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 MONDAY

AFTERNOON

LOQ 1: Stability and Shelf Life Prediction using Analytical and Sensory Methods

Chair(s): U. Nienaber, Kraft Foods Inc., USA; and M. Stefanski, DSM Nutritional Lipids, USA

Consumer Defined Product Quality. R.N. Bleibaum, C. Tao, Tragon Corporation, Redwood City, CA, USA

Sensory is a scientific discipline used to measure the human response to a stimulus. In a properly designed sensory
experiment, results from relatively small groups of subjects can be used to understand perceived product similarities
and differences. Results can then be extrapolated to a larger population to minimize risks in decision making. Sensory
research can be used to determine product stability and establish shelf life guidelines relative to consumer expectations.
These tools help companies establish meaningful sensory specifications designed to protect product quality. Strategic
sensory departments develop predictive relationships with consumer behavior using tools such as optimization, design
of experiments, and interactive tools like the Maximizer, which aids in product development. This presentation will
focus on the fundamentals of sensory science along with an overview of advancements, including analytical
(discrimination testing and quantitative descriptive analysis) and consumer based methods. If time permits, audience
members will participate in a hands-on demonstration of selected sensory methods using Extra Virgin Olive Oils to
enhance the learning experience. Sensory science can provide clear and strategic guidance to ingredient suppliers,
purchasing agents, product development, production, quality control, marketing, and sales.

Uncertainties, Pitfalls and Perspectives in the Shelf Life Testing of Food Undergoing Oxidative Reactions. M.C.
Nicoli, S. Calligaris, L. Manzocco, M. Anese, Dipartimento di Scienze degli Alimenti, Università di Udine, Udine,
Italy

The successful application of classical accelerated shelf life testing (ASLT) for life time prediction of foods
undergoing oxidative reactions is frequently hindered by a variety of reasons. The basic premise for a correct shelf life
prediction is that the temperature dependence of food quality decay rate must fulfill the Arrhenius model. In most food
undergoing oxidative reactions dramatic deviations from the Arrhenius models may occur causing significant shelf life
prediction errors. Such deviations are generally due to temperature induced changes in reactant concentration even
caused by phase transitions. A second situation of limited temperature dependence occurs when an environmental
factor other than temperature strongly affects the reaction rate, making negligible the contribution of temperature in
speeding up the reaction. The presentation will describe some case studies in which classical shelf life predictive
models cannot be successfully applied discussing possible modeling strategies to overcome these hurdles.

An Alternative Approach to Shelf Life Prediction. M. Peleg, University of Massachusetts, Amherst, MA, USA

Traditionally, foods shelf life estimation has been based on the assumptions that deterioration, or the reactions which
control it, have fixed order kinetics, and that the temperature dependence of these reactions′ rate constants follow the
Arrhenius equation. Where the spoilage involves complex or interactive chemical processes such as lipid oxidation,
occurring in a changing medium, the validity of these two assumptions is in serious doubt. Thus predictions based on
them, especially when the temperature varies during transport and storage, can be off mark. Theoretically, shelf life
prediction could be improved by employing global non-linear kinetic models supplemented by Monte Carlo computer
simulations. Such models already exist, and at least in principle, their parameters can be determined from either
stationary or dynamic experiments. Implementation of the non-linear kinetics approach need not be difficult when
employing modern mathematical software. But their effective exploitation will require critical evaluation of old

liz.mcmillen
Typewritten Text
2012 Annual Meeting Abstracts



file:///H|/Amie/abstracts/am2012/Lipid%20Oxidation%20and%20Quality.htm[2/10/2016 10:10:25 AM]

concepts and reinterpretation of existing and newly acquired laboratory and field data. 

