export potential espe-
cially to Middle East and also bio-diesel requirements import on
both oil seeds and oils will increase on coming years. Therefore
Turkey should have to reevaluate the country agricultural strate-
gy related with oil seeds without any delay. 

Supply of and Demand for Oils and Fats for Food and Non-
food Purposes–2000 to 2020. Frank Gunstone, Scottish Crop
Research Institute, Dundee, UK.

The following statements will be discussed and supported
with appropriate figures and graphs.

Production of oils and fats has risen ten fold in the last 100
years and continues to almost double every 20 years. The
increase is particularly marked in soybean oil and in palm (and
palmkernel) oil. These three oils, from North and South America
and from South East Asia, have become increasingly dominant
and now provide 50.6% of the world total. Five countries
(China, EU-25, Malaysia, USA, and Indonesia account for 61%
of total production though some of this comes from imported
seed. Production levels of other vegetable oils and of animal fats
continue to rise but these commodities have lost market share. 

These increasing amounts are consumed mainly as food in all
countries but especially in those that are rich (EU-25 and USA)
or heavily populated (China and India). These four countries use
over half (56%) of total consumption. Over the 100 years per
capita consumption has increased three fold. Mainly through

biodiesel the oleochemical industry is making greater demands
and it is expected that its 14% share in the recent past will
increase to around 25% by 2020. 

Trade in oils and fats is dominated by imports and exports of
soya (beans and oil) and of palm oil. Exported oils come from
the producing countries especially Malaysia, Indonesia, and
Argentina with the first two providing almost one half (49%) of
the total. These figures do not include the large trade in soy-
beans. Imports of oils and fats are more widely distributed but
the largest importing countries are EU-25, China, and India
which together take 41% of the total. 

As a tribute to our hosts figures will be provided for oil and
fat production, trade, and consumption in Turkey.

The Future of Biobased Products from Vegetable Oil. John P.
Cherry, Eastern Regional Research Center, NAA, ARS, USDA,
600 East Mermaid Lane, Wyndmoor, PA 19038, USA.

Abstract not available at press time.

Tuesday Morning

Biofuels (Biodiesel)

Chairpersons: Y. Shimada, Osaka Municipal Technical
Research Institute, Japan; and F. Karaosmanoglu, ITU,
Turkey.

Enzymatic Production of Biodiesel Fuel from Waste Edible
Oil and Acid Oil. Yuji Shimada, Osaka Municipal Technical
Research Institute, 1-6-50 Morinomiya, Joto-ku, Osaka 536-
8553, Japan.

Biodiesel fuel (BDF), which is fatty acid methyl esters, has
drawn attention as a renewable, biodegradable, and nontoxic
fuel. At present, BDF is produced from waste edible oils through
a chemical process with an alkaline catalyst. But a by-product,
glycerol, contains the alkali, and must be treated as a waste
material. In addition, crude BDF contains glycerol, alkali, and
fatty acid alkaline salts (soaps). These contaminants can be
removed by washing water, but disposal of the resulting water
creates other environmental concerns. These drawbacks can be
eliminated by adopting lipase reaction, and immobilized lipases
have been used for reducing the production cost. However, the
lipases could not be used for long period without significant loss
of activity.

The instability of lipase in methanolysis of triacylglycerols
(TAGs) was found to be its inactivation by methanol (MeOH):
when MeOH is added to oil at the concentration more than the
solubility, a part of MeOH exist as micelles and the lipase inac-
tivates irreversibly by contact with the micelle. The inactivation
disappeared by stepwise addition of MeOH to the reaction mix-
ture, and waste edible oil was converted efficiently to BDF. 

Another material for BDF is acid oil which is composed of
acylglycerols and free fatty acids (FFAs). Lipase treatment of
acid oil generated water by esterification of FFAs with MeOH,
and the water inhibited methanolysis of acylglycerols. Based on
this fact, acid oil was efficiently converted to BDF by a process
comprising methyl esterification of FFAs, dehydration of reac-
tion mixture, and methanolysis of acylglycerols.

Development of Fractionated Cold Flow Biodiesel for Use in
Jet Aviation Fuel. Shaillendra Bist and Bernard Y. Tao, Purdue
University, W. Lafayette, Indiana, USA

There has been immense growth in the development of
biodiesel fuels (fatty acid methyl esters) in Europe and the
United States over the past 5 years to replace petroleum-based
diesel fuels. While the major application of these biofuels has
been for ground transportation, there is a significant potential
application in the use of these fuels to replace turbine jet aviation
fuels. One of the significant limitations of biodiesel in aviation
is their high crystallization temperature. This presentation will
report our work in developing a novel, efficient, low energy frac-
tionation process to produce soy-based biodiesel fuels with
cloud temperatures down to approx. -30 deg. C with yields up to

WORLD CONFERENCE AND EXHIBITION ON OILSEED AND VEGETABLE OIL UTILIZATION 1



85%. When incorporated into existing aviation fuel blends,
cloud temperatures down to commercial fuel requirements of -
47 deg. C. have been obtained. Also, results will be presented
for operational tests of these fuels in stationary commercial tur-
bine jet engines.

Tin Catalysts for Vegetable Oil Transesterification. M.B.
Alves, C.C.S. Macedo, F.R. Abreu, J.C. Rubim and P. A. Z.
Suarez, University of Brasilia, Brazil.

In the last years our research group has been studying the use
of different tin compounds as catalysts for transesterification of
triglycerides to produce biodiesel. It was studied tin complexes
in homogeneous and multi-phase conditions, being achieved
reactions rates up to 90 % without any separation problems. It
was also studied some heterogeneous catalysts, such us tin oxide
and γ-Al2O3 doped with tin, achieving, respectively, reactions
rates up to 90 % and 80 %. These catalysts were easily separat-
ed at the reactions end, being possible to recover and reuse them
several times without any lost in their catalytic performances.

Financial Support: FINATEC, FAPDF, CNPq, FBB, MDA
and MCT.

Noncatalytic Alcoholysis of Vegetable Oil for Production of
Biodiesel Fuel. Hiroshi Nabetani, Mitsutoshi Nakajima, Shoji
Hagiwara, Rie Yamazaki, and Hitoshi Maeda, National Food
Research Institute, 2-1-12 Kan-nondai, Tsukuba, Ibaraki 305,
Japan.

Biodiesel fuel (BDF), biofuel made from natural oils and fats,
is regarded as a promising diesel replacement fuel nowadays. An
alkali-catalyzed alcoholysis process, to form fatty acid methyl
esters (FAME) from vegetable oils, is widely used to produce
BDF. This process, however, requires high costs for refining of
products and recovery of catalysts. In this study, a new reactor was
developed to produce FAME by blowing superheated methanol
vapor continuously into vegetable oils without using any catalysts.
Effects of reaction temperature, methanol feed flow rate, operat-
ing pressure, stirring rate, and initial oil volume on reaction rate
were investigated. The outflow rate of FAME from the reactor
showed maximum value at 290°C, increased with methanol feed
flow rate and initial oil volume, decreased with operating pressure
and stirring rate. Effects of contaminants such as diglycerides,
monoglycerides and free fatty acids on reaction rate were also
investigated. The reaction was inhibited by monoglycerides. On
the other hand, free fatty acids accelerated the reaction while they
acted as inhibitor in the conventional alkali-catalyzed process.
Activation energy obtained from Arrhenius plot was 25.5 kJ/mol,
and it was suggested that the reaction was controlled by mass
transfer at gas-liquid interface. As a result, effects of reaction con-
ditions on reaction rate were quantitatively evaluated, and expert-
ise to improve the efficiency of the reactor was indicated.

New Challenges and Opportunities for the Oils and Fats
Processing Industry in the 21st Century: Fats for Food or for
Fuel? Marc Kellens, De Smet Ballestra, Brussels Belgium. 

By the end of the 20th century, nobody could have predicted
what is happening today in the oils and fats processing industry.
The high mineral oil price, the environmental concern about the
increasing CO2 emissions, as well as the economical pressure on
the agro-industry to look for new global markets to sustain itself,
has led to major investments in biodiesel plants all over the
world. Besides Fatty Acid Methyl Ester (FAME) based
biodiesel, we also see new technologies emerging where the
vegetable oil or animal fat is converted into so called new gen-
eration biofuels (eg. Ethyl Tertiary Butyl Ether (ETBE)).

Where today more than 70% of vegetable oils and animal fats
is used for human food and animal feed, we may expect the
industrial applications to take over the lead in the future. The
question whether oils and fats will be used for fuel rather than
for food is already affecting current world oil and fats prices.

But we cannot and should not neglect the primary use of veg-
etable oils: they are and will remain one of the most important
food ingredients. The increasing world population as well as the
steady but slow increase of the standard of living in the underde-
veloped countries will require more oils for human consumption. 

THE major challenge for the oils and fats processing indus-
try may be to keep on growing fast enough to supply enough oils
for both food and nonfood industry. Who knows…

Biodiesel and its Alternatives. Erich E Dumelin, Unilever
Research, Vlaardingen, The Netherlands

Modern use of biomass as a renewable energy source is rap-
idly growing on a worldwide scale. In context with the Kyoto
agreement the EU committed itself to raise the share of biofuels
for transport to 5.75 % of the total fuel consumption by 2010 and
beyond that in the years after.

Legislative action taken in the EU-countries to meet this tar-
get lead to a bonanza gold rush via the biodiesel route based on
rapeseed oil as the primary raw material.

Is this success justified and what are the reasons for this?
How solid are the arguments?
A comparison between the well established key markets for agri-
cultural products, such as food, feed and fiber with the rapidly
developing fuel market shows substantial differences in the
dimensions and is raising serious questions whether this can be
sourced from sustainable sources. The net environmental benefit
is also questioned by the experts.

It is not very clear whether these impacts between food and
fuel are fully understood by legislators and the key actors in this
business. The availability of the raw material needed must be
looked at a global level and in competition with other established
uses. 

The current success of the early movers of the first generation
is based on raw materials and technologies proven for the food
market but not efficient in the larger fuel market. The current
success is highly dependent on the tax relief/subsidy system
applied in the EU and facilitated by a low capital/technology
entrance barrier. Since not a sustainable medium/longterm solu-
tion, further investment should be handled with care. Alternative
investments are required in further developments of the second
generation biofuels with energy specific raw materials and tech-
nologies. Potential routes to be followed will be shown.

Functional and Specialty Lipids

Chairpersons: F. Shahidi, Memorial University of New-
foundland, Canada and C. Alasalvar, Tubitak, Turkey.

Enzyme Modified Healthful Lipids. Casimir C. Akoh,
Department of Food Science & Technology, The University of
Georgia, Athens, GA 30602-7610, USA.

The use of enzymes in biocatalysis has reached maturity.
Many industries (chemical, food, and pharmaceutical) are using
enzymes to catalyze full reactions or a reaction step in the over-
all process. In the fats and oils industry, lipases are of importance
in the production of healthful lipids because of their mild reac-
tion conditions and selectivity. They are useful in the design or
synthesis of new lipids containing physiologically important
fatty acids such as eicosapentaenoic acid (EPA), docosa-
hexaenoic acid (DHA), gamma linolenic acid (GLA), and conju-
gated linoleic acid (CLA). Lipases have been used to add value
to existing lipids and to produce phytosteryl esters as cholesterol
lowering lipid. Modified lipids with potential use in infant for-
mula, food fortification, human milk fat substitutes, salad dress-
ing, spread, and margarine fats, have been prepared with lipases. 

Structured Lipids: Chemistry and Health Effects. Fereidoon
Shahidi, Department of Biochemistry, Memorial University, St.
John’s, NL A1B 3X9, Canada.

Structured lipids were prepared via acidolysis of high-laurate
canola oil (Laurical 35) with long-chain polyunsaturated fatty
acids (LC PUFA) of the omega-3 family. The LC PUFA used
were eicosapentaenoic acid (EPA; C20:5n-3), docosapentaenoic
acid (DPA; C22:5n-3), and docosahexaenoic acid
(DHA;C22:6n-3). Laurical 35, containing mainly lauric acid and
oleic acid, was subjected to the acidolysis reaction using several
lipases as biocatalyst, these included Lipozyme IM,
Pseudomonas sp., and Candida rugosa. Maximum incorpora-
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tion of EPA, DPA and DHA was 62.2, 50.8 and 34.1% under
optimum conditions (Enzyme concentration of 4.36-5.41%, tem-
perature of 38.8-43.7C and reaction time of 23.9-44.7h). Both
lauric acid and LC PUFA were located in the sn-1 and sn-3 posi-
tions of the modified oils. The modified oils were found to be
less stable than their unmodified counterparts because of the
higher degree of unsaturation of products as well as changes in
the spectrum of antioxidant components of the oils. The result-
ant products containing both a medium-chain fatty acid (MCFA)
and LC PUFA may serve as important nutraceutical and func-
tional food ingredients for health promotion and disease risk
reduction.

Production of Human Milk Fat Substitutes by Lipase-
Catalyzed Reactions. Neşe Şahin1,2, Casimir C. Akoh2, and
Artemis Karaali1, 1Department of Food Engineering, Faculty of
Chemical and Metallurgical Engineering, Istanbul Technical
University, 34469, Maslak, Istanbul, Turkey, 2Department of
Food Science and Technology, Food Science Building,
University of Georgia, 30602,-7610, Athens, Georgia, USA.

Human milk is the best source for fat and dietary essential
fatty acids for infant feeding since it supplies a complex mixture
of fatty acids including the essential 18-carbon polyunsaturated
linoleic acid (LA) and alpha-linoleic acid (ALA) and longer
chain (20- and 22-carbon) polyunsaturated fatty acids, arachi-
donic acid (AA) and docosahexaenoic acid (DHA). Human
milks are characterized by the dominance of triacylglycerols
(TAGs) where palmitic acid that accounts for 20-25% of total
fatty acids is in the sn-2 position (70 %) of the glycerol back-
bone. The sn-1 and sn-3 positions are occupied by unsaturated
fatty acids, unlike in vegetable oils, cow milk and infant formu-
lae prepared by blending vegetable oils. The fatty acid structure
in human milk fat (HMF) and its absorption characteristics have
a significant role in baby’s growth. This has led to focused
research on the production of structured lipids (SLs) resembling
HMF by lipase-catalyzed interesterification reactions using veg-
etable oil sources. 

This presentation will cover research efforts on the enzymat-
ic production of HMFS as well as our current researches on the
production of HMFS. In addition, commercial applications and
absorption characteristics of HMFS compared with regular
infant formulae will be discussed. The health benefits and legal
status of long-chain polyunsaturated fatty acid (LC-PUFA) sup-
plemented formulae will be reviewed. 

Lipid Characteristics and Health Benefits of Hazelnut Oil.
Cesarettin Alasalvar1 and Fereidoon Shahidi2, 1TÜBITAK
Marmara Research Center, Food Institute, PO Box 21, 41470,
Gebze/Kocaeli, Turkey. 2Department of Biochemistry, Memorial
University of Newfoundland, St. John’s, NL A1B 3X9, Canada.

Traditionally tree nuts were perceived as being unhealthy due
to their high fat content. However, recent epidemiologic and
clinical studies have provided evidence that frequent nut con-
sumption is associated with favorable plasma lipid profile and
reduced risk of coronary heart disease, cardiovascular disease,
and other chronic disorders. Most recent recognition of nuts as
“heart-healthy” foods by the Food and Drug Administration has
provided a major boost to the image of tree nuts, including
hazelnut. Among tree nuts, hazelnut has many beneficial health
attributes. The main benefits of inclusion of hazelnut into human
diet are mainly related to its fat components, most of which are
rich in monounsaturated fatty acids (oleic acid), tocols (α-toco-
pherol), and phytosterols (β-sitosterol). Hazelnut oil is becoming
increasingly popular in Turkey and elsewhere due to its per-
ceived health benefits. Our recent study has showed that the
hazelnut-enriched diet decreased (P < 0.05) the concentrations
of VLDL cholesterol, triacylglycerol, and apolipoprotein B by
29.5, 31.8, and 9.2%, respectively, while increasing HDL choles-
terol concentrations by 12.6%. Total / HDL cholesterol and LDL
/ HDL cholesterol ratios favorably decreased (P < 0.05).
Although insignificant (P > 0.05), there was a decreasing trend
for the rest of parameters, particularly in total (5.2%) and LDL
cholesterol (3.3%) in subjects consuming a hazelnut-enriched
diet compared to that of the baseline. In addition to this, hazel-

nut oil serves as good sources of polyphenols which can play an
important role in human health promotion (possible anti-obesity
effect). This presentation would discuss issues related to compo-
sition and potential health benefits of hazelnut nut oil.

PUFA Without Fluke: Sustainable Production of Marine
Polyunsaturated Fatty Acids in Land-Based Oil Crops. Joerg
Bauer1, Amine Abbadi2, Ernst Heinz2, Guohai Wu3, Xiao Qiu3,
Michael Geiger1, Petra Cirpus1, 1BASF Plant Science GmbH,
Germany; 2University of Hamburg, Germany; 3Bioriginal Food
& Science Corp., Germany.

Very long-chain polyunsaturated fatty acids (VLCPUFAs)
are essential for human health and well-being. Numerous scien-
tific studies have shown the importance of VLC-PUFA such as
arachidonic acid (ARA), eicospentanoic acid (EPA) and docoso-
hexanoic acid (DHA). Dietary VLCPUFA not only provide pro-
tection against common chronic disease such as cardiovascular
diseases, metabolic syndrome and inflammatory disorders, but
can also enhance the performance of the eyes, brain and nervous
system (Benatti et al. 2004, J Am Coll Nutr 23:281-302).

However, the current sources of these valuable compounds
from fish oil or fermentation are limited and may not be sustain-
able in the long term and therefore available for a broad popula-
tion. 

Recently, considerable progress has been made in identifying
genes involved in the biosynthesis of VLCPUFA. The co-expres-
sion of these genes in model systems such as plant embryos or
yeast provided many valuable insights into the mechanisms of
VLCPUFA synthesis. The recent successful reconstitution of
pathways leading to the synthesis of arachidonic acid, eicosapen-
taenoic acid and finally docosahexaenoic acid in oil-seed plants
indicates the feasibility of using transgenic crops as alternative
sources of VLCPUFA (Nat. Biotech. 2005, 23:1013-1017). The
different approaches used to attain these results and the specific
constraints associated with each approach are discussed. 

By-Products and Utilization I

Chairpersons: I. Debruyne, ID&A, Belgium; and A.
Kececi, Marsa, Turkey. 

Extracting Useful Phytochemicals from Oil Seed Processing
By-Products. Mark A. Berhow, Steven F. Vaughn, and Sandra
M. Duval, US Department of Agriculture, Agricultural Research
Service, National Center for Agricultural Utilization Research,
1815 N. University St., Peoria, IL 61604 USA.

Developing a successful oil seed crop often requires the uti-
lization of other products from seeds in order to become a viable
economic commodity. The soybean is an exceptional example as
not only is the oil used, but the protein and phytochemical
extract has also become a commodity. The soy isoflavones are
being marketed today as food additives and nutritional supple-
ments. Current work in this lab is on the chemical and biologi-
cal characterization of the soy saponins for food and nutritional
uses. Oil seed crops are also being developed from the crucifer
family, which includes canola and mustard. New crops being
developed from this family, such as meadowfoam, cuphea, and
camelina, are being examined for glucosinolate content in their
seed meals. Glucosinolate degradation products are being char-
acterized for both their pesticidal and health enhancing proper-
ties. Other phytochemicals from oil seed processing byproducts,
for example the anthocyanins, are being examined for their
potential use.

Refining By-Products—Thermal Treatment and Co-
Generations. Tom Hanson, Ignis International, Serskamp,
Belgium.

This paper presents a range of alternative technologies to val-
orise by products of edible oil extraction plants and refineries
and of bio-fuel production plants.

Environmental laws are continuing to become more strin-
gent. Extraction and refinery by-products which previously
could be mixed with the meal are targeted for separate disposal.
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The boom in bio diesel production has substantially increased
the amount of glycerine on the market, thus necessitating new
valorisation strategies.

This paper focuses on thermal treatment of the by-products
and subsequent use as a renewable energy source for the produc-
tion of steam and power. Flash evaporators for thickening of
effluents, driers for the thermal drying of pastes and sludge and
thermal oxidisers with waste heat recovery boilers for the com-
bustion of by-products are described in detail. For each technol-
ogy the paper gives
A description of the technology, 
An technical feasibility analysis for various by-products
An economical evaluation for on-site use at different capacities
(TPD oil refining capacity)

Finally, the technical and theoretical analysis is supported by
4 case studies that include a cost/benefit analysis.

Industrial Applications of Supercritical Fluid Technologies
in the Edible Oil Industry. J. Martinez, Thar Technologies,
Inc., Pittsburgh, PA, USA.

In the last decade new trends in the food industry have
emerged because consumers have become more educated and
health conscious than ever before and are now demanding high-
er quality products. Important new trends include an enhanced
concern for the quality and safety of food products and an
increased preference for natural products over synthetic ones.
These trends have driven solvent-free supercritical fluid technol-
ogy to become the primary alternative to traditional solvent
extraction for the extraction and fractionation of active com-
pounds. Additionally, recent advances in supercritical fluid pro-
cessing and equipment technologies have introduced new appli-
cations and lowered capital and operating costs. 

A review of industrial applications of supercritical fluids in
the edible oil industry will be presented. Examples of imple-
mented industrial processes such as specialty oil extraction, de-
oiling of crude lecithin and recovery of vitamin E and phytonu-
trients from de-odorized distillate will be discussed.

Wax Esters Produced by Solvent-Free Energy-Efficient
Enzymatic Synthesis and Their Applicability as Wood
Coatings. Anna E. V. Petersson1, Linda M. Gustafsson2,
Mathias Nordblad1, Pål Börjesson2, Bo Mattiasson1, and Patrick
Adlercreutz1, 1Department of Biotechnology, Center for
Chemistry and Chemical Engineering, Lund University, P.O.
Box 124, SE-221 00 Lund, Sweden; 2Environmental and Energy
Systems Studies, Department of Technology and Society, Lund
University, Gerdagatan 13, SE-223 62 Lund, Sweden.