Predictive Tests for Measuring Antioxidant Performance in Food. S.P.J. Namal Senanayake, Danisco USA, Inc.,
New Century, Kansas, USA

Numerous analytical tests are routinely used for measuring lipid oxidation and antioxidant activity in foods. Typical
shelf-life procedures would be too long and expensive. Therefore, accelerated methods, using high temperature or
catalysts, are almost exclusively used by the food industry. The end of induction period may be measured in different
ways, such as on the basis of oxygen consumption or decrease of oxygen pressure. Oxidograph records changes in the
amount of oxygen absorbed by the sample at a high temperature. Oxygen bomb method, such as Oxipres, is based on
recording of pressure changes during oxidation at high temperature and high oxygen pressure. Oxygen consumption
can also be measured by electrochemical detection of changes in oxygen concentration. Although results of accelerated
methods may not correspond exactly to the results obtained under typical storage conditions, they can be used as rapid
screening tools to evaluate the relative performance of antioxidants in food.

Determination of the Oxidation Stability of Antioxidant Protected Lipids using the Oxipres (Oxygen Bomb)
Method. A. Newson, C. Lok, D. Prime, Vitablend Nederland BV, Wolvega, The Netherlands

Autoxidation of lipids used in food and feed is a major concnern since it decreases shelf life, palatability and decrease
in nutritive value.Various indices of lipid oxidation are available that may be used to determine the stability of lipids to
auto-oxidation including peroxide value, anisidine value, TBARS and evolution of volatile aldehydes and ketones.
These techniques involve significant analytical resource. Instrumentation such as the "Oxipres" (oxygen bomb) and
"Rancimat" are available to rapidly give an insight into the oxidative stability of lipids using elevated
temperatures.Results from practical application of the Oxipres method to vegetable, animal and marine oils are
presented to demonstrate its potential for predicting shelf life and rapidly benchmarking the efficacy of antioxidants.
Comparison is made to the Rancimat technique commonly used as a measure of oxidation stability.

Predicting Sensory Properties of Fish Oil using Volatile Oxidation Products. J.C. Sullivan, S.M. Budge, Dalhousie
University, Halifax, NS, Canada

The numerous health benefits of consuming fish oil are often negated by fishy off-flavors and odors that are present in
supplements. To produce a dietary supplement that is resistant to oxidation and remains palatable for the duration of its
shelf life, it is essential to identify the compounds responsible for off-flavors. Here we investigate oxidation of omega-
3 fish oils containing different amounts of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), by
determining headspace volatiles using SPME and GC-MS, peroxide values, anisidine values, with comparison to
sensory evaluation of oils by a panel. Key volatiles responsible for changes in sensory degradation of oils over time
were identified. By monitoring these volatiles, it may be possible to create a simple method to assess oxidation in fish
oils that correlates well with sensory properties of the oil.

Selection of Vegetable Oil Ingredients Based on Sensory Profile Aging. J.C. Mifsud, M. Lamboy, C. Schneider,
Alpha MOS, Hanover, MD, USA

Vegetable oils are common ingredients entering the composition of many food products. Hence, it is important that
their sensory properties do not negatively affect the overall sensory features of the final product, especially over
ageing.An Electronic Nose was used to analyze the complex headspace of 3 vegetable oils (palm, soybean, colza) aged
at ambient temperature and under daylight conditions. Samples were analyzed at day 0, then at days 5, 10 and 15.Prior
to analysis, oil samples were incubated for 20 minutes at 60°C in order to generate a homogeneous headspace phase,
of which a fraction was injected onto the E-Nose.A Principal Component Analysis model was set up based on
instrumental measurement, showing a clear differentiation of the various oils and different behaviors over photo-
oxidation and ageing.The analyzer-integrated database of Kovats indices allowed to identify the main odorant
compounds: the important presence of numerous alkanes is typical of a high level of oxidation.The electronic nose
thus brought the ability to rapidly compare the sensory quality of oil products. By building quality control cards, it is
also possible to check the batch to batch conformity of ingredients and final products and assure the consistency of
testing methods.
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An Examination of the Use of Sensory and Analytical Measures to Develop an Accelerated Stability Model. S.
Salisu, S. Kassner, DSM Nutritional Products, Columbia, MD, USA

Edible oil manufacturers support shelf-life claims through the use of real-time stability studies, in which analytical and
sensory measures are used to demonstrate compliance with product specifications. The use of substantiated accelerated
stability models allows a company to make informed decisions regarding processes in a short amount of time.
Historically, development of accelerated temperature models has been a challenge for manufacturers of PUFA oils due
to the complex chemistries involved in PUFA oxidation. Through our research, we will explore the relationship
between time, temperature and oxygen concentration as an accelerated approach to predicting PUFA oil quality. We
will use this accelerated approach to examine if sensory and analytical measures can be used to predict the stability of
PUFA oils with differing antioxidant systems. Additionally, we will statistically examine the relationship between
sensory and analytical measures to enable prediction of PUFA oil quality through analytical measures alone.