The project aimed at developing a process for making a wood
coating wax based on the principles of green chemistry. The
research was conducted within the Swedish inter-disciplinary
research programme “Speciality Chemicals from Renewable
Resources–Greenchem”, concerned with development and
application of biocatalysts for the production of fine chemical
products from renewable raw materials. Enzymes are known as
efficient and specific catalysts giving few by-products. They act
under mild conditions giving clean processes. Using renewable
resources as starting materials and enzymes as catalysts for pro-
duction of chemicals gives degradable chemicals produced in an
environmentally friendly way. Wax esters are attractive since
they are non-hazardous and can be produced in an atom-efficient
process from building blocks obtained from renewable
resources, i.e. vegetable oils. 

Four wax esters were prepared in a solvent-free process using
an immobilised lipase, Novozyme® 435, as catalyst. When the
water was removed during the process, from what was initially
an equimolar mixture of the starting materials carboxylic acid
and alcohol, by a stream of dry air passed through the reactor,
there was a 95-99 % conversion to the ester, to be compared with
65% conversion without drying. The enzymatic process con-
sumes 34 % less energy and generates less waste than chemical
esterification using a strong acid as catalyst. Two of the esters
worked well in the industrial wood coating equipment employed
and produced surfaces resistant to water and somewhat less to fat
stains. (Petersson et al. 2005)

References:
Petersson, A. E. V., L. M. Gustafsson, M. Nordblad, P.
Boerjesson, B. Mattiasson and P. Adlercreutz (2005). “Wax
esters produced by solvent-free energy-efficient enzymatic syn-
thesis and their applicability as wood coatings.” Green
Chemistry 7(12): 837-843.

New Developments in Enzymatic Processing of Oils and Fats
for Partial Glyceride Production. Xuebing Xu, BioCentrum-
DTU, Technical University of Denmark, Lyngby, Denmark.

Enzymatic processing of oils and fats has been the research
and development areas for 20 years. The brainstorming of appli-
cation ideas has been the main concern for most previous studies.
Enzyme technology has been used for numberless product devel-
opment. The basic understanding of the enzymatic reactions has
been highly advanced. It is now in the stage for industrial take-
over. Central issues for commercial exploitation lies in benefits in
economy, product quality, product nutrition, simplicity and easi-
ness of technology, social and environmental concerns. For tech-
nologists, a big concern is to develop the efficient processes focus-
ing on most beneficial products with as high as possible of the
economical turnover. This often refers to product development
and process development. In this talk, a special focus will be given
on the enzymatic production of partial glycerides where the sys-
tem is often complicated by the three phase media. The develop-
ment is targeted on simplicity, efficiency, and practical feasibility. 

Tuesday Afternoon

Oleochemical Products (Lubricants,
Detergents, Polymers, Other Biobased
Products)

Chairpersons: R. Verhé, University of Ghent, Belgium;
and E. Metin, PETDER, Turkey.

Biofuel Production from Lipids: Production and Utilisation.
Roland Verhé1, Vera Van Hoed1, Chris Stevens, Yves Eeckhout1,
David De Vos1, and Wim De Greyt2, 1Ghent University, Faculty
of Bioscience Engineering, Department of Organic Chemistry,
Gent, Belgium; 2De Smet-Ballestra, Zaventem, Belgium.

Conversion of lipids from a variety of feedstocks into biofu-
el and biodiesel (esters of fatty acids) is stimulated intensively
during the last decade. The major applications involve the use of
biodiesel due to the high viscosity of the triacylglyderides, the
latter can only be used in adapted engines.

Lipids can easily be converted into esters via a transesterifi-
cation process. In comparison with the transportation diesel fuel,
biodiesel has mostly a lower cetane number, while also the
colour value is slightly lower, in addition to the higher viscosity
and cloud point. A comparison will be made between the chem-
ical and physical properties of biodiesel derived from refined
vegetable oils and animal fats.

Next to the used of refined lipids, waste lipids can be con-
verted into biodiesel but due to impurities (water, free fatty
acids, polymeric molecules) additional steps are required in
order to produce biodiesel.

The conversion of waste lipids into biodiesel and biofuels
involves additional reaction steps in comparison with refined oil
due to the presence of impurities such as water, free fatty acids
(FFA) and polymeric material. The presence of high amounts of
FFA requires a two-step reaction in order to have a complete
conversion into fatty acid methyl esters (FAME).

The conversion of used frying oils or oils recuperated from
adsorbens involves a combination of acid catalysed esterifica-
tion and an alcaline catalysed transesterification. A methodology
will be presented for the production of biodiesel with high qual-
ity parameters from these waste resources.

Animal fats can be converted into FAME after a combination
of fractionation, adsorption and transesterification. Animal fats
can be used as biofuel for the production of electricity after
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adsorption and acid esterification in order to reduce the phospho-
reous and FFA content respectively.

Deodorizer distillate as additive for biodiesel is an alternative
way to valorize this side stream of the refining.

Biodiesel Fuel and Biodegradable Hydraulic Fluids. Joseph
M. Perez, The Pennsylvania State University, 130 Fenske
Laboratory, Chemical Engineering Department, University Park,
PA 16802 USA.

Research on oxidation stability, friction and wear and other
properties of selected vegetable oils has been pursued for over a
decade in the Tribology Group at Penn State University. This
research has resulted in significant progress in turning the
University “Green”. Research conducted on Biodiesel Fuel and
Biodegradable Hydraulic Fluids has resulted in the use of B20
fuel and Biodegradable Hydraulic Fluids in some 200 pieces of
farm operations equipment for over 2 years. The projects at Penn
State are the result of collaboration between several groups on
campus including the Chemical Engineering Department, the
College of Agriculture, Farm Operations, the Energy Institute and
Environmental, Health and Safety Department. Justification for
use of biodegradable fluids is described. The results obtained to
date in a major field test at the University will be presented. Data
on viscosity, acid number, metals, friction and wear obtained on
used hydraulic fluid samples indicate equivalent performance to
petroleum based fluids. Other oleochemical research projects at
Penn State will be discussed. These include projects on manufac-
turing biodiesel from waste cooking oils, compost studies to
determine disposal protocol for used hydraulic fluids and fuels,
use of biodegradable elevator fluids, and glycerol studies. The
research on producing biodiesel from waste cooking oil is a
unique student run project aimed at increasing hands on engineer-
ing experience for the students while supplying biodiesel to meet
the requirements at the University. 

Application of Crude Glycerin from Biodiesel on Aviation
Deicer. Sevim Z. Erhan1 and Bernie Tao2, 1USDA, ARS,
NCAUR, FIO, Peoria, IL 61604, USA; 2Purdue University, W.
Lafayette, IN, USA.

In this study, use of glycerin as a replacement for polypropy-
lene and ethylene glycol in aircraft deicing and anti-icing fluids
is reported. Both refined and crude glycerin from biodiesel pro-
duction has been investigated. Refined and crude glycerin per-
forms very well in deicer testing for freezing point depression,
viscosity and aerodynamic performance. However, the presence
of salts in crude glycerin caused discoloration of aluminum and
steel, and residual acids or bases in some crude glycerin samples
caused corrosion. Crude and refined glycerin with a salt content
less than 1.5% and neutral pH did not negatively impact the met-
als. It was determined that pure glycerin could be used in deicer
fluids, but crude glycerin would require post processing to
remove salts, non glycerin organic matter and pigments before
being used in deicer. 

Biobased Fuel and Lubricant Components Derived from
Naval Stores. Lloyd Nelson, USA.

Naval Stores products are comprised of rosin, turpentine, and
tall oil fatty acids. These acids, typically long chain C18 or cyclic
C20 organic acids called tall oil, are useful as components for
fuels and lubricants. In the fuels area, tall oil fatty acids and
derivatives can be used as lubricity agents for low sulfur diesel
fuel and gasoline, as corrosion inhibitors in multiple fuel
streams, or as an alternative to biodiesel derived from fats and
oils. Because of their molecular structures and inherent perform-
ance properties, tall oil fatty acids and derivatives thereof can
also be used as additives or base fluids in the formulation of
automotive and industrial lubricants. These products are derived
from pine trees and have excellent biodegradability. This presen-
tation discusses the chemistry and performance of Naval Stores
products as fuel and lubricants components.

Chemical Modification of Fructans and Fatty Acids for Non-
Food Applications. Chris Stevens, Ghent University, Belgium.

Abstract not available at press time.

Aspects of Biodiesel Oxidative Stability. Gerhard Knothe,
USDA, ARS, NCAUR, Peoria, IL 61604, USA.

Biodiesel, a diesel fuel derived from vegetable oils or animal
fats, is continuously gaining acceptance in the marketplace.
Technical compatibility with petrodiesel and the existing fuel
distribution infrastructure as well as concerns over petroleum
availability and costs play significant roles. However, one of
the major issues when using biodiesel is its stability towards
oxygen in ambient air since biodiesel usually contains signifi-
cant amounts of unsaturated fatty esters. Factors influencing
biodiesel oxidative stability are not only its composition but also
presence of light, elevated temperature, presence of extraneous
materials, including container material, as well as the surface
between biodiesel and air. Approaches to improving oxidative
stability include the use of additives and modifying the fatty acid
profile. Various analytical methods based on wet chemistry,
physical properties, and spectroscopy, have been used for assess-
ing biodiesel oxidative stability. These aspects of biodiesel
oxidative stability will be addressed.

Emerging Technologies

Chairpersons: A. Dijkstra, Consultant, France; and S.
Gunay, Besler, Turkey.

Fractionation of Palm Oil: Current Status, Future
Possibilities. Ralph Timms, Consultant – Oils & Fats, 5 Wrays
Yard, Nocton, Lincoln LN4 2BJ, UK.

The theory and technology of palm oil fractionation are
reviewed. Palm oil fractionation comprises crystallisation and
separation steps. Theory shows that at the fundamental level dry
(i.e. without solvent) fractionation can achieve the same triglyc-
eride separation efficiency as solvent fractionation. However,
dry fractionation, unlike solvent fractionation, is limited by the
level of trapped (entrained) oil in the crystals. This limitation is
particularly important for the mid-fractions and stearins which
are used in confectionery fats and trans-free formulations. There
have been significant improvements in the separation step over
the last 25 years, resulting in significant reductions in entrain-
ment, but entrainment levels are still the main factor limiting the
fractionation process.

Properties of typical palm fractions are presented. Standard
palm stearin and olein are readily available commercially and
palm olein can now be considered the world’s fourth largest oil.
Increasingly, a wide variety of mid-fractions, stearins and oleins
are being produced to meet customer demands. As an illustration
of this trend, the application of palm stearins in trans-free formu-
lations is discussed. Trans-free formulations may be simple
blends of palm fractions with other oils, but to avoid increased
levels of saturated fatty acids interesterified blends of palm
stearin and a lauric oil are used. For optimum results, palm
stearins with low-IV/high palmitic acid levels are required.

Finally, the practical and theoretical limits to palm oil dry
fractionation are discussed with reference to what further
improvements in products may be possible in the future.

Postbleaching after Interesterification/Hydrogenation:
Theoretical Background and Industrial Procedures. Jeanette
Hollien, Gunter Börner, and Matthias Schneider, ÖHMI
Engineering GmbH, Germany.

Bleaching is mostly considered as a rather simple process
within the refining of vegetable oils allocated between degum-
ming/neutralisation and deodorization. But it gains more and
more importance as a post-bleaching process within special fat-
production after hydrogenation and interesterification, which is
mainly caused by very strong quality requirements of extreme
low levels of residual traces of catalysts and other minor compo-
nents resulting from the previous processes. 
Therefore the post bleaching process has to aim at a nearly com-
plete adsorption of all metal traces and soaps as strong prooxi-
dants in the fats; especially, the removal of nickel to a level
below 0,02ppm plays an important role in order to avoid any
health risks. 
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These strong quality requirements very often have to be com-
bined with frequent feedstock changes by lowest mixing rates
between different batches included a high level of automation. If
all these different characteristics have to be fulfilled the post-
bleaching process will lead to more complicated and complex
processes as we know them from the simple conventional
bleaching one.

Several process applications have been developed and are
available currently to increase the efficiency and flexibility com-
bined with a safe and reliable removal of all unacceptable com-
ponents. 

An overview will be presented about different post bleaching
processes in batch, semi-continuous and continuous mode of
operation including an appropriate implementation of filtration.
The single processes are explained there and criteria for their
right selection are defined. 

Enzymatic Processing of Oils and Fats: Current Status and
Future Perspectives. Wim De Greyt, Jan De Kock and Marc
Kellens, De Smet- Ballestra, Brussels, Belgium.

In the past, the use of enzymes in oil processing has always
been limited because of their sensitive nature and higher cost.
Today, more active and stable enzymes are available at an
acceptable cost. Together with significant technological
improvements, this has resulted in the developments of enzymat-
ic oil and fat refining and modification processes that are reli-
able, efficient and cost-effective. Enzymatic degumming and
enzymatic interesterifciation are typical examples of enzymatic
processes that are already applied on industrial scale. 

In enzymatic degumming, the non-hydratable phosphatides
are converted into hydratable lyso-phosphatides that can be
removed by a one-step centrifugation process. It has been
demonstrated on industrial scale that enzymatic degumming is a
cost effective process that can result in lower oil losses.

The development of a heat-stable, immobilized lipase has
made the enzymatic interesterification process economical for
the production of commodity fats and oils. The main advantages
of enzymatic interesterification over chemical interesterification
are the lower oil losses and less degradation of natural anti-oxi-
dant. 

Other enzymatic processes can be expected in the near future
in the oils and fats processing industry. More specifically, it con-
cerns the use of enzymes for the deoiling of lecithin, production
of biodiesel, oils and fat splitting and extraction of oil from oil-
bearing materials. 

Production of Cocoa Butter Substitutes by Dry Fraction-
ation. Müjde Olçay, Besler Gida ve Kimya San.Tic.Afi,
Istanbul, Turkey.

Specialty fats are used extensively in the food industry food
applications where specific physical and chemical properties are
important. For this reason, the requirements placed on these fats
are different from those placed on general purpose oils. Most
confectionery products have a high fat content. So, their melting
behaviour, which is determined by the fat type, in the mouth, is
critical.

One of the most important classes of fats is that of Cocoa
Butter Alternatives (CBA) for which the standard of comparison
is cocoa butter. They can be divided into two basic types: lauric
(CBS) and non lauric (CBR, CBE). The lauric type (Cacao
Butter Substitutes, CBS) rely on a high content of lauric acid.
The physical properties of PKs resemble particularly closely
those of cocoa butter and it’s generally acknowledged that the
best type of CBS as opposed to CBE, are made from this fat.

Substantial quantities of palm kernel oil are therefore frac-
tionated in Europe, USA, Malaysia and Turkey for this purpose.
It’s obtained only in a cost effective way by dry fractionation.
Especially, the dry fractionation technology has undergone sub-
stantial improvements in the last years.  The introduction of High
Pressure Membrane Filter presses as well as the development of
high efficient crystallisers had lead to a multifunctional technol-
ogy.

In this paper, typical example of the production of specialty
fat from Palm Kernel Oil by multifunctional dry fractionation is

presented. Furthermore, the most recent development extended
with a new Statoliser technology is highlighted.

Catalyst Technology for the low trans Hydrogenation of
Edible Oils. Annemarie Beers and Peter Berben, Engelhard
Corporation, De Meern, The Netherlands.

Due to the idea that trans fatty acids have an adverse effect
on the condition of the blood vessels and the heart, consumers
are encouraged to reduce their intake of trans fatty acids. As a
result, their demand for products low in trans fats continues to
increase. Accordingly, food manufacturers and suppliers of edi-
ble oils are pressed to develop innovative and cost-competitive
technologies to lower the levels of these trans fats in their prod-
ucts. As a leading player in the oleochemical and oil processing
industry, Engelhard Corporation is developing new catalytic
hydrogenation technologies to meet these low trans demands.
Nickel-based catalytic technologies are currently widely used in
slurry-phase hydrogenation of edible oils. Nickel hydrogenates
the double bonds present in the triglycerides and isomerizes the
naturally occurring cis isomers into the trans-isomers. 

When developing new catalytic technologies in this field, it
is very important to distinguish the different types of fats and oil
applications. Because, when producing a frying oil type of prod-
uct by means of a relatively short (brush) hydrogenation, the tar-
get is to increase the oxidative stability by lowering the amount
of chains that contain multiple double bonds. In case a shorten-
ing type of product is produced, the triglyceride chains are
hydrogenated even further and the targets are different: the
amount of saturates becomes important and also the melting
characteristics are considered. The research is therefore focused
on these two types of products. The latest research results will be
presented and discussed, as well as Engelhard’s perspectives on
this topic.

Industrial Scale Interesterification. J. van Ee, ADM, USA.
Abstract not available at press time.

By-Products and Utilization II

Chairpersons: V. Finkenstadt, USDA, ARS, NCAUR,
USA; and M. Olcay, Besler, Turkey

Preparation and Characterization of Poly(lactic acid) Green
Composites Using Agricultural Co-Products as Fillers.
Victoria Finkenstadt1, LinShu Liu2, C.K. Liu2, Steven C.
Cermak1, Roque Evangelista1, Mila Hojilla-Evangelista1 and
J.L. Willett1, 1USDA, NCAUR, USA; 2USDA, ERRC, USA.

Poly(lactic acid) is a biodegradable plastic made from renew-
able resources and has similar mechanical properties to
polypropylene. PLA is more expensive than petroleum-based
plastics, and the use of low-cost fillers as extenders is desirable.
Agricultural co-products (AcP) of oilseed crops were collected
after initial processing. Cuphea (C), Milkweed (M) and
Lesquerella (L) are oil seed crops. PLA was melted in a twin-
screw extruder then AcP (0%, 8%, 15%, 22%, 30% and 45%
w/w) was added producing a homogeneous resin which was
injection molded. As AcP content increased, tensile strength for
all PLA composites decreased as predicted by the Nicolais-
Narkis model. PLA-C exhibited increased stiffness. In contrast,
the modulus of PLA-M & PLA-L decreased slightly.
Unexpectedly, PLA-M showed extensive stress-cracking under
tensile stress and exhibited an elongation value 50% to 200%
more than the PLA control. Acoustic emission shows ductile
behavior of the PLA-milkweed composite. 

Production of Enzymes and Industrial Usage—Special Focus
on Improving the Value of Oil By Products from Oil
Refining. H.C. Holm, Novozymes, Denmark. 

The developments within biotechnology has enabled cost
effective production of a variety of enzymes that improve the
processes and final products for a number of industrial produc-
ers. The production of enzymes from screening in nature to final
product will be shown. As well as case stories showing how
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enzymes have replaced harsh chemicals and improved final
products. In oils and fats industry enzymes is now a standard
processing aid in a number of process step, it will be presented
how: lipases are today used in production of margarine and
shortenings enabling production free of trans fatty acids forma-
tion, phospholipases removes phospholipids from oils ensuring
high processing yields and improved process economy for refin-
ing of oil a growing number of “nutraceutical” specialty oils are
prepared from vegetable and fish oils using enzyme technology 
vegetable oils through enzymatic conversion are used to make
new and improved ingredients for cosmetic usage.

Two new applications for enzymes are under development
for oils and fats processing, both with the aim of gaining
improved value from the process by products:
lipases and or esterases will be used eliminate problems with
free fatty acids in deodorizer distillate and other high free fatty
acid side streams prior to alkaline catalyzed biodielsel produc-
tion.

A new usage of phospholipases enables recovery of most of
the neutral oils currently lost with the wet gums arising from
water degumming of rape and soya bean oil.
- Join the industrial evolution.

Processing and Properties of Low Cost Biodegradable
Products Based on Corn Gluten Meal and Other Agro
Byproducts. Seiichiro Isobe and Hongkang Zhang, National
Food Research Institute, Kannondai 2-1-12, Tsukuba, Japan
305-8642.

Most synthetic biodegradable polymers are too expensive for
common usage. Starch-based polymers are also limited due to its
poor water resistance. We developed a novel kind of low cost,
biodegradable and medium water-resistant composite from corn
protein and other agro byproducts. This paper reported the cur-
rent development of biodegradable molded material and their
application of the plant pots for the seedling. 

Zein is an alcohol-soluble protein from corn starch industry.
This by-product is water-insoluble and shows a promising water
resistance. Therefore, zein was studied as a biodegradable poly-
mer in several reports. However, pure zein is too expensive for
most applications, which limits its usage. Corn gluten meal
(CGM) mainly contains zein (60-70%). We successfully pre-
pared injection-molded pots by use of CGM/agro byproducts
such as wood dust fiber, soy bean curd residue, fruit juice pulp
and so on. The composite was low cost and showed medium
water resistance, suggesting possible commercial potential. In
order to improve the molded products properties, we tested to
blend biodegradable polymer such as PLA and PBHA into
CGM(Corn gluten meal) based agro by-products ingredient. And
also, we tested to find the application for another bio-polymer
such as wheat gluten and egg white and Zein itself.

The molded samples were able to make from all tested mate-
rial and each sample had each physical properties. Such results
are useful to apply to make commercial products. 

Soybean and Sunflower Seed Micronutrients: Content /
Composition Variability and Biological Effects. J. Daydé, M.
Berger, A. Calmon, and V. Theodorou, E.S.A.Purpan,
Laboratoire d’Agrophysiologie UMR INRA 1054 – 75, voie du
TOEC – B.P. 57611 – 31076 Toulouse, France.

Soybean and sunflower seeds are rich in numerous micronu-
trients exhibiting different health benefits (cardiovascular dis-
eases, osteoporosis, ageing disorders…).

In soybean the major micronutrients are isoflavones and
saponins. Their content and composition are mostly dependent
on the seed fraction considered (germs vs. cotyledons). Even if
environment such as temperature, water supply and more gener-
ally agro-climatic conditions, are sources of isoflavone content
variability, genotype remains a predominant factor, particularly
for isoflavone and saponin compositions. In order to set up these
approaches, appropriate analytical improvements, in terms of
reproducibility and analysis performances, have been imple-
mented.

In sunflower, the micronutrients of interest - tocopherols and
phytosterols - are found in oil. Alpha-tocopherol represents more

than 95% of total sunflower tocopherol and has the greatest vit-
aminic activity. Further, this oil contains high amounts of beta-
sitosterol which is a promising health beneficial phytosterol.
Tocopherol content is equally determined by plant genotype and
environmental conditions, particularly temperature. In contrast,
either environment or genotype poorly influences phytosterol
content. 

Micronutrients content and composition in final industrial
products or by-products is largely dependent on the process
used. Taken together all these origins of variability in micronu-
trients content and composition both in raw materials and final
products, studies on their biological effects need to take into
account precise composition and potential matrix effects. For
example, soygerm pretraitement reduces experimental colitis in
rats whereas isolated genistein had no effect in this model.

In conclusion, information concerning raw material, origin
and industrial processes as well as characterization of micronu-
trients in final products are essential for a relevant evaluation of
biological effects. 

New Parameters for Meal Storage: Automation, Hygiene,
High Volume. John Houin, Laidig Systems, Inc., 14535
Dragoon Trail, Mishawaka, Indiana 46544, USA.

The poor flow characteristics of most oilseed meals have tra-
ditionally ruled out high volume storage in vertical silos, espe-
cially for “hot” meal at the crushing plant, that generally goes
into storage at 10 degrees above ambient temperature. Vertical
storage of meals at most plants has been limited to small cells for
same day discharge. Consequently, unlike grain, oilseed meal
storage does not normally offer the advantages of automatic
first-in first-out discharge, hygienic, bird flu resistant, confined
storage and efficient space use. However, as plants grow larger
and product quality, public health and worker safety issues
become more important, there is more pressure on plant opera-
tors to seek out options for fully enclosed automated storage.
This paper analyzes the technical difficulties associated with
storage of meal in round silos. It examines how moisture con-
tent, ambient humidity and temperature, time of storage and
other variables will cause meal in storage to compact, harden
and form bridges. The risks of silo damage from side loading and
mass flow of stored product are significant. Finally we take a
look at the most recent technological breakthroughs for automat-
ed vertical silo storage of meal, including extremely powerful,
high torque auger-type reclaim systems. These systems are at
some of the world’s largest processing facilities in use now (I. E.
13,000 MT processing a day in China). Optimal types of silo
construction including height to diameter ratios, flat vs. conical
bottoms, and load bearing requirements need careful attention, if
these new solutions are to be used. 

Wednesday Morning

Biotechnology (Microbial Conversion, and
Plant Engineering of Oils, Biocatalysis).

Chairpersons: R. Weselake, University of Alberta,
Canada; and I. Paksoy, Paksoy, Turkey.

The Terminal Step in Seed Oil Formation. Randall J.
Weselake, Department of Agricultural, Food and Nutritional
Science, 410 Agriculture/Forestry Centre, University of Alberta,
Edmonton, Alberta, Canada T6G 2P5.

Oil formation in oleaginous seeds may occur through the
combined action of acyl-CoA-dependent and acyl-CoA-inde-
pendent reactions. Diacylglycerol acyltransferase (DGAT) cat-
alyzes the acyl-CoA-dependent acylation of sn-1, 2-diacylglyc-
erol to generate triacylglycerol (TAG), the major component of
seed oil. Recently, we cloned a cDNA encoding type-1 DGAT
from a cell suspension culture of microspore-derived embryos of
Brassica napus L. cv Jet Neuf. In addition to investigating the
structure/function properties of B. napus DGAT1, we have over
expressed the cDNA encoding DGAT1 in developing seeds of B.
napus to produce some transgenic lines with enhanced seed oil
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content when grown under greenhouse conditions. Metabolic
control analysis of storage lipid biosynthesis with embryos from
developing seeds of a high-oil transgenic line, also grown under
greenhouse conditions, indicated that TAG assembly was less
restricted in than in non-transformed canola. Analyses of
bulked seed obtained from field studies with the promising trans-
genic lines revealed significant increases (P < 0.05) in seed oil
content thus corroborating observations made under greenhouse
conditions. This research could lead to the development of high
oil B. napus lines for use in both food and non-food applications.

Enzymes Directing Castor Oil Biosynthesis. Thomas A.
McKeon, Xiaohua He, Grace Chen and Jiann-Tsyh Lin, USDA,
ARS, WRRC, Albany, CA 94710, USA.

Castor oil is an important seed oil with numerous chemical
and other industrial applications. It is composed of 90% rici-
noleic acid, 12-hydroxy oleic acid. In attempts to generate
transgenic plants producing ricinoleate, researchers have found
that the amount of ricinoleate produced is limited, even though
the introduced hydroxylase gene is expressed at a high level.
We have postulated that the castor seed has enzymes that direct
the production and incorporation of ricinoleate into triacylglyc-
erols. We have demonstrated in isolated castor seed microsomes
that ricinoleate is incorporated 6-fold greater than oleate in the
final step in oil biosynthesis, the acylation of diacylglycerol to
triacylglycerol. We have identified several enzymes that are
involved in this final step and cloned genes that encode four dif-
ferent enzymes. Two genes correspond to diacylglycerol acyl-
transferase (DGAT) types 1 and 2, and two genes encode mem-
bers of the acylCoA synthetase family. The DGAT type 1 and
one of the acylCoA synthetase genes encode enzymes that
account for the preferential incorporation of ricinoleate into tri-
acylglycerol, based on substrate preference. These genes and
the characterization of their activity with different substrates
will be described.

Stereoselective Deacylation of Triacylglycerol by Lipase-
Catalyzed Ethanolysis. Yugo Iwasaki, Weera Piyatheerawong,
and Hideo Nakano, Laboratory of Molecular Biotechnology,
Graduate School of Bioagricultural Sciences, Nagoya Univer-
sity, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan.

Stereoselective ethanolysis of mono-acid TAGs by immobi-
lized Rhizomucor miehei lipase (RML) was studied for prepara-
tion of optically pure sn-2,3-DAGs. Trioctanoylglycerol (TO)
was used as a model substrate. The enantiomeric purity of the
product, sn-2,3-dioctanoylglycerol (sn-2,3-DO) was very high
(%ee > 99%), when excess amount of ethanol was used. The
result indicated that RML was highly stereoselective toward sn-
1 position of TO under excess amount of ethanol. The stereose-
lectivity of RML depended on the amount of ethanol. The larger
the amount of ethanol was, the higher the stereoselectivity
became. After optimizing the parameters such as reactant molar
ratio, water content and temperature, (ethanol/TO molar ratio =
31:1 and water content = 7.5 wt% of the reactants at 25°C), opti-
cally pure sn-2,3-DO was obtained at 61.1mol% in the glyceride
fraction in 20 min. The above conditions were further applied for
ethanolysis of mono-acid TAGs with different acyl groups such
as tridecanoylglycerol (C10:0), tridodecanoylglycerol (C12:0),
tritetradecanoylglycerol (C14:0) and trioctadecenoylglycerol
[triolein, (C18:1)]. It was found that the yields and enantiomeric
purities of 1,2(2,3)-DAGs were dramatically reduced when the
TAGs with FAs longer than decanoic acid was used.

Arachidonic Acid and its Enzymatic Conversion. Motoo
Sumida, Suntory Ltd., Institute for Health Care, 5-2-5 Yamazaki,
Shimamoto-cho, Mishima-gun, Osaka 618-0001, Japan.

Arachidonic acid (ARA; 20:4 n-6) is contained above 10% in
human brain membrane and liver tissue membrane. After inges-
tion, ARA is incorporated into the 2-position of membrane phos-
pholipids, which contributes to maintenance of normal mem-
brane structure and fluidity, and other regulatory function in cell
membrane. ARA is also known as a precursor of local hormones
(prostaglandins, leukotrienes, and thromboxanes) involved in
the ARA cascade. It is known that fungi, Mortierella alpina pro-

duces and stores ARA-oil as triglyceride. We have already suc-
ceeded to produce ARA-oil using fermentation of Mortierella
alpina in the industrial scale. 

ARA or polyunsaturated fatty acids have many unsaturated
bond (C=C double bond) in their structure, so that ARA or
polyunsaturated fatty acids are unstable for oxygen attack to be
oxidized.

To utilize lipids, it is known that triglycerides of plant oil are
converted and improved using lipase transesterification or aci-
dolysis reactions. Medium chain fatty acid and ARA containing
triglyceride are reacted using lipase reaction. ARA is incorporat-
ed into structured triglyceride (MLM-type). ARA-MLM-type
structured triglyceride is more stable than ARA oil produced by
fermentation.

Developing Enzyme Systems for Improved Biorefining of
Crops and Residues. Dominic Wong, Charles Lee, Kurt
Wagschal, Mike Smith, George Robertson, and Bill Orts,
Western Regional Research Center, USDA-ARS, 800 Buchanan
Street, Albany, CA, USA.

The biorefining of grains (starch) and crop residues (fibers)
to fermentable substrates for the production of biofuel and high-
value chemicals represents an important renewable source of
energy. The enzyme group at the Western Regional Research
Center is focusing on the development of enzymes and enzyme
systems for cold hydrolysis of starch granules and for the com-
plete breakdown of hemicellulosic materials. We have made use
of combinatorial chemistry and molecular biology techniques to
discover, express, and evolve these enzymes for targeted struc-
tures and functions. We screen DNA libraries to isolate or dis-
cover genes by sequence and functional selections, clone them
into E. coli and yeast for expression, and then purify and char-
acterize the enzymes for specific biochemical properties.
Selected clones are targeted for directed evolution studies for
improvement, and further evaluated using combinatorial
approaches. The following groups of enzymes are currently at
various stages of development: α-amylase, glucoamylase,
endo-β1,4-xylanase, β-xylosidase, α-L-arabinofuranosidase,
acetylxylan esterase, and feruloyl esterase. Enzyme systems
consisting various combinations of individual enzymes are
being tested and evaluated.

Coordinated Roles of DGAT and a TAG Lipase in Thylakoid
Remodeling and Disassembly. John E. Thompson, Dept. of
Biology, University of Waterloo, Waterloo, Ontario N2L 3G1,
Canada.

Full-length cDNA corresponding to GenBank sequence
At2g31690 was obtained by RT-PCR using RNA from rosette
leaves of Arabidopsis thaliana as a template. The cognate pro-
tein was found to contain the lipase active site consensus
sequence, which is a characteristic feature of lipases that de-
esterify fatty acids, and to exhibit lipase catalytic activity.
Confocal microscopy of rosette leaf tissue treated with FITC-
labelled, lipase-specific antibody indicated that the lipase protein
is present in chloroplasts, consistent with the fact that it is pre-
dicted to have a plastid targeting sequence, and co-localizes with
plastoglobular neutral lipid. Western analysis indicated that the
lipase protein is expressed in roots, influorescence stems, flow-
ers, siliques and leaves, and that it is strongly up-regulated in
senescing rosette leaf tissue. Transgenic plants with suppressed
At2g31690 were obtained by expressing the corresponding
cDNA in the antisense orientation under the regulation of a con-
stitutive promoter. The transgenic plants bolted and flowered at
the same time as wild-type plants, but were severely stunted and
exhibited delayed rosette senescence. Moreover, the stunted
growth phenotype correlated with an irregular chloroplast mor-
phology. The chloroplasts of transgenic plants were structurally
deformed, had a reduced abundance of thylakoids that were
abnormally stacked, and contained more plastoglobular neutral
lipid than chloroplasts of wild-type plants. These observations
collectively indicate that lipase At2g31690 plays a role in main-
taining the structural integrity of chloroplasts, possibly by mobi-
lizing the fatty acids of plastoglobular triacylglycerol for galac-
tolipid synthesis.
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Nutraceuticals and Bioactives in Edible
Oils and their Processing Co-Products

Chairpersons: G. List, USDA, ARS, NCAUR, USA; and
A. Karaali, ITU, Turkey.

Reformulation of Food Products for trans Fatty Acid
Reduction: A U.S. Perspective. G.R. List, Food and Industrial
Oil Research, National Center for Agricultural Utilization
Research, ARS, USDA, 1815 N. University Street, Peoria, IL
61604, USA.

In 1990, the United States Congress enacted the Nutrition
Education Labeling Act (NELA). Final Food and Drug
Administration (FDA) rules regarding trans fatty acid (TFA) label-
ing were issued in July 2003. As of Jan. 1, 2006, TFA content must
be listed on nutrition labels as a separate line, but foods containing
less than 0.5 grams TFA/serving (14 grams) may be declared as
zero. As a result, many foods and fat products have been reformu-
lated to meet FDA nutrition labeling guidelines. Currently, a num-
ber of oil processing technologies are available including chemical
and enzymatic interesterification, fractionation of tropical fats,
blending, modified hydrogenation the use of naturally stable veg-
etable oils and structurally modified fats and oils. The snack food
industry has responded by switching from hydrogenated fats to nat-
urally stable oils including high- and mid-oleic sunflower, high-
oleic soybean, corn and cottonseed oils. Similarly, other foods have
been reformulated by replacing lightly hydrogenated oils with nat-
urally stable oils. In foods where shelf life and stability are major
considerations, the use of naturally stable oils has proven satisfac-
tory. Published studies have shown that many structurally modified
oils perform well in deep fat frying and compare favorably to fry-
ing shortenings containing high levels of TFA.

Soft spreads, formulated from hydrogenated fats, typically
contain the lowest levels of TFA compared to stick and spread-
able stick products. Many soft spreads have been reformulated to
meet a zero trans claim or 0.5 gram/serving. Many stick products
have not been reformulated to meet a zero trans claim. Other
approaches to reformulating spreads include the use of chemi-
cally and enzymatically interesterified components, usually at
the expense of increased saturated fatty acid content. Zero trans
spreads may be formulated from liquid vegetable oils and tropi-
cal fats, which may or may not be fractionated.

Baking shortenings prepared via hydrogenation typically
contain up to 25% TFA. Low/zero trans shortenings have
appeared in the marketplace based on both interesterification
and modified hydrogenation technology as well as blending
completely hydrogenated soybean/cottonseed stearines with liq-
uid vegetable oils.

Sunflower Seeds Bred to Have High Amounts of Gamma and
Delta Tocopherols Improve the Oxidative Stability of
Sunflower Oil. K. Warner1, J. Miller2, and Y. Demurin3,
1USDA, ARS, NCAUR, Peoria, Illinois , USA; 2USDA, ARS,
Northern Crop Science Laboratory, Fargo, North Dakota, USA;
3VNIIMK, Krasnodar, Russia.

The high levels of gamma and delta tocopherol in soybean oil
partially help to inhibit oxidation of its linolenic and linoleic
acids. On the other hand, sunflower oil with low amounts of
gamma and delta tocopherol does not have this level of antioxida-
tive protection for its high amount of linoleic acid. To determine
if the oxidative stability of sunflower oil could be enhanced, sun-
flowers were bred to contain increased levels of gamma and delta
tocopherols. Mid-oleic sunflower seeds containing various pro-
files of tocopherols ranging from the traditional high alpha, low
gamma, low delta to those with high gamma, high delta, and low
alpha were extracted and the crude oil evaluated for oxidative sta-
bility. After aging at 60C, oils were measured for peroxide value
and hexanal. Oxidation of the oil was decreased significantly
when the gamma tocopherol content was increased to 300-700
ppm compared to regular mid-oleic sunflower oil with low levels
(20 ppm) of gamma tocopherol. The modified oils had alpha
tocopherol contents of up to 300 ppm without negatively affect-
ing the stability of the oil. An oil with one of the best oxidative

stabilities had a tocopherol profile of 470 ppm gamma, 100 ppm
delta and 300 ppm alpha indicating that mid-oleic sunflower oil
could be more oxidatively stability and still be a good source of
Vitamin E from alpha tocopherol. 

Modified Soy Protein as a Novel Functional Food Ingredient.
Prachuab Kwanyuen, USDA, ARS, NC State University, USA.

Since the market of food ingredients is very competitive, the
functionality of soy protein must be improved or redesigned for
specific food applications by either physical or chemical modifi-
cation. Unlike modified starch, soy protein does not naturally
impart instantaneous and significant stability to food formula-
tions, limiting its application in many products. Physical modifi-
cation of soy protein to increase its functionality has been estab-
lished using thermal denaturation, followed by cooling and dry-
ing of the modified soy protein into a powdered form. Once
processed, the modified soy protein displayed the instantaneous
thickening capability, mimicking the behavior of a pregelatinized
starch. The enhanced functionality of the modified soy protein
was attributed primarily by hydrophobic interactions and hydro-
gen bonding with evidence of disulfide exchanges taken place
during the protein modification. During preliminary experiments,
protein concentration prior to thermal denaturation was also
found to be critical for protein/protein interaction and intermole-
cular network formation. This modified soy protein could be used
to replace other hydrocolloids, primarily starch and carrageenan
in food system, while delivering an excellent nutritional benefit. 

Production of CLA Rich Soy Oil. Andrew Proctor and Vishal
Jain, University of Arkansas, USA.

Conjugated linoleic acid (CLA) is an anticarcinogenic,
antimutagenic, and antioxidant fatty acid found in beef and dairy
products. Daily food intake of CLA is typically 10 % of the rec-
ommended value required for its beneficial effects. The objec-
tives of this study were a) Obtian a CLA rich oil using a cus-
tomized UV photo-irradiation system and minimum of iodine
catalyst without no lipid oxidation, b) to remove residual iodine
while retaining a high level of CLA in the oil, and c) to deter-
mine the kinetics of CLA formation. 

The UV photo-irradiation system consisted of a water jacket-
ed reaction vessel, incorporating a jacketed immersion well to
facilitate temperature control at ~ 25oC . Soy oil was irradiated
with a 100 W UV lamp for 144 h with iodine concentration of
either, 0.10, 0.15, or 0.25 % and CLA isomers were measured as
methyl esters by GC-FID. Primary and secondary lipid oxidation
products were observed by GC-MS, ATR-FTIR, and 1H NMR.
Commercial bleaching clay adsorption was used to remove
iodine and potential iodo-compounds from high-CLA oil and
residual iodine determined by ICPMS. 

After 144 h of irradiation, an optimum total-CLA yield of 24
% total oil was obtained with 0.15 % iodine concentration. The
soy oil consisted of 3.5 % cis-9, trans-11 and trans-10, cis-12
CLA isomers and 17.5 % trans-, trans- isomers, as compared
with 0.6 % total CLA found in dairy foods. ATR – FTIR, 1H
NMR, and GC-MS indicated absence of peroxide and aldehyde
protons, providing evidence that secondary lipid oxidation prod-
ucts did not occur. Adsorption processing significantly reduced
residual iodine from 48 to 14 ppm without CLA loss. Kinetic
studies indicated a second order reaction for formation of cis-,
trans- or trans-, cis- CLA isomers from linoleic acid and a zero
order reaction for the formation of trans-, trans- CLA isomers. A
CLA-rich soy oil was produced by simple processing methods
that could be developed into a commercially viable process. 

Thermal and Oxidative Stability of Omega-3 Oils from
Marine and Plant Sources. Amogh Ambardekar and Nurhan
Turgut Dunford, Oklahoma State University, Department of
Plant and Soil Sciences, Food and Agricultural Products
Research and Technology Center, Room 103, Stillwater, OK,
74078, USA.

New studies continue to support the growing body of evi-
dence that polyunsaturated fatty acids, specifically omega-3
fatty acids, provide numerous health benefits. Prevention of
heart disease, hypertension, Type II diabetes and renal disease
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and aiding brain development and growth are a few of the many
health benefits of omega-3 fatty acids that are reported exten-
sively in the medical literature. In 2004, the U.S. Food and Drug
Administration (FDA) announced a qualified health claim that
“conventional foods including fortified foods” containing long
chain omega-3 fatty acids reduced the risk of cardiovascular
heart disease. The FDA announcement caused a spur in the
development of omega-3 fortified foods by industry. However,
incorporation of omega-3 oils into food products is challenging
because of their thermal and oxidative instability which results
in deterioration of flavor, increased risk of rancidity and reduced
shelf-life. Understanding the kinetics and mechanism of thermal
degradation and oxidative stability of omega-3 oils is crucial for
development of oil stabilization techniques, process control and
establishment of standards for food applications. Hence, the
objective of this study is to examine thermal and oxidative sta-
bility of omega-3 oils from marine and plant sources using ther-
mogravimetric analysis (TGA) and rancimat methods.

Seven oil samples [two fish oil (Menhaden oil with added
antioxidant and Alaska pollock with no added antioxidant), two
flax oil (crude and refined), one oil from microalgae with added
antioxidant and two canola oil samples (crude and refined)] were
evaluated in this study. Quality of the oil samples was character-
ized by the p-anisidine value, free fatty content and peroxide
value tests. The thermal stability of samples was analyzed by
using a TGA (Mettler Toledo TGA/SDTA851e) instrument. The
tests were carried out at heating rates of 5, 10, 20 and 30oC/min
up to 600oC both under nitrogen and oxygen atmospheres (15
mL/min). Thermal stability of oil samples was determined as a
function of initial decomposition temperature (Tonset). Activation
energy and oil degradation curves for each oil sample were gen-
erated using STAR software (Mettler-Toledo, OH, USA, version
8.10). Oxidative stability of the oil samples was evaluated by
using rancimat tests (Metrohm Rancimat, model 743, Brinkman,
NY, USA). The tests were carried out at 100, 105, 110, 115, 120
and 130oC with an air flow rate of 20 L/h. Oxidative stability of
the oil samples were described by correlation equations derived
from temperature vs induction time curves for each oil.
Induction time and Tonset temperature of the oil samples varied
depending on the oil source and presence and absence of the
antioxidants. Rancimat and TGA tests showed the same stability
trends for the oil samples evaluated in this study.

Bioactive Extracts for Food Use Using Pressurized Fluid
Technology. J. King1, J. Carrier2 and E. Clausen1, 1Department
of Chemical Engineering and 2Department of Biological &
Agricultural Engineering, University of Arkansas, Fayetteville,
AR, 72701, USA,.