An Approach to Optimize the Utility of Storage Testing and Predictive Modeling. M. Sewald, General Mills Inc.,
Minneapolis, MN 55427, USA

Accelerated storage testing methods have long been regarded as the Holy Grail for the scientist charged with
conducting stability testing in the food industry, or for the product developer working to develop a stable product on a
tight time line. The challenges of developing such methods include how normal variability in ingredient quality,
formula delivery, and processing variability the influence the measured Q10 between production lots of the same
product. This in turn influences the "acceleration rule" for a specific storage condition. Also, new formula variations
introduced in the R & D process can influence the measured Q10, which will be confounded with the shelf life
estimate provided by any single temperature accelerated method. An approach involving a range of pertinent
temperature for each storage test, coupled with key sensory and analytical measurements will be discussed. This
approach can provide useful information for both ingredients and finished products, as well as provide a basis for a
database. That database can then be used for predictive modeling, determining quality implications, and understanding
distribution to new markets for established products.

 TUESDAY

MORNING

LOQ 2: Lipid Oxidation in Bioactive Lipid Delivery Systems

Chair(s): S. Zhou, Kellogg Company, USA; M. Peitz, Archer Daniels Midland Co., USA; and E. Decker, University of
Massachusetts, USA

Challenges for the Delivery of Long Chain n-3 fatty Acids in Functional Foods. Harjinder Singh, Riddet Institute,
Massey University, Palmerston North, New Zealand

Increased consumption of n-3 fatty acids has been shown to reduce the risk of cardiovascular and inflammatory
diseases. Consequently, a number of food products containing n-3 fatty acids have been introduced to the market but,
due to an adverse smell and taste, contain only a fraction of the recommended daily intake of n-3 fatty acids.
Introducing n-3 fatty acids into food products gives rise to major food formulation challenges because n-3 fatty acids
are sensitive to heat, light and oxygen and rapidly undergo oxidative damage. Antioxidants are commonly used to help
prevent oil oxidation. However, the effectiveness of antioxidants depends on several factors, including pH, temperature
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and polarity. Another way of reducing oxidative damage is to encapsulate the oxidisable lipid so as to reduce its
contact with oxygen, trace metals and other substances. Most of these existing encapsulated n-3 oil products are based
on formation of fish oil emulsions using proteins, polysaccharides and other low molecular weight emulsifiers. We
have recently developed novel technologies for encapsulating oxidisable lipids in milk protein complexes, in the form
of oil-in-water emulsions. These technologies provide antioxidant effects and allow high levels of n-3 fatty acids to be
incorporated into a range of food products.

Oxidation of Submicron Emulsions Formulated with DHA Located either at the Interface or in the Bulk Oil.
T.H. Kabri, A. Meynier, L. Ribourg, D. Bontemps, C. Genot, INRA UR1268 Biopolymères Interactions Assemblages,
Nantes, France

In dietary sources, long-chain polyunsaturated fatty acids (PUFA) such as docosahexanoic acid (DHA) can be
esterified either in triacylglycerides (TAG) or phospholipids (PL). They are thus in different environments: in the bulk
oil phase or at the interface, when present in multiphase systems such as emulsions. This may impact their oxidative
stability and bioavailability.The objective of this study was to compare kinetics of oxidation in two emulsions,
containing either (DHA) located either in the bulk phase as or at the surface of the lipid droplets. Stable sub-micron
emulsions were prepared by high ? pressure homogenisation with oils, lecithins from different sources and co-
surfactant to obtain lipid blends mixes with similar FA profiles fitting the recommendations of the French Agency.
Their stability and kinetics of oxidation were followed by several methods (O2, PUFA and tocopherol consumption,
formation of conjugated dienes, hydroperoxides, malondialdehyde and hydroxyalkenals). This work is carried out
within the project AGEcaninox, ANR-08-ALIA-002