Extraction and fractionation of biologically-active extracts for
use in foods can be achieved in a sustainable and “green” manner
using combinations of pressurized fluids - such as SC-CO2,
ethanol, and water. In this presentation, we will emphasize three
facets of this technology: (1) selection of the proper extraction
fluid, (2) extract concentration limits within a lipid-containing
food matrix, and (3) evaluation of biological effectiveness of
such extracts. The choice between the above-mentioned fluids
can be made utilizing a combination of molecular group structur-
al approach combined with solubility parameter theory which
links solute (extract) structure with the extraction conditions.
This will be illustrated by examining the cohesional energy den-
sities associated with lipid-type solutes and food additives
(nutraceuticals) and the choice of SC-CO2 or subcritical water as
an extraction medium. A correlation between the solubility
parameter of the target extract and temperature-dependent varia-
tion in the solubility parameter of water between 47 – 14 MPa1/2

in terms of extraction efficacy for target solutes will also be
explained. Similarly, this approach can be used to advantage to
predict the extent of solubilization of an extract in a model
lipophilic food matrix. Miscibility between the food additive
(extract) and the matrix can be assessed by combining the solu-
bility parameter approach with the Flory -Huggins theory, which
accounts for the molecular size disparity between the additive
and major components in the food matrix (e.g., fat). Combining
these theories with the Flory interaction parameter (¯) provides

insight into problems, such as the extent to which an aqueous-
derived extract or target solute can be solubilized in a lipophilic
food matrix or the miscibility-immiscibility relationship between
phystosterol moieties and oil or fat – containing matrices.

Evaluation of the biological activity of extracts from pressur-
ized fluid extraction is critical for their potential application as
functional food additives. In current studies involving high pres-
sure water extraction of flavonolignans from milk thistle
(Silybum marianum L.), antioxidants from mimosa (Albizia julib-
rissin), and policosanols from switchgrass (Panicum virgatum);
TBARS (thiobarbaturic acid reactive substances) assays been
performed. TBARS results from milk thistle extracts and model
silylflavanolignan compounds show an inhibition against LDL
oxidation (93% reduction) indicating extract effectiveness
against atherosclerotic activity and enhancement of liver func-
tion. Similar results have been recorded for aqueous mimosa
extracts (100–160oC) which contain hyperoside and quercetin—
compounds which exhibit anti-flammatory, diuretic, and anti-
oxidant activity. Recent aqueous extractions of switchgrass have
also shown surprising TBARS activity suggesting the subcritical
water extraction as an alternative technique to SC-CO2 extrac-
tion. The above results confirm the potential use of such extracts
in foods and nutraceutical formulations having high lipid content.

Preparation-Extraction-Desolventisation

Chairpersons: W. De Greyt, De Smet Ballestra, Belgium;
and S. Temel Isiten, Unilever, Turkey..

Efficient Soybean Conditioning and Dehulling. Gregg Haider,
Crown Iron Works, USA.

A soybean, like all other living things, is designed to protect
itself. The oil is securely contained inside the tough cell struc-
ture, and a tough but thin hull is securely stuck on the outer sur-
face like armor. The soybean is well protected against it’s usual
environment with the typical ranges of moisture and tempera-
ture, and a slow rate of change.

In order to make the oil more available for extraction, almost
all preparation systems ‘condition’ the soybeans, which means to
warm them to about 65°C (149°F) to make them pliable and eas-
ier to flake, and to help soften and rupture the oil cells. Drying
may also be needed and usually drying to 91/2–10% is desirable
depending on extraction system.

When dehulling is desired, the aim is to separate the hull
from the meat, and this requires defeating the natural defenses of
the soybean. To do this, we purposely subject the soybean to
extremes. We can make the bean ‘very wet’, ‘very hot’, or
change moisture or temperature ‘very fast’. It also helps a great
deal if the soybean is ‘very well aged’—that is, it helps if the
soybean has been in storage for a long time so that the hull is less
tightly adhered to the meat.

Exergy Steam Processor as Pre-Conditioner. C. Münter,
Exergy, Sweden.

Superheated steam as a medium for the conditioning of seeds
and beans has been demonstrated in a pilot plant and on an
industrial scale at Karlshamns, Sweden and Bunge in
Mannheim, Germany.

Treatment of rape seed, soy beans, sunflower seed and lin-
seed has shown similar results concerning inactivation of
enzymes. After water degumming, the phosphorus content is
typically below 5 ppm.

Results from pilot testing and industrial testing at
Karlshamns and Bunge will illustrate the following benefits of
using the Exergy Steam Processor.

Immediate inactivation of enzymes which results in a very
low NHP content after water de-gumming. Anti-nutritional fac-
tors in the protein meal are almost eliminated.

Press oil and/or extracted oil can be physically or chemically
refined at a lower cost.

Protection of protein from degradation in the rumen (by-pass
protein) is achieved, giving 20-30% added value, without addi-
tion of any chemicals.
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The Exergy system is a closed system with a minimum of
emissions and heat losses.

Moisture content can be controlled in order to optimize the
pressing operation. Evaporated water can be recovered for ener-
gy savings in the plant.

The system can be designed to fit plant lay-out, using a ver-
tical or horizontal conveyor.

Meal Desolventizing for Quality with Low Energy
Consumption. P. Van Doosselaere, De Smet Ballestra, Belgium.

Ever increasing concern with the environmental impact of
VOC emission (volatile organic compounds) in the atmosphere,
coupled with the demand from feed millers to produce animal
feed with high nutritive value, face the oilseed processor with
conflicting demands. Indeed, meal desolventizing requires the
use of heat and live steam, which affect the nutritive quality of
the meal. 

At the same time, the meal desolventiser – dryer - cooler is
the highest consumer of power and steam in the solvent extrac-
tion plant. 

The design of modern meal desolventizers, answering the
conflicting demands of producing meal that is low in residual
solvent and high in nutritive quality, while reducing the energy
consumption, is presented here.

Quality of Canola Oil and Meal Obtained with Supercritical
Carbon Dioxide Extraction. Feral Temelli, Sandra Mak, Lei
Xu, and Wendy Wismer, Department of Agricultural, Food and
Nutritional Science, University of Alberta, Edmonton, Alberta,
Canada T6G 2P5

Extraction of oilseeds using supercritical carbon dioxide
(SC-CO2) has been studied extensively over the past two
decades. However, sensory quality of the canola oil extracted
with SC-CO2 and functionality of the residual meal have not
been reported. With the government restrictions on the use of
hexane and the developments in design of high pressure equip-
ment and processes, SC-CO2 extraction of oilseeds at commer-
cial scale is fast approaching. Therefore, the objective of this
study was to evaluate the chemical composition and sensory
quality of the SC-CO2 extracted canola oil and the functionality
of meal in comparison to hexane-extracted products. Detailed
chemical composition analysis results suggest that SC-CO2-
extracted oil would be less stable than refined canola oil, but
require less refining compared to cold pressed oil. A trained
panel compared the sensory profiles of SC-CO2-extracted, cold
pressed and refined oils. Although the cold-pressed oil was rated
as having the strongest flavor and aroma intensities, SC-CO2-
extracted oil was also rated significantly more intense than con-
ventional refined canola oil in these attributes. For appearance
attributes, refined oil was rated as light and yellow, SC-CO2-
extracted oil was darker and orange, and cold pressed oil was
darkest and orange-brown. Canola meal extracted with SC-CO2
was similar to hexane-defatted meal prepared in the laboratory in
both composition and functionality (nitrogen solubility index,
emulsifying and foaming properties). SC-CO2 meal had a desir-
able light color as compared to commercially pressed meals.
Due to the numerous advantages of SC-CO2 over hexane, it
shows great potential for canola oil extraction. 

Adsorbent Purification of Biodiesel Eliminates the Need for
Water Wash. Brian S. Cooke, Christopher Abrams, and Bryan
Bertram, The Dallas Group Specialty Adsorbents, 1402 Fabricon
Blvd., Jeffersonville, IN 47130, USA.

Adsorbent purification of mono-alkyl esters (biodiesel) with
synthetic magnesium silicate (MAGNESOL®, Dallas Group of
America, Inc.) was compared to the method of washing with
water followed by drying (water wash method). Mono-alkyl
esters derived from crude soybean, yellow grease and rapeseed
feedstocks were utilized in the comparison. 

Methyl esters were produced in separate batches from crude
soybean oil and yellow grease feedstocks in the pilot plant reac-
tor at the Biomass Energy CONversion Facility (BECON) in
Nevada, IA by Iowa State University. The methyl esters were
separated from the glycerin and the excess methanol was flash

evaporated. A portion of the yellow grease and the soybean
methyl esters were then water washed and dried and another por-
tion was treated and filtered with synthetic magnesium silicate.

Ethyl esters derived from rapeseed oil were provided by
University of Idaho. The esters had been separated from the
glycerin and the excess ethanol was removed. A portion of the
rapeseed ethyl esters was water washed and dried and another
portion was treated and filtered with synthetic magnesium sili-
cate. The water washing and adsorbent treatments were per-
formed in the laboratory.

Soybean Methyl Esters: The resulting biodiesel from both
sections was able to meet the specifications that were tested.
However, the adsorbent treated biodiesel contained a lower soap
and sodium content than the water washed and dried sample. The
oxidative stability of the washed and dried methyl ester was only
0.2 hours compared to 3.7 hours for the treated biodiesel. 

Yellow Grease Methyl Esters: The adsorbent treated sample
passed all of the specifications that were tested, while the water
washed sample did. Once again the magnesium silicate treated
biodiesel showed a significant improvement in oxidative stabili-
ty (4.3 hours) when compared to the water washed and dried
sample (0.2 hours). 

Rapeseed Ethyl Esters: The magnesium silicate treated
biodiesel showed a significant increase in oxidative stability
(2.25 hours) when compared to the water washed and dried sam-
ple (0.49 hours).

Electroseparation of Adsorbens after Edible Oil Bleaching:
Process Evaluation and Critical Parameters. Marco Zenker
and F. Pudel, Pilot Pflanzenöltechnologie Magdeburg e.V., 39
114 Magdeburg, Germany.

The process of electroseparation has gained more importance
for industry as a potential technology to replace or complete tra-
ditional separation processes. In addition to its main application,
the separation of solid particles in gas volume flows, the process
has applied also for separation of solid particles in dielectric liq-
uids. A specific case of application is its use for separation of
adsorbens after bleaching of edible oils. 

Compared with conventional separation methods the process
allows the use of finely-grained bleaching earth, which can not
be separated in an economical way by the present filtration tech-
nique. Moreover the process offers the advantages of a long
operating time and a simple adaptability. However, changes in
oil composition and the formation of firmly bonded deposits on
the electrodes under operational conditions can affect the
process of separation by the electroseparation method
unfavourably.

It is described a study of systematic investigation of the crit-
ical process parameters involved in the electrostatic separation
of adsorbens after edible oil bleaching. These parameters range
from the quality of oil and bleaching conditions chosen to the
effect of a different apparatus design such as the use of coated
electrodes. Measurements of the impact of several oil ingredi-
ents, the influence of the extrinsic factors temperature and elec-
trical field strength as well as the effect of different PTFE based
non sticking coatings for electrodes yielded the information and
data requirements for optimum process conditions. Starting from
lab-scale experiments in continuous flow the model-based
analysis of the data was aimed. The results were assessed with
respect to the intended use for the separation of adsorbens in edi-
ble oils and compared with those obtained using the convention-
al separation method. 

Wednesday Afternoon

General Session I–Biodiesel

Chairpersons: S. Turkay, ITU, Turkey; and E. Serel Erin,
Unilever, Turkey

Exhaust Emissions from Engines Fueled with Biodiesel from
High Oleic Soybeans. Mustafa Ertunc Tat1, P.S. Wang2, J. Van
Gerpen2, and T. Clemente3, 1Dept. of Mechanical Engineering,
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Eskisehir Osmangazi University, Bati Meselik 26480, Eskisehir,
Turkey; 2University of Idaho, Dept. of Biological & Agricultural
Engineering, USA; 3University of Nebraska, Dept. of Agronomy
and Horticulture, USA.

Biodiesel is a fuel comprised of mono-alkyl esters of long
chain fatty acids derived from vegetable oils or animal fats.
Biodiesel can be derived from any kind of organic oils and fats,
and the fatty acid profile of the alkyl esters in the biodiesel will
be identical with that of the triglycerides in the original oil. The
fuel properties of biodiesel are directly related to the fatty acid
profile of the source material. Since saturated feedstocks tend to
have poor cold flow properties and polyunsaturated feedstocks
have poor oxidative stability, it has been proposed that a
monounsaturated feedstock might be optimum for biodiesel. In
this research, high oleic genetically modified soybean oil was
converted to biodiesel and run in a John Deere 4045T 4.5 L four
stroke four cylinder turbocharged DI diesel engine. The exhaust
emissions were compared with conventional soybean oil
biodiesel and commercial No. 2 diesel fuel. There was a signifi-
cant NOx emissions reduction using the high oleic soybean
biodiesel compared with regular soybean oil biodiesel and there
was no significant difference between the regular and high oleic
biodiesel HC and smoke emissions. 

Unlocking Potential Through Technological Breakthroughs
in Oils and Fats Sector. Rajan Skhariya, Mecpro Heavy
Engineering Ltd., 610, Som Dutt Chamber II, Bhikaiji Cama
Place, New Delhi 110066, India.

Mecpro has developed several innovative technological
processes through modifications and improvements to the tradi-
tional process designs adopted in plants. The key breakthroughs
are (a) Double Bleaching in Refining (b) Reduced steam con-
sumption in Deacidification (c) Efficient Refining through
Sodium Silicate (d) Supercritical Hydrogenation (e) Hexane
recovery through vent-air purification system (f) Miscella sepa-
ration at low temperature (g) Low temperature separation of
hexane from defatted meal (h) Special filter media to reduce
impurities (i) Waste water recycling (j) Efficient dehulling of
sunflower, cottonseed and soybean for protein enriched meal.

We have been able to develop and design certain modifica-
tion and improvements in the existing Bleaching process for
reducing consumption of Bleaching earth which has been found
to be very effective and the consumption of Bleaching earth is
reduced by atleast 20%, resulting in significant cost savings.

In our improved deodorizing system where in a flash column,
thin film is created through internal turbulence, which is created
without adding steam, thereby, resulting in reduction in vapor
pressure in Booster Ejector. Hence, steam consumption is dras-
tically reduced thus, saving in costs besides improving quality of
final oil to have better market realization.

Hexane losses have been reduced to below 1 kg/metric ton of
feed material processed, MIV has fallen to less than 0.1% and
the consumption of steam and water has gone down, dramatical-
ly. The cumulative effect of all these on processing costs is a
reduction by as much as 30%. 

Vent air cracking is a system to recover the hexane that is lost
from the mixture of air and hexane while venting the air inside
the plant out to the atmosphere. It is also instrumental in cutting
down the loss of hexane during desolventization and also due to
leakage from orifices in the plant. 

In our process, the miscella is separated at a temperature as
low as 70o C instead of the traditional 120o C. This is a key to
cutting utility consumption both in steam as well as heating.
Impurities and volatiles are reduced by a special filter and helps
to reduce over 20% bleaching earth in the bleaching process.

Synthesis of Alkyl Esters from Three Unconventional
Sudanese Oils for the Use as Biodiesel. A. Mariod1, S.
Klupsch2, I.H. Hussein3, and B. Ondruschka2, 1Food Science &
Technology Dept., College of Agricultural Studies, Sudan
University of Science & Technology, P.O Box 71 Khartoum
North, Sudan; 2Institute for Technical Chemistry and
Environmental Chemistry, Friedrich-Schiller University,
Lessingstr.12, 07743 Jena, Germany; 3National Oil Processing

Research Institute (NOPRI), University of Gezira, P.O Box 20,
Wad Madani, Sudan.

Biodiesel is a renewable, biodegradable and non-toxic fuel
which can be derived from vegetable oils by transesterification.
In this study Sclerocarya birrea oil (SCO), Melon bug oil
(MBO) and Sorghum bug oil (SBO), three long-term stable oils
from Sudan, were transesterified using methanol or ethanol in
presence of sulfuric acid; the obtained biodiesel characteristics
were studied in accordance to the DIN EN 14214 specifications
for biodiesel. Most of the biodiesel characteristics met the DIN
specifications (water content, iodine number, phosphorus con-
tent). The kinematic viscosity values of all samples were higher
than those of biodiesel standard limits. Concerning the oxidative
stability, only SCO has an induction period higher than the
required limit. 

It was possible to prepare the methyl and ethyl esters cat-
alyzed by H2SO4 from the three unconventional Sudanese oils.
Under the described transesterification conditions SCO seems
more suitable for biodiesel than MBO and SBO.

Improving a New Method for Determination of Olive Oil and
Hazelnut Oil Mixtures. Erdal Ertas, TUBITAK, Marmara
Research Centre, Food Institute, Gebze-Kocaeli, Turkey.

There has been wide interest in the analysis of oils mixture
that has closed chemical properties. In the literature there are
well-known methods for determination of oils mixture using GC
(Gas chromatography) LC-MS techniques, HPLC, FTIR and
DNA modification. We have reported a convenient method for
determination of olive oil and hazelnut oil mixtures using
Lawesson’s reagent and phosphorous pentasulfihide.
Lawesson’s reagent and phosphorus pentasulifide changes func-
tional groups to thiol, thioketon, and ring formation. We use
these properties of reagents to apply on oils for determination of
theirs mixture. 

Erdal Ertas and Turan Ozturk, Tetrahedron Lett,., 45, 2004,
3405-3407

Pretreatment of Used Frying Oil for Biodiesel Production.
Burak Kutlu, Ozlem Atac, and Selma Turkay, Istanbul Technical
University, Chemical Engineering Dept., Istanbul, Turkey.

Deep-fat frying is one of the most popular procedures for food
preparation. Due to the thermal, oxidative, or hydrolitic reactions
occurring during frying used oil contains many degradation com-
pounds such as, cyclic monomers, dimers, polymers of
tryglicerides, partial glycerides, free fatty acids. All these degrada-
tion products are defined as polar compounds, and in most coun-
tries used frying oil assesses according to its tolar polar content
(TPC), the highest allowance value being around 20-25 %.
Discharged frying oil still contains a large proportion of valuable
compounds, and this oil is being evaluated as a cheap feedstock for
biodiesel production. Since the fuel quality of biodiesel depends on
factors that arise during and after transesterification, and on the
quality of feedstock, pretreatment processes of used frying oil are
required to obtain biodiesel to meet all specifications.

In this study two methods were used for the pretreatment of
used frying oils, which contained 18.6% and 23.8% of TPC:
Adsorption with magnesium silicate and liquid-liquid extraction
with methanols 100% and 90%. Adsorption experiments were
performed by changing the adsorbent amount, temperature and
time. Depending on these parameters considerable improvement
percentages of used frying oil were determined. It was also
determined that at high temperatures and long times, an oxida-
tion reaction of oil catalyzed by the active site of magnesium sil-
icate occurred during the adsorption as well.

After the liquid-liquid extraction experiments of used frying
oil having 5.5% FFA and 23.8% TPC with anhydride methanol
and 90% aqueous methanol, distributions of FFA and TPC in
both extract and raffinate phases were determined, and the
extracted FFA and TCP percentages were calculated.

Biodiesel and Renewable Diesel: Technologies and Market
Developments Worldwide. Lawrence D. Sullivan and Michael
Fatigati, Delta-T Corporation, 323 Alexander Lee Parkway,
Williamsburg, Virginia 23185 USA.
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Both biodiesel and the newer renewable diesel developed in
response to needed new approaches to fuel supplies based upon
carbon neutral supplies. World demand for diesel has accelerat-
ed beyond petrol and this demand, especially in the EU, US and
developing world markets, requires new processes to convert
biomass into diesel fuel analogues.

We have developed new technologies that utilize methyl
transesterification with minimum energy input as well as
reduced alkalinity. Significant cost savings can be had with these
second and third generation technologies to reduce both capital
and operating costs for plants.

Technologies and the market that we address are both
biodiesel as defined by transesterification and biomass conver-
sion as defined by thermo chemical processes. Our presentation
will address lab, pilot and full-scale implementation of these
technologies.

General Session II–Processing–Methods

Chairpersons: John Thompson, University of Waterloo,
Canada; and Feral Temelli, University of Alberta,
Canada

Bottom Line Driven Soybean Processing. Djalma Teixeira de
Lima Filho, ABC Indústria e Comércio S/A—ABC INCO,
Uberlândia—MG—Brazil.

There is currently a great concern about the actions and oper-
ational procedures for improving the financial results and mar-
gins of soybean processing and oil refining. This is particularly
important since in some parts of the world, such as in Argentina,
where the size of new plants is bringing an important scale com-
petitive advantage in comparison to some other soybean produc-
tion countries. On the other hand, related to the soybean refined
oil, in most of the markets it competes with specialty oils, which
have, besides the product quality, also nutraceutical and func-
tional appeal. From this standpoint, those are very important
issues mainly when regarding soybean oil processing, where
quality and respective operational costs are still more relevant.
The remarks below are based in practical experiences performed
during the last years in the search of margin increase, by both
minimizing operational costs and improving quality aspects that
could be perceived by the customers in the final product, thus
increasing the final prices. Those objectives are currently feasi-
ble, because the process technology is continuously evolving
and the customers are becoming more selective regarding the
quality of food products. 

For those companies which are carrying out the complete
processing cycle, starting from the crushing process on, quality
and costs concern start already in the field, through an adequate
orientation to the producers, mainly during the harvesting peri-
od, avoiding the excess of impurities and damaged grains. After
that, the processors must take care of the drying and storage
processes, which also play an important role regarding the
degummed oil conditions to be obtained, specially those related
to FFA and NHP, which have a relevant potential for both
increase in chemical costs in the refinery operation and decrease
in final product quality.

During the crushing process some steps are also very impor-
tant, because they can change the characteristics of the residual
oil in the meal and the soybean degummed oil quality. Among
those factors we could cite the flakers and crackers operation
management, the color fixation caused by high temperatures in
the crude oil final stripper or the oxidation caused by the
degummed oil storage at temperatures above 60 ºC, all of them
contributing to reduce businesses margins.