An Investigation of the Mechanisms of the Varying Antioxidant Activity of Rosmarinic Acid Esters of Varying
Polarity in Oil-in-Water Emulsions. Atikorn Panya1, Mickael Laguerre2, Jerome Lecomte2, Pierre Villeaneuve2,
David Julian McClements1, Eric A. Decker1, 1Department of Food Science, University of Massachusetts, Amhesrt,
100 Holdsworth Way, Amherst, MA 01003, USA, 2CIRAD, Dept PERSYST, UMR IATE, F-34398 Montpellier 5,
France

The antioxidant polar paradox postulates that non-polar antioxidants are more effective in oil-in-water (O/W)
emulsions than polar antioxidants. However, this trend is often not observed with antioxidants esterified with acyl
chains to vary their polarity. In this study, the nonpolar eicosyl rosmarinate (R20) was less effective at inhibiting lipid
oxidation in O/W emulsions than esters with shorter fatty acyl chains such as butyl (R4), octyl (R8), and dodecyl
(R12) esters. Interestingly, in the presence of surfactant micelles, the antioxidant activity of R20 was significantly
increased while the antioxidant activity of R4 and R12 was slightly decreased. The presence of surfactant micelles
increased the concentration of R20 both in the aqueous phase and at the water interface in O/W emulsions as
determined by partitioning studies, front-face fluorescence properties and the ability of R20 to interact with the
interfacial probe, 4-hexadecylbenzenediazonium. A possible explanation for why the antioxidant activity of R20 was so
dramatically increased by surfactant micelles is that a portion of R20 localizes in the emulsion droplet core and the
surfactant micelles are able to increase its interfacial concentrations and thus its ability to scavenge free radicals.

Antioxidant Activity of the Palmityl Ester of Carnosic Acid in Corn Oil Emulsion. Clifford Hall, Asharani Prasad,
North Dakota State University, Fargo, ND, USA

The objective was to evaluate the antioxidant activities of carnosic acid (CA) and its palmityl ester derivative (CPE) in
emulsified corn oil. The corn oil emulsions were stored at 60 oC for up to 10 days and peroxide value and hexanal
contents measured over 10 days. TBHQ used as positive control. The CPE inhibited hydroperoxide formation better
than CA up to day 2. On day 4, CPE showed higher hydroperoxide formation than CA, and from day 4 up to day 10,
CPE inhibited hydroperoxide better than CA. Palmityl ester inhibited hydroperoxide formation better than TBHQ up to
day 6. On day 6, CPE-containing oils had higher peroxide values than TBHQ. After day 6 and up to day 10, CPE
inhibited hydroperoxide formation better than TBHQ. No hexanal was observed for CPE, CA, and TBHQ at time zero.
Palmityl ester inhibited hexanal formation better than CA up to day 10 and up to day 6 compare to TBHQ. On day 10,
hexanal content was higher in oil containing CPE as compared to TBHQ. However, the CPE inhibited hexanal
formation better than TBHQ on day 10. Hydroperoxide and hexanal formation was highest in the control, when
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compared with CPE, CA, and TBHQ.

Phenolipids as Antioxidants in Emulsified Systems and the Effect of Alkyl Chain Length. A.-D. M. Sørensen1, C.
Bayrasy2, M. Laguerre2, J. Lecomte2, P. Villeneuve2, C. Jacobsen1, 1Technical University of Denmark, National Food
Institute, Kgs. Lyngby, Denmark, 2UMR IATE, CIRAD, Montpellier, France