In the refinery, we perform the last steps towards the highest
quality level. It is evident that in order to reach those patterns the
technology being used is very important. It is represented by full
automation, well sized equipments, consistent vacuum systems,
accurate clay dosing systems and so on. But besides those tech-
nical aspects, some good manufacturing practices can also be
useful, not only because of their relevance but also because most
of them are quite simple and do not require neither extra invest-

ments nor deep changes in the existing process. Those practices
can be followed through detailed written procedures and period-
ical training involving operators and plant supervisors, preparing
them to keep consistently the required operation conditions and
process variables consistent.

As a conclusion, we could state that better margins in the soy-
bean processing can be obtained by process adjustments and
through the continuous care with operational details, which
require a consistent training policy for everyone involved in the
business value chain from the origination of grains till the last
processing step and product storage. Undoubtedly, this approach
will drive the margins to a better result through costs reduction
and prices repositioning, As a complementary effect, the final
product quality will also be leveraged toward the highest pat-
terns of the market, allowing the company to build a better
image perception on the consumer’s mind.

Analytical Characterization of Moringa concanensis Seed
Oil from Pakistan. Farooq Anwar1, Maleeha Manzoor1, Tahira
Iqbal1, and M.I. Bhanger2, 1Dept. of Chemistry, University of
Agriculture, Faisalabad-38040, Pakistan; 2Center of Excellence
in Analytical Chemistry, University of Sindh, Jamshoro,
Pakistan.

The present work reports the detailed characterization and
comparison of M.concanens is Nimmo seed oil from Tharparkar,
Pakistan. The hexane-extracted oil content of M. concanensis
seeds ranged from 37.56- 40.06% (average 38.82%). Protein,
fiber, moisture and ash contents were found to be 30.07, 6.00,
5.88 and 9.00% respectively. Results of some other physical and
chemical parameters of the extracted oil were as follow: iodine
value, 67.00; refractive index (40°C), 1.4648; density (24°C),
0.8660 mgmL-1; saponification value, 179.00; unsaponifiable
matter, 0.78%; color (1 in. cell), 1.90R + 19.00Y; acidity (% as
oleic acid), 0.34%. Tocopherols (α, γ, and δ) in the oil account-
ed for 72.11, 9.26 and 33.87 mg kg-1, respectively. Specific
extinctions at 232 and 270 nm were 3.17 and 0.65, respectively.
The p-anisidine and peroxide values of the oil was found to be
1.84 and 1.75 respectively. The induction periods (Rancimat,
20Lh-1, 120 °C) of the crude oil was 10.81h and reduced to 8.90h
after degumming. The M. concanensis oil was found to contain
high levels of oleic acid (up to 68.00%) followed by palmitic,
stearic, behenic, and arachidic acids up to levels of 11.04, 3.58,
3.44 and 7.09% respectively. The results of the present analyti-
cal study, compared with those for other Moringa species and
different vegetable oils, showed M.concanens to be a potentially
valuable non-conventional oil seed crop for specialty oils.

Hydrogenation Characteristics of Various Catalysts. Melih
Cizmeci, Anar Musavi, Muammer Kayahan, and Aziz Tekin,
Ankara University, Faculty of Engineering, Dept. of Food
Engineering, Ankara, Turkey.

Five different heterogeneous catalysts, Nysosel 222 (22% Ni
on SiO2), SP10 (21% Ni on Al2O3), Pd/C (5% Pd on Carbon),
Pd/A (10% Pd on Al2O3) and Ru/C (5% Ru on Carbon) were
investigated for trans isomer formation, catalytic activity and
selectivity (S21) during hydrogenation of soybean oil under con-
stant conditions (165°C, 2 bar H2 pressure and 500 rpm stirring
rate). At IV about 85, trans formation order was as SP10 > Pd/C
> Pd/A > Ru/C > N 222. No significant changes were found in
trans isomer content with increasing active metal concentration
of each catalyst. SP10 had the highest S21 values which were
lowest by using ruthenium catalyst. The strongest dependence of
S21 on active metal concentration was found for palladium cata-
lysts. It was about 2 times higher with raising the concentrations
of both Pd catalysts 4 times at about 110 IV. For nickel catalysts,
higher metal applications slightly changed S21 values while there
were no differences in selectivity for Ru/C. Catalyst activity
order was found as Pd/C > N 222 > Pd/A > Ru/C > SP10 at about
85 IV. Pd/C was determined the most active one whereas SP10
had the lowest activity but highest selectivity and isomerization. 

Physicochemical Properties of Chemically Interesterified
Olein and Stearin Fractions. A. R. Norizzah1, C. L. Chong2, C.
S. Cheow1, and O. Zaliha2, 1Faculty of Applied Sciences,

WORLD CONFERENCE AND EXHIBITION ON OILSEED AND VEGETABLE OIL UTILIZATION 13



Universiti Teknologi MARA, 40450 Shah Alam, Selangor,
Malaysia; 2Malaysian Palm Oil Board, Persiaran Institusi,
Persiaran Institusi, Bandar Baru Bangi, 43000 Selangor,
Malaysia. 

Chemically interesterified blends of refined, bleached and
deodorized palm stearin and palm kernel olein (PSPKOo) were
subjected to a single dry fractionation at 20 and 25°C. Each of
the high melting (stearin) and low melting (olein) fractions were
analysed for their fatty acid and triacylglycerol compositions,
slip melting point (SMP), iodine value, solid fat content (SFC),
thermal properties, and cloud point. Lauric, palmitic and oleic
acids were the three major fatty acids present in the original
blends as well as both the olein and stearin fractions. Results
indicated that single stage dry fractionation at 20 and 25°C of the
interesterified blends induced changes in the triacylglycerol
(TAG) composition Fractionation produced stearin fraction with
lower triunsaturated TAGs and olein fraction with higher triun-
saturated TAGs. The changes in chemical composition were also
reflected in the physical properties of the olein and stearin frac-
tions with those fractionated at 25°C having greater effects in
terms of SMP, SFC and iodine values. The solid fat content and
SMP of stearin fraction were higher, while the iodine values
were lower than their original blends. Differential scanning
calorimetry (DSC) results also indicated that fractionation
resulted in the removal of low-melting triacylglycerols
(LMTAGs) from the stearin fraction, thus increasing the end
melting temperature and the onset crystallization temperature.
On the other hand, the olein fraction had lower SMP, SFC, DSC
end melting and crystallization onset temperatures, and higher
iodine values than their parent blends. 

Qualitative Evaluation of Tallow Fractions as Compared to
Vegetable Oils. Maryam Gharachorloo and Mehrdad Ghavami,
College of Food Science and Technology, Islamic Azad
University, Science and Research Branch, Iranzamin Shomali
Ave., Sardar Jangal Blvd., Poonak, Tehran, Iran. 

The main reasons that animal fats particularly tallow have not
been consumed or produced to a large extent as compared to
other sources of oils and fats are due to their physical and or
chemical characteristics namely high saturated fatty acid con-
tent, high melting point and high cholesterol level which might
affect human health. In this research project, the fat was extract-
ed by dry rendering. The extracted fat was subjected to series of
physical and chemical tests. In order to improve the nutritional
quality of tallow, the fatty substrate was treated with different
ratios of β-cyclodextrin to lower the cholesterol level and in
order to produce different oils/fats with specific characteristics,
the substrate was subjected to series of solvent fractionation pro-
cedures employing processing temperatures of 25, 15 and 5°C. It
was concluded that cholesterol content was reduced up to 89%
employing ten percent β-cyclodextrin. The results of fractiona-
tion indicated two solid fractions isolated at 25 and 15°C, which
accounted for 12.5 percent of the total fat, one semisolid and one
liquid fractions isolated at 5°C each accounted for 13.5 and 71.5
percent of the total substrate, respectively. Fatty acid profile of
four fractions as compared to vegetable oils indicated that two
solid fractions are similar to palm kernel oil, semisolid and liq-
uid fractions are similar to cocoa butter and palm oil, respective-
ly. Therefore, the four isolated fractions which have different
physical and chemical characteristics might be employed for dif-
ferent practices such as cooking, frying and salad dressing. 

A Study of the Effect of Process Parameters on Bleaching
Earth Efficacy in Processing Olive Kernel Oil. David D.
Brooks, Brian Wright, and Roberto Berbesi, Oil-Dri Corporation
of America, USA.

The short supply of oil over the last few years has renewed
interest in processing olive kernel oil (OKO), or as it is more
commonly called, olive pomace oil for edible purposes. What
had been processed for soap, until recently is now being
processed for a higher value edible product. Processing steps
employed to make OKO edible are common to the industry;
however, information on how these operations interact to affect
OKO quality is relatively sparse compared to that of the olive oil

itself. This work reports our findings on the interactive effects
that both bleaching process parameters and oil characteristics
have on bleaching efficiency of bleaching clays in OKO quality
through deodorization. 

OKO samples obtained for this study were neutralized,
brought to minimal soaps via winterization and treatment with
Select 350 to achieve bleachable oil. Bleaching clays common to
the region were evaluated in these oils with Malbon S5 activat-
ed carbon. Each of the bleaching clays and oils was character-
ized and will be discussed. Initial work with statistical modeling
reveals that RBD red color is most affected by clay dose and car-
bon dose with minimal difference between oils. RBD Delta K
values are most affected by clay type and clay dose; independent
of carbon. 

Fortification Criteria of Vegetable Oils and Margarines with
Alpha-Tocopherol and Tocopheryl Acetate : The Regulations
on Vitamin E Labeling. Özlem Tokuşoǧlu, Celal Bayar
University, Manisa, Turkey.

Considerations beyond the methodologies employed in the
addition of micronutrients to foods influence to a large extent the
potential of food fortification to meet its nutritional objectives.
Fortification criteria and labeling of vegetable oils and their
derivatives as margarine, mayonnaise etc. with alpha-tocopherol
and alpha-tocopheryl acetate is most important. Crude vegetable
oils are a rich source of vitamin E and can result in the loss of
the vitamin E due to the refining process utilized. Vitamin E can
be fortified to refined oil as a nutrient and as an antioxidant. The
fortification with vitamin E may be important where the diet is
high in polyunsaturated fatty acids (PUFAs) due to the PUFAs
makes the products susceptible to oxidation and rancidity. As a
nutrient, it would be appropriate to fortify oil and margarine with
tocopherol at a level of 65-190 mg kg-1. Vitamin E intake is
known to be related to the total dietary intake of fat and it has
been shown to enhance absorption and bio-conversion of dietary
carotenoids to vitamin A. To achieve a fortified vegetable oils
and derivatives with the desired properties, a fortified product
should have a constant consumption pattern with a low risk of
excess consumption, have good stability during storage, have no
interaction between the fortificant and the carrier food, should be
linked to energy intake and should be relatively low in cost.
Fortificants must meet quality criteria specifications explicitly
established for each application, containing chemical stability,
appearance, flavor, bioavailability and homogeneity. 

General Session III: Frying Oils/Oil 
Stability

Chairpersons: Nurhan Dunford, Oklahoma State Univer-
sity, USA; and G. Ustun, Istanbul Technical University,
Turkey.

Adsorbent Treatment of Frying Oil: Commercial Frying
Case Study. Brian S. Cooke, The Dallas Group Specialty
Adsorbents, 1402 Fabricon Blvd., Jeffersonville, IN 47130,
USA.

Regardless of origin, virgin frying oils are non-polar in
nature. However, polar compounds are formed as these oils
degrade due to oxidation, hydrolysis, heat stress, etc. It is gener-
ally accepted that polar compounds are a reliable measure of oil
quality and correlate to the taste, appearance and nutritional
properties of fried foods. The concentration of polar materials
increases until the oil becomes unfit for use. Countries have
established legal limits or guidelines for polar materials, poly-
mers, and free fatty acids in the oil. 

Synthetic magnesium silicate has been shown to have a
strong adsorptive affinity for polar materials. In addition, it has
been shown that magnesium silicate also adsorbs deleterious
nutritional compounds from degraded oils, which have been
shown to cause conditions such as necrosis of the liver, retarded
growth, hair loss and dermatitis when fed to rats. 

The effects of daily treatment of frying oil with DALSORB®,
a magnesium silicate-based adsorbent, were observed in a com-
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mercial frying operation. The use of DALSORB® allowed for
continued frying operation with no oil discard by sharply reduc-
ing levels of free fatty acid (91%), alkaline materials (86%), col-
ors (70%), total polars (47%), polymers (20%) and anisidine
value (20%).

Resistance of Different Types of Palm Olein During Batch
Frying of French Fries. Karimah Ahmad, Malaysian Palm Oil
Board, No 6, Pesiaran Institusi, Bandar Baru Bangi, 43000
Bangi, Selangor, Malaysia.

Various types of palm olein such as standard (POo), double
fractionated (DF), special quality (SQ) and high oleic (HO) are
now available in the market for frying purposes. Frying experi-
ments were conducted simulating fast food service operations
for 5 days using these four types of olein. The objective of this
study was to compare their frying performance during batch fry-
ing of French fries. French fries were fried in the tested oleins for
3.5 mins at 180oC. The performance of the oleins were assessed
by physical and chemical tests viz. colour, smoke-point, free
fatty acid content, induction period, iodine value, polymer con-
tent and polar compounds. Initial iodine value of these oleins
ranged from 56.1 to 76.6 and their induction period varied
between 23 and 8 hrs. The colour of SQ before frying was
extremely low (1.1R) compared to other oleins. However, after
frying for 5 days, it darkened rapidly to 8.8R. The increment in
redness for HO was very obvious and its final colour on day 5
was 10.9R. Free fatty acid (FFA) of SQ was lowest (0.18%), fol-
lowed by POo (0.25%), DF (0.28%) and HO (0.37%) on day 5.
The smoke point of SQ was highest (204oC) while that of HO
was lowest (188oC) on day 5. During frying, the increase in
polymer content was moderate but for polar compounds, the pro-
file was steep and HO exhibited the highest value for both analy-
ses. The frying performance of SQ was found to be superior than
other oleins in almost all the parameters evaluated. 

Stability of Vegetable Oils Available in Iranian Markets.
Babak Ghiassi Tarzi, M. Ghavami, E. Hosseini, and A. Elhami,
College of Food Technology & Nutrition, Science & Research
Branch , Islamic Azad University, Sardar Jangal Blvd.,
Iranzamin Sjhomali Ave., Poonak, Tehran, Iran.

In this research project ten different commercial oils from the
market including sunflower, grapeseed, olive, soybean, canola,
corn, sesame and frying oils, were selected and subjected to fatty
acid analysis. Gas chromatography was used for qualitative and
quantitative determination of fatty acid methyl esters prepared.
Metrohm Rancimat an automated instrument was employed to
indicate the susceptibility of the oils to oxidation and conse-
quently determine the induction periods. It might be concluded
that in frying oils the ratio of saturated and unsaturated fatty
acids in particular the amount of polyeonic acids (Linoleic and
Linolenic) might be important factors affecting the stability.
Frying oils were found to have induction periods between 6.45
to 15.30 hours at 120°C. Oils containing higher amounts of
polyenoic acids had lower stability and induction period. Nature
of the oils and the presence of natural antioxidants were found to
be quite affective in the stability of the substrate examined in
particular olive and sesame oils. Olive oil and soybean oil were
found to have the highest induction periods which might be due
to the fatty acid composition and the presence of natural anti oxi-
dant in the former and presence of natural and added antioxi-
dants in the latter.

Storage Stability Study for Butter Spread Produced from
Enzymatic Interesterification. Hong Zhang, Charlotte
Jacobsen, Huiling Mu, and Xuebing Xu, BioCentrum-DTU,
Technical University of Denmark, Denmark.

Five fats were produced for the productions of butter spreads.
One was physical mixing (70/30, butterfat (BF)/rapeseed oil
(RO)). Three were fully enzymatic interesterified fats (70/30,
BF/RO; 70/25.5/4.5, BF/RO/fish oil (FO) adding and without
adding antioxidant). One was 70% of enzymatic interesterified
fat (50/50, BF/RO) blended with 30% of BF. All fats were
deodorized before the productions of butter spreads in a pilot
scale. Storage stabilities, such as physical, chemical properties,

and sensory evaluation were studied based on these butter
spreads including one commercial butter spread stored at 5 °C in
12 weeks. From study, it was found that butterfat content in the
blends has major effect on the properties of spread feedstock.
The change of physical properties related to the change of chem-
ical composition. During storage, the dropping points of the but-
ter spreads did not change in 12 weeks. Butter spreads produced
from fully interesterified fats had similar dropping point values
to the commercial butter spread. Butter spread made from phys-
ical blending was at least four times harder than butter spreads
made from enzymatically interesterified fats. After 12 week stor-
age, the contents of β′ for the commercial butter spread, one pro-
duced from physical mixing, and the rest interesterified products
were around 80, 70 and 60%, respectively. No sandy taste and
rancid taste were observed for all the spreads stored at 5°C in 12
week. The free fatty acid contents were constant (≤ 0.6%).
Adding antioxidant into the blends which contained fish oil
could prevent the first stage oxidation, but developed more fishy
off-flavors than butter produced from without adding antioxi-
dant. The consistency of butter produced from the physical
blending was significantly harder than the others. Butter pro-
duced from feedstock containing fish oil had the fastest melting
rate in the mouth. In general, the butter spreads produced from
interesterified fats had similar properties to the commercial
spread. 

Enhancement in the Oxidative Stability of Some Vegetable
Oils by Blending with Moringa oleifera Oil. Shahid Iqbal2,
Farooq Anwar1, Abdullah Ijaz Hussain1, and Muhammad Iqbal
Bhanger3, 1Dept. of Chemistry, University of Agriculture,
Faisalabad-38040, Pakistan; 2Dept. of Chemistry, University of
Sargodha, Sargodha-40100, Pakistan; 3Center of Excellence in
Analytical Chemistry, University of Sindh, Jamshoro-76080,
Pakistan.

Blends (20%, 40%, 60%, 80% w/w) of Moringa oleifera oil
(MOO) with sunflower oil (SFO) and soybean oil (SBO) were
prepared to evaluate the changes in fatty acid (FA) composition,
oxidative and thermal stability of SFO and SBO. The blending
of MOO with SFO and SBO at proportion of 0-80 % resulted in
the reduction of linoleic acid (C18:2) content of SFO and SBO
from 67.0 to 17.2% and 56.2 to 14.6% and increase in the con-
tent of oleic acid (C18:1) from 26.20 to 68.30% and 21.40 to
65.90%, a factor of 0.72, 0.72 and 1.27, 1.33, respectively.
Storage ability test (180 days; ambient conditions) showed an
appreciable improvement in the oxidative stability of substrate
oils with the increase of MOO concentration; as depicted by the
least oxidative alterations in PV, IV and highest increase in IP of
MOO: SBO (80: 20 w/w) blend. Each 20% addition of MOO
resulted in decrease of PV and IV by a factor of 0.84, 0.85 and
0.89, 0.88 respectively whereas, increase in IP by a factor of 1.45
and 1.37 of SFO and SBO, respectively.

The heating performance test (180oC for 42 h; 6 h heating
cycle per day), as followed by the measurement of polymer con-
tents and total polar contents (TPC), also revealed the MOO:
SBO (80: 20 w/w) blend to be the most stable. Every 20% addi-
tion of MOO in SFO and SBO resulted in the reduction of the
polymer contents and TPC of SFO and SBO by a factor of 0.91,
0.92 and 0.94, 0.94, respectively. On the basis of present find-
ings, it could be understandable that proper blending of high
linoleic oils with MOO can result in oil blends, which could
meet nutritional balance with improved stability for domestic
cooking and deep-frying.

Study of Changing Fatty Acid of Two Oils by Partially
Frying of Potato. Habibollah Mirzaei, Gorgan University of
Agriculture Science and Natural Resources, Iran.

In this study, changing at fatty acid of two oils before and
after of partially frying was evaluated, results showed that for
hydrogented fat soy cottenseed palmetic acid increase 0.86%
approximately by partially frying of potato at Temp. of oil at,
100ºc for 5 min, That from 10.72 % obtained to 11.82 % That
expectable. But stearic, Oleic acids isn’t. Chang Their changes
were 5.54 % to 5.78 % and 36.76 % to 34.81 % respectively, and
linoleic acid of solid (hydrogenated) soy – Cottenssed fat
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decrease from 4.43 % to 3.54 % by partially frying slightly, but
liquid sunflower oil decrease of palemetic, oleic acids, 0.38 %,
0.63 % respectively. Linoleic acid of above oil Change 60.76%
to 61.05% by partially frying but linolenic acid change from
0.94% to 0.63% Thus Liquid sunflower oil is suitable oil for par-
tially frying of patato because changes at unsaturated fatty acid
especially linolenic acid is very low.

Quantitative Determination of Acidity by Flow Injection
Analysis. Hüseyin Kara1, H. Filiz Ayyildiz1 Mustafa Topkafa1,
and Ali Demir2, 1Selcuk University, Faculty of Science,
Chemistry Department, Konya Turkey; 2Zade Edible Oil
Company, 2. Organize Sanayii, Konya, Turkey.

The main advantages of FIA are precision, simplicity, porta-
bility, very low cost sample throughout Official Methods for the
determination of chemical are usually titration methods that are
time- and solvent consuming and laborious. 

A flow injection analysis (FIA) system coupled with a spec-
trometric detection system using some internal standart and lig-
ands was development an a highly sensitive and reproducible
quantitative method of Fatty Free Acid in crude, bleached and
deionized oil. 

In this study, a direct determination of edible oil acidity by an
flow injection system with addition of oil that 3% FFA fully
refined vegetable oil in diethyl eter as internal standart to improve
the sensitivity and reproducibility of the analysis is proposed.
HPLC system with UV-detector, 2 ps/6pt valve, column furnace,
and reaction coil that apprepricate long for occurred reactions
between analyte and reagents was modified for FIA system.

The oil sample (250 µL) is directly injected with and without
internal standarts in the carrier system that is a n-propanol solu-
tion flowing at 2 mL/min containing 1 mM KOH and 0,01 mM
phenolphthalein. The recovery % of sample oil for FIA system
ranged between 94,2±0,4 % - 101,3±0,5 % when FFA ranged
between 0,03 - 1,10 % FFA. The squared correlation calibration
curve of FIA system with internal standart were estimated 0,955-
0,997 within the range 0,03-4,50 FFA % with respect to the cal-
culation methods. 

Thus, by the FIA system that provided satisfactory detection
limits, recovery and reproducibility sensitivity was enough suf-
ficient for the detection of a small amount of FFA in edible oils.