Lipid oxidation is a major issue in foods containing LC PUFA and a substantial effort has been made to protect lipids
against oxidation. Many foods are emulsions, and according to the so called "polar paradox", polar compounds work
better as antioxidants in bulk oil, whereas lipophilic compounds are better antioxidants in emulsions. Recent studies
carried out with phenolipids (lipophilized phenolics) have shown that increased lipophilicity didn′t necessarily lead to
an increase of the antioxidative effect. When the phenolic compound reaches a certain point of lipophilicity its
antioxidative effect decreases. The length of the alkyl chain for optimal antioxidant effect has been shown to be
influenced by the specific phenolic compound and the type of emulsion. The overall aim for our work was to evaluate
phenolipids with different lipophilicity as antioxidants in emulsified food. In the study presented here caffeic and
ferulic acid were selected along with their corresponding alkyl esters (C4-C20), which we synthesized. The methods
used to evaluate the antioxidative effect of the different phenolipids were the CAT assay (o/w emulsion) combined
with antioxidant assays and partitioning studies. This work strengthened the understanding of the relationship between
hydrophobicity and antioxidant capacity in emulsified systems.

LOQ 2.1: Effect of Food Formulation on Lipid Oxidation

Chair(s): A. Syed, Dow AgroSciences, USA; and M. Peitz, Archer Daniels Midland Co., USA

Effects of Food Structure on Reactivity of Lipophillic Ingredients. J. Coupland, The Pennsylvania State University,
University Park, PA, USA

Many foods depend on small quantities of lipophilic ingredients for their essential functional properties. These
ingredients may be classified as flavors, phytochemicals, antimicrobials or colors but together they often share the
common property of being prone to chemical degradation via reactions with hydrophilic components (notably acids
and transition metal ions). There is therefore a need to deliver lipophilic ingredients into largely hydrophilic foods in a
form where they can retain maximum functionality over the shelf life of the product. To be effective, the delivery
system must effectively segregate the ingredient of interest from degradation by aqueous components (or otherwise
protect them from reaction) without compromising functionality. There has been considerable effort to develop
delivery systems based on emulsions and related systems. Delivery systems contain elements of structure over different
several orders of scale (e.g., droplets, protein interfacial layers, lipid crystals, surfactant self-assembled structures) and
of which may be important in any improved functionality. In this presentation the major approaches to delivery are
reviewed and the types of structuring most effective in controlling reactivity are identified.

Successful Antioxidant Approaches for Preventing Lipid Oxidation in Complex Systems and Re-formulated
Foods. R. Nahas, Kalsec, Inc., Kalamazoo, MI, USA

Marketing data shows a shift in consumer preferences and market trends in regards to food ingredients. This has
resulted in an increase in oxidatively unstable, nutritional ingredients such as omega-3s, coupled with a shift away
from artificial additives, including synthetic antioxidants. These changes make it more difficult for product developers
to reformulate while maintaining quality standards, and consistent shelf-life. The need for an all natural approach to
stabilize today?s foods high in unstable ingredients will require more powerful strategies to manage oxidation. We
have collected numerous data highlighting successful strategies in managing oxidation through reformulation with
natural antioxidants, starting from simple systems like bulk oils and nuts, to more complex matrices like dairy
products, fish oil emulsions, snacks, dressings, fried foods and meats.

Omega-9 Oils: Longer Shelf Life, Cleaner Operations, Healthier Labels. A. Syed, Dow AgroSciences,
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Indianapolis, IN, USA

Ever since the TRANS fat labeling law was instituted, food manufacturers have been switching fairly successfully to
non hydrogenated oils, but mostly at the expense of higher SAT fat on the labels. Additionally, some of the
reformulated products suffered from inferior product quality, shorter shelf life and higher operational and formulation
costs. In other words, the vacuum left by the superior oxidative stability and functionality offered by hydrogenated fat
is still there. Omega-9 Canola Oil - with high oxidative stability and low SAT fat, neutral taste and high resistance to
polymerization - offers a viable option for most food applications. This presentation provides data on some recent
application research work in this regard.