Poster Presentations

Chairperson: J. Perez, Pennsylvania State University,
USA.

1. The Effect of Aquatic Extract of Canola (Brassica napus
L.) on Chlorophyll Content, Nitrate Reductase and
Antioxidant Activity Enzymes of Soybean Seedling (Glycin
max L.) in Hydroponic Culture. Maryam Niakan, M. Tajari,
and M. Ghorbanli, Dept. of Biology, Islamic Azad University,
Gorgan Branch, Iran.

Canola contains allelochemicals that effect on metabolism
weeds and crop plants. In Iran after canola harvesting, soybean
germination and growth reduced. The aim of this research was to
study the effect of aquatic extract of canola (Brassica napus L.)
on chlorophyll content in cotyledon, nitrate reductase and
antioxidant activity enzymes in root , stem and leaf of soybean
seedling(Glycin max L.) in Hugland culture .The seeds of
canola(Brassica napus L.cv Hyola 401) was planted in pot and
provided aquatic extract of total plant in 5 stage. This extract was
added to Hugland culture at a 30 to 70 ratio to and catalase, per-
oxidase and nitrate reductase activity in leaf, stem and root and
chlorophyll a and b content in cotyledons in soybean
seedling(Glycin max L.cv Gorgan3) during 7 days was evaluat-
ed. The results showed that chlorophylls amounts in cotyledons
and catalase and peroxidase in root and shoot decreased in com-
parison with to control( Hugland only) in while nitrate reductase
activity reduced in leaf and in root and stem increased.

2. Comparison of Aquatic Extracts of Root and Shoot of Two
Cultivars Canola on Germination and Growth Soybean

Seedling. Maryam Niakan, S. Ansari, and M.A. Norinia, Dept.
of Biology, Islamic Azad University, Gorgan Branch, Iran.

Canola contains water-soluble substances that inhibit germi-
nation and seedling growth weed and some of the crop plants. A
little is known about the effects of aquatic extract of shoot and
root of two canola cultivar (PF, Hyola401) on germination and
growth of wheat and soybean. The aim of study was to investi-
gate the allelopathic effect shoot and root aquatic extracts of two
canola cultivars on germination and growth of wheat and soy-
bean seedling. In Iran north during 2004/2005 PF and Hyola 401
cultivars of canola (Brassica napus L.) was planted on farm . In
5 leaf stage shoots were separated from roots and dried under
room temperature and provided aquatic extracts of them and was
added to each petridishes includes soybean (Glycin max L)seed.
Our results showed that inhibition effect shoot extract two culti-
vars were more of than root. Also inhibition effect aquatic
extracts in Hyola401 was more of than PF that this different was
considerable.

3. The Effect of Different Amounts of Phosphorus on
Amounts of Chlorophyll, Sugar, Phenolic and Lipids
Compounds in Canola Leaf (Brassica napus L.). M. Niakan,
E. Faghani, H. Fahimi, Dept. of Biology, Islamic Azad
University, Gorgan Branch, Iran.

Canola has unsaturation fatty acid such as oleic acid,
linolenic acid and linoleic acid that not only have nutrient cost
but also is applling in the treatment of the diseased. One of the
fit and low in price ways in direction to quality increasing of
canola lipids is the use of the organic and in organic compounds.
The aim of the research is the effect of different amounts of
phosphorus on lipids (fatty acids), growth factors, photosynthe-
sis process (by to study on the amount of chlorophyll and sugar)
and the plant resistant (by the study on the amount of phenolic
compounds) in the canola leaf. The seeds of Brassica napus L.cv
Hyola 401 planted under plot condition. The phosphorus was
applied in the concentration of 0 (control), 0/02 ,0/2 and 2 M.
The results showed that phosphorus did not have significant
effect on growth factors in the root , stem and leaf , chlorophyll
a,b and sugar amount but effected on phenolic compounds
amount in 2 M concentration significantly.. The amounts of fatty
acids such as palmitic acid, stearic acid, linoleic acid were
decreased while the amount of oleic acid and linolenic acid were
increased in 2 M concentration.

4. Fatty Acid Composition of Commercial Tablets of
Spirulina Platensis Used as a Food Supplement. Harun
Diraman1 and Edis Koru2, 1Research Institute for Olive Culture,
35100 Bornova –Izmir, Turkey; 2Ege University Fisheries
Faculty, 35100 Bornova, Izmir, Turkey.

Inded Spirulina is a phytosyntetic, filamentous, spiral-
shaped, multicellular and green-blue microalgae.The single-
celled microalgae Spirulina species are accepted as functionally
food by medicinal authotorities since an excellent food,lacking
toxcity and having corrective properties against viral attacks,
anemia, tumor growth and malnutritional. In the present study,
the fatty acid composition of six commercial tables samples,
used as a food supplement, produced from Spirulina platensis
biomass in Turkey and one Spirulina platensis tablet sample
imported from China was determined. The fatty acid (FA) com-
position short chain fatty acids (short SFA’s C 4:0 –C 18:0), long
chain fatty acids (long SFA’s C 20:0 – C 24 :0, monounsaturated
fatty acids (MUFA’s, C 11:1,C:14:1,C 16:1 n-7 ,C 18:1 n-9, C
18:1 n-7, C 20:1 n-3), poliunsaturated fatty acids (PUFA’s, C
18:2 n -6, C 18:3 n-6 –GLA- C:18:4 n-3, C 20:0, C 20:4 n-3, C
20:5 n-3 –EPA-, C 22:5 n-3 ,and C 22:6 n-3 – DHA) of these
samples were obtained by means of a capillary gas chomato-
graphic method as a percentage of total lipid. Spirulina platensis
samples have contained the levels of short chain saturted fatty
acid (short SFA’s) and poliunsaturated fatty acid (PUFA) and the
amount of these were 32.82–66.75%, 28.20–47.78% respective-
ly. It was observed that Spirulina platensis is a rich source of γ
linoleic acid (GLA) and GLA level of samples widely ranged
from 4.07% to 22.51%. According to the analysis results, eicos-
apentaenoic acid (EPA) and docosahexaenoic acid (DHA) from
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omega 3- w fatty acid for samples were within the ranges of
1.79–7.70%, 2.28–2.88% respectively and they were found in
only two samples. The data obtained from analysis will be dis-
cussed in detail depending on literature knowledge involved.

5. The Studies on Oxidative Stability of Commercial Virgin
Olive Oils Produced by Various Extraction Systems in
Different Region of Turkey. Harun Diraman, Research Institute
for Olive Culture, Bornova, Izmir, Turkey.

In the present work, totally 50 commercial virgin olive oil
samples produced by different extraction system (33 three phase
extraction system, 3 percolation oils, 9 classsical hydraulic sys-
tem, 3 super pres and 2 foot oil) in various locations (North -
South Aegean, The Peninsula of Izmir, Manisa- Akhisar sub-
region and Gaziantep province) of Turkey during a few crop
years were examined in terms of thermal oxidative stability. The
samples were put in open and sealed 50 ml glass bottle for each
olive oil group. Oxidative stability tests for olive oils taken from
different processing systems were carried out in an dark oven at
75 °C (± 5 °C) for 7 days. Practically the peroxide value, known
to be of a great importance in respect the determination of olive
oil quality, used widely the estimation of oxidation degree in
oils. Oxidation was estimated the peroxide value of the olive oils
and was determined according to method AOCS (1989). The
results obtained from analysed related with commercial virgin
olive oils were compared with production regions in terms of
oxidative changes values. It is observed that effect of oxygen is
much more on the changes of peroxide values that of tempera-
ture. Oil oxidation rates of samples increased substantially with
temperature.In the ligth of alterations in peroxide numbers of
open virgin olive oil samples, oil extraction systems without tak-
ing into consideration according to production area from maxi-
mum to minimum the oxidative stability were generally fol-
lowed South Aegean (predominant variety: Memecik) > Izmir
Peninsula (predominant varieties: Hurma Kaba, Hurma Erkence,
Ayvalik, Gemlik) > North Aegean (predominant variety:
Ayvalik) > Manisa–Akhisar sub-region (predominant varieties:
Domat, Gemlik, Uslu ve Ayvalik) > Gaziantep province (pre-
dominant varieties: Nizip–Kilis Yaǧlik. The oxidation rates of
sealed virgin olive oil samples, according to locations were fol-
lowed Izmir Peninsula > Manisa–Akhisar sub-region > South
Aegean North Aegean) > Gaziantep province. In spite of high
temperature and time in oven, peroxide values of some samples
in sealed bottles decreased contrary to expectations. It was
observed that the oil obtanined from pure Uslu variety has the
most lowest oxidative stability according to other domestic olive
varieties oils. It can be inferred from the alteration results of per-
oxide values of virgin olive oil samples that the growing area of
olive (variety and geographycal origin) is generally more effect
on the oxidative stability of oils rather than oil extraction sys-
tems. 

6. An Investigation on Total Chlorophyll and Pheophytin a
Contents of Turkish Commercial Virgin Olive Oils Produced
by Means of Different Systems During Three Harvest Years.
Harun Diraman, Research Institute for Olive Culture, Bornova,
Izmir, Turkey.

In this investigation , forty-five commercial virgin olive oil
samples produced by means of different systems (classical, cen-
trifugal and percolation methods) were collected from various
olive culture districts of Turkey (Aegean region, Mediterranean
region and South East Anatolia region) during different three
harvest (2001 -2003) years.Total chlorophyll and pheophytin ·
contents of oil samples were spectrophotometrically analysed at
630, 670 and 710 nm. Total chlorophyll content of all samples
varied widely from 0.24 to 10.92 mg / kg. The levels of pheo-
phytin ·, the main pigment in all the oils, were found between
1.87 and 36.36 mg / kg. In accordance with the extraction sys-
tems of olive oil, amounts of total chlorophylls of analysed sam-
ples for centrifugal systems, sinolea, classical hydraulic system,
super press and foot oil method were within ranges of 0.72 –8.78
mg/kg (average 3.49) , 0.28 – 1.61 mg/kg (average 1.12), 0.76 –
10.92 mg/kg (average 4.10), 1.28 – 5.33 (average 2.93), 0.24 –
1.16 mg/kg (average 0.7) respectively. Also the color scala val-

ues of samples altered between 2 -1 and 4 -1. The results
obtained from analysis were discussed in detail. 

7. A Survey on cis-trans Isomers and Conjugated Linoleic
Acid (CLA) Levels of Fatty Acids in Some Heat-Treated
Vegetable Edible Oils and Animal Fats. Harun Diraman,
Research Institute for Olive Culture, Bornova, Izmir, Turkey.

Frying technique is a traditional part of Turkish Cookery. It is
known that isomers of trans-fatty acids in oils may be occurred
in the course of frying. In the present work, cis-trans isomers
levels of fatty acids in various vegetable edible oils (mixed oils,
virgin olive oil, refined olive oil, sunflower oil, corn oil) and
some animal fats (Turkish Doner Kabap, fried chicken)
microwave applied (at 700 Watt for 15 min.) and fried under the
usual domestic practice (pan frying or deep-frying at 170 –180
C o for 15 –20 min.) were analysed by means of gas chromato-
graphic capillary column method. All samples collected from
various houses and restaurants in Izmir- Turkey. With respect to
the analysis results, total levels of trans-fatty acid isomers (C 16:1
t , C 18:1 t and C 18:2 t + C 18:3 t) and Conjugated Linoleic Acid
(CLA) for all oils and fats samples were within the ranges of
0.13–4.41 % and 0.01 - 0.54 respectively. The highest levels of
elaidic acid of analyzed vegetable oil and animal fat samples
were found as 1.36% in corn oil sample and 2.78 % in Turkish
Doner Kabap produced with turkey meat respectively. In addi-
tion, The highest level of elaidic acid for MW-applied samples
was determined as 0.28 % in olive oil sample. As an extra result
of heat treatement in the most of samples were observed the for-
mation of short-chain fatty acid, namely heptonate and
octaonate. The heptanoic acid levels (C:14) of all samples were
ranged from 0.01 % to 4.55 % and the highest level was found
in Turkish Doner Kabap made from turkey meat as 4.55 %.The
results obtained from analysis were discussed in detail. 

8. Fatty Epoxides Produced with Industrial Biotechnology.
Ulrika Törnvall, Dietlind Adlercreutz, and Rajni Hatti-Kaul,
Dept. of Biotechnology, Center for Chemistry & Chemical
Engineering, Lund University, Box 124, SE-221 00 Lund,
Sweden.

Immobilized lipase from Candida antarctica has been used
for the synthesis of fatty epoxides. Fatty epoxides find use in
several industrial applications such as cross linkers in surface
coatings, diluents in paints, PVC stabilizers, production of sur-
factants, etc.

Epoxidation of oleic acid, methyl oleate and rapeseed methyl
ester was performed under solvent-free conditions by chemo-
enzymatic process using Novozym 435 and hydrogen peroxide.
Increase in reaction temperature was necessary for epoxidation
of oleic acid to avoid the accumulation of solid epoxystearic acid
product. Nearly 90% conversion of oleic acid to the epoxide
product was obtained after 6 h at 50°C. Longer reaction times at
40°C and above resulted in by-product formation shown to be a
dimer of epoxystearic acid by LCMS/MS. In contrast, the reac-
tion with methyl ester of the fatty acid was less influenced by
temperature. Almost complete epoxidation was achieved at
40–60°C; the higher the temperature the shorter was the reaction
time. A process for epoxidation of rapeseed methylester was set
up. Stability of the lipase was negatively influenced by the use
of high concentration of hydrogen peroxide at high tempera-
tures.

9. Tocopherol and Sesamol Content of Turkish Sesame Oil.
M. Kemal Ünal and Gülbin Bozkurt, Ege University, Dept. of
Food Engineering, Bornova, Izmir, Turkey.

Sesame oil is highly resistant to oxidative deterioration due
to antioxidative compounds such as tocopherols and sesamol.
Turkish sesame seed oils were analyzed for their tocopherol and
sesamol content. Sesame seed oils were extracted according to
cold extraction method and the antioxidative compounds were
analysed with High Performance Liquid Chromatography.

Tocopherol and sesamol content of sesame oil are quantitat-
ed based upon their peak areas and standard calibration curves of
tocopherols and sesamol. The tocopherol content of sesame seed
oil samples were found as follow;426,1 – 751,1 mg/ kg for total
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tocopherol, 412,8 – 737,9 mg/kg for gamma tocopherol, 8,6 –
29,7 mg/ kg for delta and 3,4 – 8,9 mg/ kg for alfa tocopherol.
beta-tocopherol couldn’t be detected in sesame oil samples.
Percentages of the tocopherols in sesame oil samples ranged for;
gamma tocopherol, alfa tocopherol and delta tocopherol as 93,9
- 98.3 %, 0,6 – 1,3 % and 1,1 – 4,5 %, respectively. In Sesame
seed oil samples the amount of sesamol was determined as 7,4 –
38,1 mg/ kg. 

10. Estimation of Genetic Variance Components and
Heritability in Sunflower Single Cross Hybrids Using North
Carolina Design I. Hossein Zeinalzadeh Tabrizi1, Hassan
Monirifar2, Varahram Rashidi3, Mehdi Ghaffari4, 1Young
Researchers Club, Islamic Azad University, Tabriz Branch,
No.37, Imam Khomeini Ave., Khoy, West Azerbaijan, Iran
58166-58461, Iran; 2East Azerbaijan Agricultural and Natural
Resources Research Center, 3Islamic Azad University, Tabriz
Branch, Iran; 4West Azerbaijan Agricultural and Natural
Resources Research Center, Iran.

Estimation of genetic variance components and heritability
and have knowledge about genetic diversity of evaluated materi-
als are one of the important pre-breeding activities in breeding
field crops. In order to estimation of genetic variance components
and heritability in sunflower single cross hybrids, 18 CMS lines
crossed with 6 restorer lines at Agricultural and Natural
Resources Research Station of Khoy in 2004 (Each male crossed
with 3 different females to make 2 sets with 9 individuals). Single
cross F1 hybrids were planted in 2005 for estimating genetic vari-
ance components using North Carolina Design I in terms of ran-
domized complete block design with 3 replications. Data were
collected for phenological and morphological traits, yield and
yield components during growing season. The results showed
that gene action for 1000 seed weight and number of seeds per
head were partial dominance (a⎯ < 1), for oil yield complete dom-
inance (a⎯ = 1) and for others were over dominance (a⎯ > 1). The
minimum and maximum narrow sense heritability were calculat-
ed (h2

na.=8.69) for plant height and (h2
na.=61.91) for number of

seeds per head, respectively. Low narrow sense heritabilities of
most traits, including seed yield indicated that hybridization and
production of hybrid cultivars for improvement of higher yield-
ing cultivars with desirable characteristics is unavoidable.
Furthermore, diversify to existent primary populations can led to
increase heritability in next estimates via increasing the selection
efficiency. Introducing new genetic resources including new open
pollinated cultivars as a source of extraction of new inbred lines
can increase selection efficiency. In such condition and with these
materials, it seems that production of hybrid cultivars is the best
way to improvement sunflower superior cultivars.

11. Compatibility Study of Palm Oil Products with Cocoa
Butter: Physico-chemical Properties. O. Zaliha1, A.R.
Norizzah2 and C.L. Chong1*, 1Malaysian Palm Oil Board
(MPOB), No. 6 Persiaran Institusi, Bandar Baru Bangi, 43000
Kajang, Selangor. Malaysia; 2Faculty of Applied Sciences,
Universiti Teknologi MARA, 40450 Shah Alam, Selangor.
Malaysia.

Physico-chemical and rheological properties of binary blends
of palm oil products with deodorised cocoa butter (DCB, IV
32.7) from 10 to 90% (w/w) were evaluated. Cocoa butter equa-
valent (CBE, IV 32.4) showed full compatibility with DCB at all
concentrations and crystallised to form a strong β in a mixture of
(β + β′) polymorphic form. The solid fat content (SFC) and slip
melting point (SMP) results showed that the addition of above
20% palm-mid fraction (PMF, IV 41) and cocoa butter substitute
(CBS, IV 0.3) with DCB showed eutectic effects and crystallised
to form a strong β′ in a (β + β′) mixture. This is due to the high-
er amount of C12:0 and C16:0 in the blends containing CBS and
PMF respectively. The DSC melting thermograms of CBE and
DCB blends showed a single melting peak at ± 19.5°C. Two
prominent melting peaks were observed with up to 20% of both
PMF and CBS added in the blends. 

12. Effects of Reaction Parameters on Hydrogenation. Anar
Musavi, Melih Cizmeci, Aziz Tekin, and Muammer Kayahan,

Ankara University, Faculty of Engineering, Dept. of Food
Engineering, Ankara, Turkey.

Effects of hydrogenation conditions (temperature, hydrogen
pressure, stirring rate) on trans fatty acid (TFA) formation, melt-
ing behaviors and selectivity were investigated. For this aim,
soybean oil was hydrogenated under various conditions and fatty
acid composition, trans-isomer formation, slip melting point
(SMP), solid fat content (SFC) and iodine number (IV) of the
samples withdrawn at certain intervals of the reactions were
monitored. Constant ratio (0.03%) of Nysosel 222 was used in
the various combinations of temperature (150, 165 and 180 °C),
stirring rate (500, 750 and 1000 rpm) and hydrogen pressure (1,
2 and 3 bar). Raising the temperature increased the formation of
isomer fatty acids, whereas higher stirring rates decreased this
formation, while changes in hydrogen pressure had no effect or
slightly reduced it depending upon other parameters. Results
also indicated that TFA ratio increased with IV reduction,
reached to the highest when IV was about 70 and reduced after
70 of IV due to saturation. Selectivity values (S21) at that point
had a range between 5.78 and 11.59. Lower temperatures and
higher stirring rates decreased not only trans-isomer content but
S21 values at important levels. However, same effects weren’t
observed with the changes in hydrogen pressures. Besides,
changing the reaction parameters produced the samples having
same melting points but different fatty acid compositions and
iodine numbers. 

13. Effect of DSC Cooling Rate on Crystallisation of Palm
Stearin. Chiew Let Chong, and Omar Zaliha, Malaysian Palm
Oil Board, P.O. Box 10620, 50720 Kuala Lumpur, Malaysia.

An understanding of the crystallisation of palm stearin (Ps
would be very useful in understanding the crystallisation of bulk
palm oil during the fractionation process. This will yield infor-
mation on the crystallisation process which could be utilise to
optimise the fractionation process.

Coupled X-ray diffraction differential scanning calorimetry
measurements were carried out on palm stearin on a coupled
technique XRD-DSC equipment in order to study the crystallis-
tion behaviour of palm stearin and the effect of cooling and heat-
ing rates on its crystallisation. DSC cooling and heating rates
from 1°C/min to 5°C/min were used in the study. The DSC was
coupled to a Rigaku TTRAX III X-Ray diffractometer for simul-
taneous DSC and X-ray diffraction measurement using a scintil-
lation detector.

For the 1°C cooling and heating run, upon cooling, palm
stearin first crystallised in the α-form. This α-form is than rap-
idly transformed into the β’ form. Upon further cooling, some of
the β’-form is transformed to the β-form. Upon heating, this
mixture of β’-and β-polymorphs is maintained until close to the
melting point of the stearin. Near the melting point of the stearin,
the β’-crystals are totally converted to β-crystals before com-
plete melting of the crystals occurs.

For higher cooling and melting heating rates, it was observed
that, in general, the trend of polymorphic transformation
observed is the same as that for the 1°C cooling and heating rate
run. However, some of the smaller or weaker peaks associated
with the β-crystals were observed to be less well developed as a
result of the faster rates applied. This implies that the transitions
were not given sufficient time to come to equilibrium, even at
the relatively slow rate of 2°C/min. Hence it can be safely be
concluded that for equilibrium crystallisation studies a rate of
1°C/min or less must be used in order for the crystallisation tran-
sitions to attain equilibrium for the measurement..

14. Oil and Seed Characteristics of Selected Corn Cultivars
Grown in Turkey. Orhan Daglioglu, Umit Gecgel, and Murat
Tasan, Tekirdag Agricultural Faculty, Trakya University,
Department of Food Engineering, Tekirdag 59030, Turkey.

This study covers the oil and seed characteristics of a large
group of corn cultivars which were grown in Turkey. Totally
twenty five corn cultivars were analyzed to determine some
physical and chemical properties. Hectoliter, 1000 thousand ker-
nel weight, moisture, total starch, crude protein, crude oil and
fatty acid compositions of the samples were determined. Total
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fatty acids were extracted, methylesterified and analyzed by gas-
liquid chromatography (GLC). The major fatty acids of the cul-
tivars showed a great deal of diversity (P<0.01). The major fatty
acids were linoleic and oleic acids, whose contents were in the
ranges 38.97-64.43% and 19.79-38.58%, respectively. Palmitic
and stearic acids were the main saturated fatty acids (9.00-
18.70% and 1.51-3.46%). All of the cultivars contained linolenic
acid, with values ranging from 0.78 to 1.84% (P<0.01). Very
small amounts of C14:0, C16:1, C17:0, C17:1, C20:0, C20:1, C22:0,
C22:1 and C24:0 have been determined (<1%). Cultivars differed
significantly (P<0.01) for hectoliter, 1000 thousand kernel
weight, moisture, crude protein and crude oil values except for
total starch. The crude oil ratios of the cultivars which sourced
mainly from the germ were varied from 4.66 to 7.45% of the dry
weight of whole kernel. The major chemical component of the
cultivars was starch, which ranged from 70.85 to 72.22%, and
the next largest chemical component of the cultivars was protein,
which ranged from 7.90-11.97% as dry basis. Hectoliter, 1000
thousand kernel weight, and moisture contents were in the
ranges 56-74 kg/hl, 207.53-526.50 g, and 13.01-20.98%, respec-
tively.

15. Lipase-Catalysed Structured Lipid Production from
Hazelnut Oil and Conjugated Linoleic Acid and
Optimization by RSM. Beraat Özçelik, Nurcan Bakir, and
Derya Kahveci, Istanbul Technical University, 34469, Istanbul,
Turkey.

Hazelnut oil, which is traditionally used in Turkey, has a
number of properties affecting consumers’ health positively. Its
fatty acid composition with very low saturated fatty acids pre-
vents cardiovascular diseases; reduces blood cholesterol level
and thus, prevents atherosclerosis. Besides, by the activities of
antioxidant phenolic compounds, hazelnut oil reduces the risk of
cancer and obesity. It includes considerable amounts of Vitamin
E, B, and some minerals. Conjugated linoleic acid (CLA) is
known to have a lot of positive effects on cardiovascular dis-
eases, cancer, diabetes, and immune system. In this study,
enrichment of hazelnut oil with CLA by using lipase to develop
a functional structured lipid is aimed. The effects of temperature,
time, and substrate molar ratio on incorporation reaction are
investigated as well. A 1,3-specific lipase, Lipozym TL IM, is
used as the biocatalyst. A central composite design with three
factors (temperature, time, substrate molar ratio) and five levels
is used to model and optimize the reaction conditions by using
response surface methodology (RSM). The fatty acid profile of
the product is found to be different from that of unmodified
hazelnut oil. The optimal conditions generated from the model
are 40-60oC for temperature, 15-30 hours for reaction period,
and 3,5:1-5:1 for substrate molar ratio (hazelnut oil : CLA, mole
: mole). The most CLA incorporation, %49,42, was obtained
with the conditions 45oC, 6 h, and 4:1 for temperature, reaction
time, and substrate molar ratio respectively. CLA enriched hazel-
nut oil can be used in many nutraceuticals and functional foods
for protecting cardiovascular diseases, cancer, etc.

16. Emulsifying Properties of Grape Seed Flour. Ebru
Firatligil-Durmufl and Özgül Evranuz, Istanbul Technical
University Food Engineering Dept., Istanbul, Turkey.

There is a growing interest in the utilization of plant proteins
in the formulation of new food products or in conventional
foods. However, successful application of plant protein in food
formulation depends largely on the functional properties of the
protein. Potential functional benefits include emulsification,
foam formation, gelation, and binding of fat or water.
Emulsifying properties are important functionality traits related
to the protein used in food products. Emulsifying capacity and
emulsion stability are usually used to investigate the emulsifying
properties of proteins in food emulsion systems. Various factors
and conditions affect emulsifying properties of proteins includ-
ing source of protein, protein concentration, pH, solubility, tem-
perature, equipment and the method used to produce the emul-
sion.

Grape (Vitis vinifera) is one of the world’s largest fruit crops
and grape seed is a complex matrix containing approximately

40% fiber, 16% oil, 11% proteins, and 7% complex phenols, in
addition to sugars, minerals, salts, etc. Grape pomace accounts
for as much as 20% of the weight of grape processed into wine
and juice (4, 5).

In this study, defatted flour from grape seed was prepared.
The emulsifying properties were monitored in relation to influ-
ence of pH and concentration. It is hoped that the data will pro-
vide information on utilizing grape seed flour in various food
applications.

17. A New Feedstock for Biodiesel Production: Tea Seed Oil.
Ozge Kurt, Sumru Aziz, and Selma Turkay, Istanbul Technical
University, Chemical Engineering Dept., Istanbul, Turkey.

The tea plant (Camellia sinensis, Theaceae) which is a peren-
nial plant, produces large oily seeds as by-product. In some
countries, such as China, Japan and India where tea seed is abun-
dantly available, thousands of tons of tea seed oils have been
produced annually for the use as edible oil. Some farmers in
China and Japan plant C. Japonica, C. Sasanqua, and C.
Oleifera primarily for the edible oils they yield. Camellia or tea
seed oil is a high quality cooking oil with a unique flavor and
taste, and good storage stability. It has a high oleic acid and low
polyunsaturated acid contents and also a good phenol content.
Since it has a good fatty acid profile and high oxidation stabili-
ty, tea seed oil may be considered as an ideal raw material for
biodiesel production. The aim of this study was to evaluate the
tea seed oil as a feedstock for the biodiesel production for the
first time.

Tea seeds produced in the Black Sea Region of Turkey were
used in the experiments. Some physical and chemical character-
istics of both the seeds and the oil obtained by hexane extraction
were determined. The oil content of the seeds was found as
23.1%, and the fatty acid composition of the oil was determined
as C 16:0 : 15.6%, C18:0 : 1.7%, C 18:1 : 58.7%, C18:2 : 22.5%,
C18:3 : 0.5%, C20:0 : 1.1%. The iodine value of the oil was cal-
culated as 94.9. The oxidation stability was 14.6h at 110C deter-
mined by the Rancimat Method. The biodiesel samples were
produced using tea seed oil, tea seed oil and sunflower seed oil
mixture (1:1 by weight) and sunflower seed oil as feedstocks
under same conditions, and the properties of the three biodiesel
samples were compared. According to the results obtained, tea
seed oil is a very suitable feedstock for biodiesel production,
especially from the stand point of its high oxidation stability.
Mixing the sunflower oil with tea seed oil adjusts the iodine
value of the biodiesel as well as the oxidation stability because
tea seed oil acts as a natural antioxidant.

18. Enzyme-Assisted Aqueous Processing as the Front-end to
a Soybean Biorefinery. B.P. Lamsal1 and L.A. Johnson2, 1Dept.
of Food Science and Human Nutrition, Iowa State University,
2312 Food Sciences Bldg., Ames, IA 50011, USA; 2Center for
Crops Utilization Research, Iowa State University, Dept. of
Food Science and Human Nutrition, 1041 Food Sciences Bldg.,
Ames, IA 50011, USA.

A soybean biorefinery envisions processing of soybeans for
food, feed, biomaterial, and bioenergy similar to the wet corn
milling. Enzyme-assisted aqueous extraction processing (EAEP)
of soybeans holds promises as the front-end to such a biorefin-
ery. Aqueous extraction processing (AEP) using water as extrac-
tion medium has potential advantages including low initial cap-
ital costs, safer technology than hexane extraction, and facili-
tates value-added co-products. Many challenges, however, must
be overcome including rupture of oil-bearing cells, disruption of
oleosin proteins that stabilize oil in the seed matrix, efficient sep-
aration of emulsified oil and demulsification of the oil-bearing
cream. Extrusion was found to be a key to EAEP of full-fat soy
flakes with 0.5% w/w Multifect Neutral (MN), an endo-protease,
resulting in extraction of 88 and 77% of total oil and protein,
respectively. Protease treatment was effective in releasing bound
oil by hydrolyzing denatured protein enhancing the oil yield.
Extrusion also increased oil droplet size in the cream fraction,
which favors coalescence of freed oil. Physical and enzymatic
methods were employed to break the EAEP creams collected
after a separatory funnel procedure. Free oil recovery for freeze-
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thaw cycle, Agent A, and Agent B were 86, 68, and 73% of the
total oil, respectively. Process economics will favor Agents A
and B over the freeze-thaw option. Substantial oil extraction and
free oil recovery is possible with EAEP of soybeans.

19. Synthesis and Properties of Surfactants Based on Methyl
Oleate and Glycerol. Kenneth M. Doll and Sevim Z. Erhan*,
Food and Industrial Oil Research Unit, National Center for
Agricultural Utilization Research, United States Department of
Agriculture, Agricultural Research Service, 1815 N. University
St., Peoria, Il 61604, USA.

We have synthesized a series of surfactants based on epoxi-
dized methyl oleate and glycerol. Our synthesis allows us to
make products which contain between 2 and 7 glyceride units,
giving calculated HLBs between 7 and 13. The surfactants have
been characterized by their ability to reduce aqueous surface ten-
sion and stabilize soybean oil in water emulsions. They can
reduce surface tension down to ~ 34 mN m-1 without reaching a
critical micelle concentration. They stabilize soybean oil
droplets of ~ 40 um in a 1% soybean oil in water emulsion.
These performance characteristics are similar to large alcohol or
ester ethoxylates. Furthermore, because they still contain the
epoxide functionality, our surfactants should be able to undergo
further chemical modification to attain a wide range of proper-
ties. These surfactants show promise as potential bio-based
replacements for some non-ionic surfactants of petrochemical
origin.

20. Modification of Tripalmitin by Enzymatic Acidolysis:
Optimization by Response Surface Methodology. Sevil
Ozgul-Yucel, Rasit Dagi, Ayse Aksoy, and Guldem Ustun, 
Istanbul Technical University, Chemical Engineering
Department, Maslak, 34469, Istanbul,Turkey

Structured lipids (SL) are triacyglycerols (TAG) containing
particular groups of fatty acids in which each group of fatty acids
is located at the sn-2 or sn-1, 3 positions of glycerol backbone.
SL which contain short-chain (SCFA) and/or medium chain
(MCFA) fatty acids at the 1- and 3- positions have become more
attractive in food industry. SCFA and/or MCFA are quickly oxi-
dized in the liver as readily available and are not deposited in
adipose tissues. Because of this metabolic characteristic, these
SL are utilized as reduced-calorie lipids. 

Our objective was to prepare reduced-calorie SL from tri-
palmitin (TP) by acidolysis with lauric acid (LA) using 1, 3-
regiospesific lipase and optimize LA incorporation into TP by
response surface methodology (RSM). Acidolysis reactions were
conducted using 0.7 g of substrates, Lipozyme IM (Mucor
miehei) and 5 mL n-hexane in an orbital shaker at 50°C.
Reaction products consisted of TAG and free fatty acids (FFA)
were titrated against a 0.02 M NaOH to separate the TAG from
FFA. Fatty acid compositions of TAG were determined by gas
chromatography. A there-factor and three level face-centered
cube design requiring 17 experiments with three center points
(0,0,0) was adopted in this study. Approximate conditions for TP
acidolysis were determined by varying one independent variable
at a time while keeping the others constant. Design points select-
ed and coded for optimization were enzyme amount (3-15%
based on substrate weight), TP/LA molar ratio (1:4-1:6) and the
reaction time (4-8 h). Based on RSM maximum LA content was
48.7%. Critical synthesis conditions were: reaction time 6.2 h,
enzyme amount 10.5%, and 1/4.3 TP/LA molar ratio. 

21. Concentration of Linolenic Acid from Flaxseed Oil by
Urea Complexation: Optimization of Reaction Conditions.
Leyla Kent and Guldem Ustun, Istanbul Technical University,
Chemical Engineering Department, 34469 Maslak, Istanbul,
Turkey.

Flaxseed oil is the highest plant source of alpha-linolenic acid
(ALA), an omega-3 polyunsaturated fatty acid scientifically and
medically documented health benefits. ALA is converted to EPA
(eicosapentaenoic acid) and DHA (docosahexaenoic acid) which
are essential in the development of the brain and retinal tissues
of infants. Recently it has been shown that the dietary ALA sup-
plementation has positive health effects independent of its con-

version to EPA and DHA. These include attenuation of coronary
heart disease risk factors (hypertension, hyperlipidemia, platelet
aggregation, glucose tolerance); modulation of eicosanoid syn-
thesis (cellular immune system, dermal integrity) and tumorici-
dal activity (cancer, immune system). ALA consumption is par-
ticularly important in the diets of individuals who do not con-
sume animal sources of EPA and DHA. 

The simplest and most efficient technique for obtaining
polyunsaturated fatty acid concentrates is urea complexation. In
this study, urea complexation of flaxseed oil was carried out to
produce a ALA concentrate. Flaxseed fatty acids, containing
44.6 % ALA were treated with urea in 95% aqueous ethanol at
different fatty acid-to-urea (w/w) and fatty acid-to-ethanol (v/w)
ratios. The ratio of fatty acid:urea was changed 1:1.5-1:3. The
ratio of fatty acid:ethanol (v/w) was varied 1:7.5-1:20. The reac-
tion mixtures were allowed to crystallize at +4 ºC for varying
time periods (8, 16 and 24 h). The highest ALA content (64.5%)
was achieved with a fatty acid:urea ratio of 1:2, a fatty
acid:ethanol ratio of 1:17, and crystallization time of 8 h. The
ALA concentrate produced in this study could be used as ALA
supplement. 

22. Some Physical and Chemical Changes Occurred During
Production of Biodiesel from Soybean Oil. Semra Turan and
Ismail Hakki Boyaci, Hacettepe University, Food Engineering
Dept., Beytepe, TR06800, Ankara. Turkey.

Vegetable oils and their methyl esters are alternative fuels for
diesel engines. Recently biodiesel has been gaining more and
more importance due to the depleting fossil fuel resources. In
this study, some changes occurred during the production of fatty
acid methyl esters from soybean oil has been studied. The trans-
esterification process was carried out in a double jacket, 200 ml
capacity glass reactor, under nitrogen, while stirring. The pro-
cessing conditions were as follows; reaction temperature 65 °C,
the molar ratio of methyl alcohol to glycerides 9/1, KOH content
1% (w/w). The reaction was performed in 2, 3, 5, 10, 15, 20, 25,
30, 40, 50, 60, 90, 120 and 180 minutes. At the end of the each
reaction, HCl was added to neutralize the catalyst. Residual
methanol was removed by using rotary evaporator. The solution
was centrifuged at 5000 rpm for the separation of glycerol and
the recovered methyl ester phase was used in analyses.
Quantitative analysis of methyl esters (ME), free fatty acids
(FFA), monoglycerides (MG), diglycerides (DG) and triglyc-
erides (TG) was performed in gas chromatography. While the
content of ME increased from beginning to the end of the reac-
tion, the content of FFA, MG, DG and TG decreased. Fatty acid
composition of methyl esters of biodiesel was similar that of the
soybean oil. Biodiesel contained 11.19 %, 4.24 %, 24.33 %,
54.36 % and 5.89 % palmitic, stearic, oleic, linoleic and
linolenic acid ME, respectively. No significant difference (p>
0.05) was observed in fatty acid composition of biodiesel
obtained from different reaction time. After 2 minutes reaction
kinematic viscosity of soybean oil decreased rapidly and then
remained constant. Thus, it can be concluded that the transester-
ification reaction was very rapid and after 2 minutes of reaction
most of the triglycerides in soybean oil converted to fatty acid
ME.

23. Production of Antibacterial Agents from Korean Pine
Seed Oil by Pseudomonas aeruginosa. Deuk-Soo Kim1, Min-
Jung Suh1, Jae-Han Bae1, Jong-Sang Kim1, In-Jung Lee2, and
Hak-Ryul Kim1, 1Dept. of Animal Science and Biotechnology,
Kyungpook National University, Daegu, Korea; 2Division of
Plant Biosciences, Kyungpook National University, Daegu,
Korea. 

Hydroxy fatty acids are known to have special properties
such as higher viscosity and reactivity compared with normal
fatty acids because of hydroxyl groups attached to the fatty acid
backbone. A bacterial isolate, Pseudomonas aeruginosa PR3,
converted oleic acid to 7,10-dihydroxy-8(E)-octadecenoic
acid(DOD) and linoleic acid to combination of 9,12,13-trihy-
droxy-10(E)-octadecenoic acid(9,12,13-THOD) and 9,10,13-tri-
hydroxy-11(E)-octadecenoic acid (9,10,13-THOD). These
hydroxy fatty acids have gained special attention because they
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have anti-fungal activities. The Korean pine, Pinus koraiensis
Sieb. et Zucc., of which seed contains highly unsaturated fatty
acids such as oleic acid(18:1) and linoleic acid(18:2) over 80%
in crude seed oil. In this study we tried to use pine seed oil as
new substrate for the production of hydroxy lipids by PR3. The
products were purified and figured out of their chemical struc-
tures using chromatographic column, thin layer chromatogra-
phy(TLC), and GC/MS. DOD and THOD were confirmed as
major hydroxy fatty acid products by gas chromatography(GC)
and GC/MS. Optimal culture conditions including nutritional
sources for their production were investigated. In addition to,
those products contained strong antibacterial activities against
several pathogenic bacterial strains, which were determined by
disk diffusion assay and minimum inhibitory concentration
(MIC). 

24. Vegetable Oil Based Grease: Preparation and
Characterization. Brajendra K. Sharma1,2, Joseph M. Perez1,2,
and Sevim Z. Erhan2, 1Dept of Chemical Engineering,
Pennsylvania State University, USA; 2USDA, NCAUR, ARS,
1815 N. University Street, Peoria IL 61604, USA
USA.

Vegetable oils have significant potential as replacement for
petroleum base oils in grease formulations. The advantages of
using products based on seed oils are their eco-friendly and non-
toxic nature. Grease is a semi-solid colloidal dispersion of a
thickener in a liquid lubricant matrix. This work focuses on the
development of vegetable oil-based lithium grease using a vari-
ety of fatty acid components to obtain the thickener (metal soap)
structure. The development work involves preparation methods,
optimization of thickener components, and antioxidant additive
for making vegetable oil-based lithium grease. Vegetable oil
based greases with Li-fatty acid thickener having C12 to C18
chain lengths and different metal to fatty acid ratios were synthe-
sized. It has been observed that the physical and chemical prop-
erties of grease are largely based on the soap thickener fiber
micro-structure. Results also indicate that Li-thickener composi-
tion, fatty acid types and base oil content significantly affect
grease hardness and oxidation stability. A transmission electron
microscope methodology was used to study the nature and struc-
ture of soap dispersoid in grease matrix. Oxidation and friction-
wear studies were designed and the data obtained show excellent
anti wear/friction and oxidation properties of vegetable oil based
greases.

25. Fuel Properties of Cotton Seed Oil Originated Biodiesel
by the Alcoholysis with Immobilized Candida Antarctica
Lipase. Melek Tüter, Öznur Köse, and Filiz Karaosmano€lu,
Istanbul Technical University, Dept. of Chemical Engineering,
Maslak 34469, Istanbul, Turkey.

Biodiesel is one of the environmentally friendly alternative
liquid biofuels, which has proven itself commercially with inter-
national standards all around the world. Industrial and scientific
studies on lowering biodiesel production cost are one of the
major contributions, which strengthen the position of biodiesel,
commercially. The type of the vegetable oil used for biodiesel
production is the most effective parameter on biodiesel produc-
tion cost. Biodiesel is recently produced by chemical catalysts
like alkali hydroxides, alcoholates, and acids. A disadvantage of
both alkali and acid catalyzed alcoholysis of vegetable oils is
that catalysts are removed with glycerol and cannot be reused. In
recent years lipase catalyzed alcoholysis of vegetable oils has
become more important, because of the high energy cost of the
additional glycerol purification step of chemical alcoholysis
process. Cotton seed oil is one of the major vegetable oils of
Turkey. In this study, the fuel properties of cotton seed oil origi-
nated biodiesel obtained by alcoholysis of refined cotton seed oil
catalyzed by Candida Antarctica lipase. Alcoholysis of oil with
methanol was conducted by immobilized Candida antarctica
lipase as catalyst in a solvent-free medium to obtain biodiesel.
The reaction conditions were as follows: 30% enzyme based on
oil weight; oil/ alcohol molar ratio 1:4; temperature: 50 °C and
the reaction time: 7h. Characteristics of the biodiesel were test-
ed according to EN 14214.

26. Thermal Oxidation Kinetics of Vegetable Oils. Fahri
Yemişçioǧlu, Ismail Eren, Aytac Saygin Gumuskesen, and
Hatice Duzakar, Ege University, Food Engineering Dept.,
Bornova Izmir, Turkey.

Vegetable oils contain unsaturated double bonds which are
sensitive to the attack of atmospheric oxygen. Under accelerated
temperature; oxygen reacts at higher rates with these unsaturated
bonds to form numerous oxidation products. Although the reac-
tion simply results in rancidity; oxidation involves series of chain
reactions yielding considerable amounts of degradation products.
In this study; riviera type olive oil and soybean oil were used as
substrate for thermal oxidation. Oil samples are held in the reac-
tion vessel at 100, 130, 160, and 190 °C for 21 hours under con-
tinuous air flow in the form of bubbles. The extent of oxidation
depending on temperature and time was measured by analysing
the changes in tintometric colour, refractive index, dielectric con-
stant, peroxide value, p-anisidine value, totox value, and UV
absorbance at 232 nm. and 270 nm. wavelengths. Various corre-
lations are investigated to explain the changes of the analysed
data during oxidation with MATLAB 7.0. Moreover; Arrhenius
equation for the overall oxidation is expressed regarding the
changes in dielectric constant to calculate the activation energy
for the substrates involved. Riviera type olive oil is found out to
be more resistant to thermal oxidation. 