Effect of the Endogenously Derived Canola Derived Antioxidants in Lipid Oxidation of Canola Oil-in-Water
Emulsions. Dayanidhi Huidrom, Narsi Reddy, Ann-Dorit Sorenson, James Friel, Martin Scanlon, Usha Thiyam,
University of Manitoba, Winnipeg, Manitoba, Canada

Lipid oxidation is one of the detrimental factors in affecting the quality of food. One of the most effective ways in
retarding lipid oxidation is the use of antioxidants. Natural and healthy antioxidants that effectively control oxidation
are now on search. Lipid in food mostly exists in the forms of emulsion. The present project aims at evaluating the
effect of canola (Brassica juncea) derived antioxidants on whey protein stabilized canola oil in water emulsion at
elevated temperature. 10 % canola oil in water emulsion using 1% whey protein as emulsifier was first prepared by
passing through homegeniser. Antioxidants (sinapic acid extract. SA(E) and whole extract, WE) at two concentrations
(100 and 350 µM) were added and incubated at 30°C. Sinapic acid and Butylated hydroxyl toluene (BHT) standards
were also used as reference. Oxidation markers like peroxide value and conjugated dienoic % are monitored to assess
the anti-oxidative effect. BHT was found to be the most effective antioxidants. The effectiveness of antioxidants in
terms of peroxide value and conjugated dienoic acid measurement are in the order: BHT-350>WE-350>WE-
100>BHT-100. The particle size of oil droplets remains constant throughout experimental period.

AFTERNOON

LOQ 3: Frying Stability

Chair(s): J. Moser, USDA, ARS, USA; and K. Hrncirik, Unilever R&D Vlaardingen, The Netherlands

Frying Studies: A Tool to Evaluate Safety, Quality and Performance of Frying Oils. Richard Stier, Consulting
Food Scientist, Sonma, CA, USA

Fried food are prepared and consumed the world over. This process, which has come under fire in recent years, is used
for two reasons; the foods are delicious and it is an efficient means for cooking foods. With rising costs of edible oils
and a push towards low-trans and low saturate oils, operators that are frying foods at both the industrial and
foodservice levels have been faced with challenges related to performance and product quality. To properly evaluate
any changes to a frying system, whether it is a new oil, a filter system, a change in the food mix or a modification of
the fryer itself, the operator should initiate frying studies to properly evaluate the proposed change. The first step is to
establish a baseline on the current system. Baseline data should include but need not be limited to oil chemistry, food
quality, sensory changes in the oil and empirical observations. Without a proper baseline, it is impossible to evaluate
how proposed changes will affect product and operational performance. This presentation will elucidate a method for
conducting frying studies addressing oil chemistry, food quality and other attributes, plus discuss allowances for cost,
and essential element in the food business. ′

Is the Oil Quality the Only Factor for the Shelf Life of the Fried Food? M. Gupta, MG Edible Oil Consulting Int'l,
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Texas, USA

Fried food may be deemed unacceptable to consumers for 1) Loss of texture, 2) Loss of flavor, and 3) Rancid flavor
developed during storage. It is well understood in the industry that loss of product texture during storage occurs when
the moisture content of the product reached certain threshold value; which is specific for almost every fried
product.The product can lose flavor intensity or character during storage where the product shows no good flavor
character and at the same time no bad flavor character is apparent. This is almost like the ?calm? in a storm. Finally
the product can begin to develop oxidized and eventually rancid flavor and become totally unacceptable to the
consumer. Oil is generally recognized as the source for the development of rancid flavor in the product. However, the
ingredients used in product formulation as well as process conditions can have some profound influence on product
rancidity.The presentation discusses the various contributing factors with some examples of real life case studies.

Lignans as Antioxidants for Soybean Oil at Frying Temperature. H. Hwang, J. Winkler-Moser, S. Liu, NCAUR,
ARS, USDA, Peoria, IL, USA

Lignans including nordihydroguaiaretic acid, (+)-pinoresinol, (-)-secoisolariciresinol, enterodiol, two sesame lignans
(sesamol, sesamin), and four model compounds were investigated for their antipolymerization activities for soybean oil
at frying temperature (180° C). GPC (gel permeation chromatography) was used to determine the amount of
polymerized triacylglycerols and 1H NMR for monitoring decrease in peak intensities of bisallylic protons and olefinic
protons. The radical scavenging abilities toward ABTS (2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) radical
were also evaluated to understand the relationship between radical scavenging ability at room temperature and
antipolymerization activity at 180° C. Lignans tested in this research showed antipolymerization activities, but not as
strong as 200 ppm TBHQ (tert-butylhydroquinone) with the same equivalent of phenolic moiety (0.0012 meq/g).
However, sesamol, nordihydroguaiaretic acid and (+)-pinoresinol showed better antipolymerization activity than the
legally limited amount of TBHQ (200 ppm, 0.0012 meq/g) at higher concentrations.