27. A Review on Biodiesel and Biolubricant Production from
Vegetable Oils. Fahri Yemişçioǧlu, Ipek Akin, and Ismail Eren,
Ege University, Food Engineering Department, Izmir, Turkey.

In this review; the available technologies for the preparation
of vegetable oils and their derivatives for the production of
biodiesel and biolubricants is discussed. Industrial processes for
the production of biodiesel and biolubricants, as well as biosol-
vents and printing inks are also summarized. Chemical and
enzymatic processes for these industrial products are compared.
Economical considerations for oleochemical industry and the
possible research areas related to the use of vegetable oils are
discussed.

28. The Oxidative Stability of Cottonseed, Palm, Soybean
Oils with αα-Tocopherol and Ascorbyl Palmitate after
Interesterification Reaction. Goktay Tas, Aydin Oztan, and
Ayca Yarali, Hacettepe University, Dept. of Food Engineering,
Beytepe, Ankara, Turkey.

Lipid oxidation has been reported to be responsible for off-
flavors, toxic compounds formation, and the cause of many dis-
eases. The addition of antioxidants has been used to retard lipid
oxidation in food products. Interesterification is a reaction that
exchanges carbonyl groups of fatty acids within and between
triglyceride molecules and it is used to modify the structure and
composition oils to improve the physical and nutritional proper-
ties of triglyceride. In this study, determine the loss of antioxi-
dants of cottonseed, palm and soybean oils during chemical
interesterification, which are often used in margarine industry.
Free fatty acids and peroxide, totox values and rancimat method
were used for determination of oxidative stability of samples
with and without additives (α-tocopherol and ascorbyl palmi-
tate). The results showed that interesterification reduced the
tocopherol content of the samples in different ratios.
Interesterified samples showed higher free acidity, peroxide
value and totox values than their uninteresterified counterparts
during 21 days storage at 60ºC. The oxidative stability of the
samples with added tocopherol plus ascorbyl palmitate were
higher than the samples with added tocopherol equal to the
amount lost during interesterification. The values of free fatty
acid, peroxide and totox as well as the data obtained from ranci-
mat method showed that the interesterification reactions applied
to oils negatively affected their oxidative stability. 

29. Oxidative Stability of Turkish Hazelnut Oil Compared
with Refined Olive Oil. Baran Onal-Ulusoy and Mehmet
Mutlu, Hacettepe University, Dept. of Food Engineering,
Beytepe TR-06532, Ankara, Turkey.

Adulteration of olive oil with different seed oils, especially
with hazelnut oil, has always represented a problem for
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Mediterranean countries that produce and import olive oil.
Turkey produces 80 % of the worlds hazelnut production, and
some of those are used for hazelnut oil production. Hazelnut oil
is considerably less expensive than olive oil and it’s triacylglyc-
erol, total sterol and fatty acid composition except content of
linoleic acid are very similar to that of olive oil. In this study, the
oxidative stability of hazelnut oil at 60oC for 16 days was com-
pared with refined olive oil by using peroxide value, fatty acid
composition, linoleate%/ palmitate% ratio and calculated oxidiz-
ability. Among the quality indices, PV of hazelnut oil increased
markedly from the earliest stages of oxidation compared with
olive oil. Linoleate %/ palmitate % ratio of both oils did not
change appreciably during induction period. Hazelnut oil
reached to a PV about three times higher than that of refined
olive oil at the end of 16 days. Initial oxidizability of hazelnut oil
and refined olive oil were calculated as 2.4 and 1.8, respective-
ly. Thus, adulteration of olive oil with hazelnut oil is unfavorable
not only because of the legal issues but also decreasing the
oxidative stability of olive oil during storage. 

30. New Technology in Enzymatic Extraction and
Degumming of Vegetable Oils in Nigeria. B. Urevbu2, T.
Ogbhemhe1, F. Duru1, 1Delta State University, Nigeria;
2Ambrose Alli University, Nigeria.

Enzymatic extraction and degumming of oil seeds have been
investigated for some time in the extraction of edible oils from
crops such as Rapeseed but more recently new developments in
enzyme technology have widened the range of applications.
Processes are being proposed for corn and rice bran oil but these
are still at an early stage. Enzymatic degumming to remove
phosphatide gums has recently been extended through the use
of microbial phospholipase. These new enzymes permit degum-
ming to be carried out low water levels and without the use of
harsh chemicals, providing a cost effective, environmentally
friendly degumming route. In physical degumming which also
covers enzymatic treatments, centrifuges are used to separate
the aqueous gum fraction from the oil. Recently we have inves-
tigated the use of combined absorbtion and enzymatic hydroly-
sis of phospholipids to reduce or eliminate the requirement for
centrifugation. This process results in a degumming with a
reduced energy and water consumption and may be applicable
where environmental concerns encourage the reduction of water
consumption. The paper will review these developments and
report on the results recently obtained on low water degum-
ming. 

31. Effects of Processing Steps on the Quality and Stability of
Three Unconventional Sudanese Oils. Abdalbasit Mariod1,
Bertrand Matthäus2, K. Eichner3, and Ismail H. Hussein4, 1Food
Sci & Technology Department, College of Agricultural Studies,
Sudan University of Science & Technology, P.O Box 71
Khartoum North, Sudan; 2Institute for Lipid Research of the
Federal Center for Cereal, Potato and Lipid Research, Piusallee
68/76, 48147 Münster, Germany; 3Institute for Food Chemistry
of the Westfälische-Wilhelms-University, Corrensstr. 45, 48149
Münster, Germany; 4 National Oil Processing Research Institute,
University of Gezira, P.O Box 20, Wad Madani Sudan.

In refining experiment, on a laboratory scale crude oils from
Sclerocarya birrea (SCO), Sorghum bug (SBO), Melon bug
(water extracted (MBO H2O)) and Melon bug (solvent extracted
(MBO SOL)), were processed by alkali refining. Quality changes
were characterized by the determination of free fatty acids, per-
oxide value, tocopherols, sterols, phosphatides and stability
against oxidation (Rancimat test). In addition the fatty acid com-
position was determined. It is clear that the content of phos-
phatides, peroxides, tocopherols, sterols as well as oxidative sta-
bility were reduced during processing, while free fatty acids were
nearly totally removed. The content of phosphorous was reduced
in SCO, SBO, MBO H2O and MBO SOL by 26, 19, 12, and 78%,
respectively, while complete oil processing removed 95%, 99%,
96% and 99% of free fatty acids in crude oils, respectively. The
level of total tocopherols decreased during processing by 38.7,
83.8, 100, and 33.3% respectively. The color decreased through
the processing steps up to bleaching then in deodorization step it

darkened sharply in all samples. No change in the fatty acid com-
position was observed. The order of oxidation stability was
crude>degummed>deodorized>neutralized>bleached, in SCO,
and crude > degummed>neutralized>bleached=deodorized, in
MBO H2O, and crude > degummed> deodorized
>neutralized>bleached in MBO SOL while, in SBO the order of
oxidative stability was deodorized >crude >degummed> neutral-
ized =bleached. Total sterols decreased by 42-92% in the
processed oils, compared with crude ones.

32. Trilinolein Levels of the Authentic Olive Oils as an index
of their Genuineness: A Rapid Quality Control Method by
HPLC with Refractive Index Detection. Özlem Tokuşoǧlu1

and Önder Yamanel2, 1Celal Bayar University, Akhisar M.Y.O.,
45200, Akhisar, Manisa, Turkey; 2Akhisar Trade Board, 45200,
Akhisar, Manisa, Turkey.

Trilinolein in olive oils manufactured in Akhisar was detect-
ed using HPLC on a C18, 150 x 4.6 mm, 5µm column with
refractometric detection (410 nm). The objective of this work
was the characterisation of authentic Akhisar olive oils during
the 2004/2005 harvest and the development a rapid detection
method of trilinolein. Authentic Akhisar extra virgin oils con-
tained 0.55% - 0.80% of trilinolein (n=100). Acidity and perox-
ide values were determined for all samples (n=100) (p<0.01).
The fatty acid (FAs) profiles including palmitic, stearic, oleic,
linoleic, linolenic (omega-3) acids were also detected in above-
mentioned authentic olive oils (p<0.01). Adulteration of
extravirgin olive oils with >=4% sunflower, soybean, or canola
oils gave a final trilinolein content of >=0.62%. Different trili-
nolein levels in olive oils have been reported due to the continu-
ous system difference in manufacturing companies.

33. Isolation and Characterization of Tarom and Roudbar
Olive Oil Phenolic Compounds by HPLC / UV and GC-
Mass. P. Ramezani Kharazi, University of Guilan, Faculty of
Science, Rasht, Iran.

Phenolic compounds are responsible of the organoleptic
characteristics and of the stability of the oil, this study presents
the phenolic compounds profile of Roudbar and Tarom virgin
olive oil during 2002- 2005 ,determined by High- Performance
Liquid Chromatography and characterized by gas chromatogra-
phy-mass spectrometry (GC-Mass). The most abundant simple
phenolic compounds were, 3-4-Dihydroxyphenyl ethanol (
hydroxy tyrosol ) , p-hydroxyphenyl ethanol (tyrosol) and 4-
hydroxy -3-methoxy Benzoic acid (vanilic acid) predominated
among the simple phenols. The presence of hydroxytyrosol and
tyrosol derivatives was conformed.

34. Investigation of the Antioxidant Activity of Rosemary
(Rosmarinus Officinalis L.) Extract in Tocopherol-Stripped
Sunflower Oil in a Convection Oven. Naciye Erkan Kus and
Güler Ayranci, Akdeniz University, Faculty of Arts and Sciences,
Department of Chemistry, P.O. Box: 07058, Antalya, Turkey.

This study examined the lipid oxidation level in tocopherol-
stripped sunflower oil which is a widely used cooking and fry-
ing oil in Turkey, containing different concentrations of rose-
mary (Rosmarinus officinalis L.) extract that was extracted by
soxhlet extraction. The extraction solvent used was methanol
and the oxidation temperature in the convection oven was 400C.
Heating periods for the oils in the oven were 0,1,2,4,6 and 8
days. The oxidation level in the oil samples was determined by
measuring peroxide value, conjugated diene hydroperoxides and
p-anisidine value. 

Comparing the oil samples containing the extract with con-
trol samples, oil samples having the extract at any concentration
were understood to decrease oxidation level. The results showed
that all the extract concentrations were successful to suppress
oxidation at 400C during heating times. The oxidation level did
not increase in an appreciable level as heating times increased
until 8 day heating period. These findings may be helpful to
determine the storage conditions of vegetable oils to prevent
them from being oxidised by using natural plant extracts rather
than using synthetic additives which may cause risk as health
problems in the human body. 

22 WORLD CONFERENCE AND EXHIBITION ON OILSEED AND VEGETABLE OIL UTILIZATION



35. Investigation of the Antioxidant Activity of Carnosic Acid
in Tocopherol-Stripped Sunflower Oil in a Microwave Oven.
Naciye Erkan Kus and Güler Ayrancim, Akdeniz University,
Faculty of Arts and Sciences, Department of Chemistry, P.O.
Box: 07058, Antalya, Turkey.

This study examined the lipid oxidation level in tocopherol-
stripped sunflower oil which contained carnosic acid at different
concentrations as a natural source antioxidant to prevent oxida-
tion during heating in a temperature controlled microwave oven.
Carnasic acid was added to the oils at %0.005, %0.01 and %0.02
concentrations as methanol solutions. Methanol was removed by
vacuum under reduced temperature. Tocopherol-stripped oil
samples were obtained by column chromatography and the oils
were understood not to contain tocopherols in appreciable
amounts. Heating temperature in the microwave oven was 400C
and heating periods were 0,2,4,6 8 and 10 hours. Oxidation level
during heating was tested by measuring conjugated diene
hydroperoxides and p-anisidine value. The antioxidant amounts
remaining in the oils after heating times were determined by
analysing the oils in HPLC. 

The results showed that carnosic acid at all concentrations
were successful to suppress oxidation comparing with the con-
trol samples. Carnosic acid at %0,01 was found to be the opti-
mum level to add to the oils for decreasing oxidation. HPLC
analyses showed that carnosic acid levels in the oil samples
decreased as the heating times increased but not in an apprecia-
ble amount until 6 hour heating. These findings may be helpful
to see the microwave heating effect on the oils containing
carnosic acid which is known as a powerful antioxidant behav-
ing compound that is extracted from rosemary (Rosmarinus
officinalis L.) as a natural plant source. 

36. Polyunsaturated Fatty Acid Production by Moulds in
Solid State Fermentation. Handegül Aytuna1 and Necla Aran2,
1Ministery of Agriculture and Rural Affairs, Istanbul Provincial
Agriculture Directorate, Istanbul, Turkey; 2Istanbul Technical
University, Faculty of Chemistry and Metallurgy, Department of
Food Engineering, Maslak 34469 Istanbul, Turkey.

Lipids containing polyunsaturated fatty acids have received
considerable great attention because of their possible beneficial
effect on human health. This situation has led human being to
find alternative natural fatty acid sources. It is pointed out that
microorganisms are able to produce lipid products having differ-
ent functional properties. In general fatty acid compositions of
microorganisms are similar to those of vegetable oils. However,
it is possible to alter the structure of lipids by changing growth
conditions such as substrate composition, temperature, surfac-
tant addition, absence or excess of some nutrients and using r-
DNA technology. It has been demonstrated that lipids are accu-
mulated in microorganisms during stationary phase. 

Different fermentation techniques are used in order to produce
metabolites from microorganisms. Solid state fermentation is one
of them in which the agricultural waste materials can be used as
substrate. The use of agricultural and industrial waste materials
and by products as culture media provides economical and envi-
ronmental advantages for large scale processes. A great variety of
waste materials and by-products have been used as substrate in
the experiments and industry for the production of biomass.
Certain moulds growing on different carbon sources can accumu-
late lipid in their biomass as storage compounds. Fungal strains
belonging to the genus Penicillium, Aspergilli, Fusarium, Mucor,
Cunninghamella, Mortierella, Thamnidium and Phycomyces are
considered as important lipid producing microorganisms and
polyunsaturated fatty acids such as γ-linolenic acid, dihomo-γ-
linolenic acid, arachidonic acid, docosahexaenoic acid and eicos-
apentaenoic acid can be synthesized. 

The objective of this presentation is to review the studies
about potentially useful moulds for the production of polyunsat-
urated fatty acids by solid state fermentation technique and the
effects of fermentation variables on lipid production and fatty
acid composition. 

37. The Fatty Acid Compositions of Lipids Produced by
Some Moulds in Solid State Fermantation. Handegül Aytuna1

and Necla Aran2, 1Ministery of Agriculture and Rural Affairs,
Istanbul Provincial Agriculture Directorate, Istanbul, Turkey;
Istanbul Technical University, Department of Food Engineering,
Istanbul, Turkey.

In recent years lipids obtained from microorganisms are con-
sidered as alternative sources to vegetable and animal oils. One
of the main advantages of microorganisms over plants and ani-
mals is their ability to grow in a very short time and on various
waste materials/by-products. In order to be produced commer-
cially fatty acid composition and economical value of these
lipids should be able to compete with traditional lipids.

Solid state fermentation is one the fermentation techniques in
which solid materials are used as substrate for microbial growth.
There are many factors affecting the yield and fatty acid compo-
sition of microbial lipids (single cell oil/fat) such as substrate
composition, temperature, surfactant addition, absence or excess
of some nutrients, growth phase of microorganism and extrac-
tion methods. 

In this study, the fatty acid compositions of lipids produced
by Mucor racemosus 73364 and Rhizopus oryzae 70085-955-D1
grown on various solid substrates containing grapefruit peel,
spent malt grains and mixture of both at a ratio of 3/1 (grapefruit
peel to spent malt grains) were determined. The results indicat-
ed that substrate composition had a significant effect on fatty
acid composition of the fungal biomass. The GLA content of the
lipids extracted from all fungal biomass was found to be between
2.35 - 6.64% whereas no GLA was detected in non fermented
solid substrates. It has been observed that the amount of GLA in
the lipid extracted from biomass (grapefruit peel and mixture of
grapefruit peel and spent malt grains) fermented with M. race-
mosus 73364 was higher than that of R. oryzae 70085-955-D1.

38. Evaluation of New Improved Rapeseed (Brassica napus)
Varieties for Cold Stress in Ardabil Region. D. Hassanpanah1

and M. R. Ahmadi2 , 1Research Center of Agriculture and
Natural Resources of Ardabil Province, Iran; 2Seed and Plant
Improvement Institute, Karaj, Iran.

Rapeseed cultivation was developed because of need to oil in
Iran. It’s under planting area is increasing with introduction of
new varieties that have high yield and high quality oil. This
research were done by use of 12 new improved rapeseed vari-
eties on the basis of completely randomized block design in
Agriculture and Natural recourses station of Ardabil
(Iran).Anova were done for all of characters and results showed
that differences between varieties for plant height, grain number
per capsule, 1000 grain Weight and grain yield is significant.
Phonological, morphological traits and tolerance to cold (before
and after occurring of environmental cold) measured in under
study varieties. Ceres, SLMO46, Regent*Cobra were tolerant,
P.F. 7045/91, Shiralee, Yantar, Eureka were semi tolerant, Watan
and ACSN1 were semi susceptible and Cobra, Darmor and A.W.
were susceptible against cold. SLMO46, Ceres and
Regent*Cobra respectively with 1733, 1828 and 3292 kg/ha had
the highest grain yield relative to Talaie control variety (1200
kg/ha). Thus these three varieties introduce as high yield and
cold tolerant varieties for Ardabil region.

39. Oil Stability and Yield of New Autumn Carthamus
Varieties in Dry Farming Conditions. H. Mostafai1, M.
Javadi2, D. Hassanpanah1, S. Pourdad2, and R. Shahriari4,
1Research Center of Agriculture and Natural Resources of
Ardabil Province, Iran; 2Education Office of Ardabil Province,
Iran; 3Dryland Research Institute, Maragheh, Iran; 4Islamic
Azad University, Ardabil Branch, Iran.

Nowadays carthamus cultivation was done for oil production.
This investigation conducted for study on oil stability and yield
of new autumn carthamus varieties in dry farming conditions of
Ardabil, IRAN. Experimental designee was CRB in three repli-
cates for two years. 16 varieties planted in autumn and dry con-
ditions in Agriculture and Natural Resources Research station of
Ardabil. Combined ANOVA showed that differences between
varieties for seed numbers per receptacle, 1000 seed weight,
seed yield, oil yield and oil percent were significant. CH-5, PI-
537598, Hartman, PI-537636 and LRV51-51 were the best vari-
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eties of this research with highest seed yield, oil yield and oil
percent. Seed yield had negatively significant relative with days
from emergence to flowering and receptacle number per plant;
but had positively significant relative with seed number per
receptacle, oil yield and oil percent. 

40. Evaluation of New Autumn Carthamus Varieties for Oil
Performance in Dry Conditions of Ardabil. H. Mostafai1, D.
Hassanpanah1, S. Pourdad2, and R. Shahriari3, 1Research Center
of Agriculture and Natural Resources of Ardabil Province,
IRAN; 2Dryland Research Institute, Maragheh, Iran; 3Islamic
Azad University, Ardabil Branch, Iran.

Carthamus is an important plant in agriculture. In the past
tense, its flower was used as food color. But its cultivation nowa-
days does for oil uses. Carthamus seeds have about % 26-45 oil.
This study was done for determination of oil performance in new
carthamus varieties in Ardabil climate. Because this, 20 variety
planted in dry lands in autumn. Experimental design was three-
replicated RCBD. ANOVA showed that differences between
varieties were significant for maturity period duration, the days
from emergence to flowering, 1000 seed weight, seed yield, oil
percent and oil yield. Hartman, Kino-74, PI-537598 and Leasf
were the best varieties in seed yield respectively with 1203,
1124, 945.5, 934.7 kg/ha and oil yield with 384, 348.1, 334.8,
322.6 kg/ha and oil percent of 31.02, 30.51, 29.51, 29.43. Oil
yield had negatively significant relative with maturity period
duration and the days from emergence to flowering. Oil yield
had positively relative with oil percent and seed yield. At last we
recommend culture of Hartman variety in dry conditions of
Ardabil in autumn.

41. Dry Farming Evaluation of New Spring Carthamus
Varieties for oil Performance in Ardabil. H. Mostafai1, M.

Javadi2, D. Hassanpanah1, S. Pourdad2, and R. Shahriari4,
1Research Center of Agriculture and Natural Resources of
Ardabil Province, Iran; 2Education Office of Ardabil Province,
Iran; 3Dryland Research Institute, Maragheh, Iran; 4Islamic
Azad University, Ardabil Branch, Iran.

Oil play an important role in human nutrition .It is one of the
main resources to provide protein and energy. With due attention
to increasing from day procedure of growth consumption that
arise from increasing of population and importance of economic
situation of people, taking into per head oil consumption in Iran
(about 16.3kg), we need to one million ton per year. About %10
of this amount produce in country but reminder (about %90)
must be import. To cover of such deficit very much activity nec-
essary for increasing of oil production. Cartamus seed have %
26-45 oil, and its meal use in nutrition of ruminant animals
because of high protein (% 12-22) .In recent years, carthamus oil
production was been common for food consumption. This oil
has more numbers of saturated fatty acids relative to other oils.
In order to study of oil performance rate of 17 spring varieties,
an experiment was conducted in dry farming conditions in
Agriculture and Natural Resources Research station of Ardabil.
Experimental design was completely randomized block.
ANOVA showed that differences between varieties for maturity
duration, time of emergence to flowering and plant height were
Significant. Mean comparisons make known varieties of PI-
537636, PI-537636-S and Dincer as the best varieties, respec-
tively with920, 766.3 and 749.7 kg/ha seed yield, 261, 216 and
210kg/ha oil performance, and 28.36,28.23 and 28 oil percent-
age. Relations between seed yield and oil performance with
receptacle number per plant and seed number per receptacle
were positively significant. With due to attention to results of
this research PI-537636 variety selected for spring sowing in dry
farming of Ardabil area.
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