Phytosterol Moiety Effects on Stability, Tocopherol Interaction, and Anti-polymerization Activity of Phytosteryl
Ferulates. J.K. Winkler-Moser, K.A. Rennick, S.F. Vaughn, H.-S. Hwang, M.A. Berhow, USDA, ARS, NCAUR,
Peoria, IL, USA

The antioxidant, anti-polymerization, stability, and interaction with tocopherols of corn and rice phytosteryl ferulates
have been compared in several heating and frying studies. We have found that corn steryl ferulates are very protective
of soybean oil from polymerization during heating and frying, while rice phytosteryl ferulates are less protective.
However, at least during frying, mixtures of corn and rice phytosteryl ferulates were as effective as corn phytosteryl
ferulates alone. These results will be presented, along with the results of an investigation of the effect of the
phytosteryl moiety on anti-polymerization activity, as well as the interaction with tocopherols (protection from
degradation during heating and frying) and stability of the phytosteryl ferulates themselves, using synthetic phytosteryl
ferulates of varying structures.

Solid Fat Content Measurement as a Substitute for Total Polar Compound Analysis. E. Bakota, USDA, ARS,
National Center for Agricultural Utilization Research, Peoria, IL, USA

Monitoring of oxidative degradation in frying oils is essential for determining an appropriate discard time. The most
reliable method for monitoring the extent of oxidation in edible oils is the determination of total polar compounds.
However, this method is time-consuming and not practical to execute in a quality assurance setting. However, in these
cases, other rapid analytical techniques, such as benchtop NMR, may be available. The oxidative degradation of
several oils was studied via analysis of solid fat content (SFC), total polar compounds, and triglyceride concentration.
A strong correlation was determined between solid fat content, as measured by NMR, and total polar compounds.
There is also a significant correlation between solid fat content and triglyceride concentration. While total polar
compounds were also correlated with triglyceride concentrations, this relationship has been previously demonstrated.
For all oil types, the correlation between SFC values and total polar compounds is strong, with r values of 0.88 or
above. Linear equations were generated for each oil type, allowing calculation of total polar compounds from SFC
measurements. This suggests that SFC measurements could be used as a proxy for analysis of total polar compounds in
environments with access to instrumentation but no formal laboratory setup.
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Near Infrared Spectroscopy to Monitor Oil Degradation Processes during Frying. C. Gertz1, D. Behmer2,
1Official Institute of Chemical Analyses, Hagen, Germany, 2Bruker Optik GmbH, Ettlingen, Germany

The aim of this study is the evaluation of near infrared spectroscopy (NIRS) as a fast screening method for used frying
oil, since some of the classical methods can be time-consuming and need skilled staff. NIRS has already been
approved by the AOCS as procedure providing general guidelines (Procedure Am 1-92) and for determining the Iodine
Value in fats and oils (Cd1e-01).A set of 300 samples of used frying fats and oils were scanned in transmission in
disposable glass vials at 50°C using an FT-NIR spectrometer. The samples were analyzed for Total Polar Compounds
(TPC), Polymerized Triacylglycerols (TAG), Anisidine Value (AV) and Free Fatty Acids (FFA) using the standard
DGF methods. A mathematical relationship between NIR spectra and the analytical parameters was established using
Partial Least Squares regression (PLS). High validation accuracy was obtained for the NIR determination of TPC, TAG
and FFA. Furthermore, the Iodine Value, the palmitic-/linoleic-ratio, the degree of saturation and Lovibond Color
Index were determined to monitor the structural changes in the composition, important information to judge the quality
of the end-fried product. The good results suggest that NIR may offer a useful tool for the analysis of thermo-oxidative
changes in used frying fats and oils during the frying process.

LOQ 3.1: Lipid Oxidation and Packaging

Chair(s): B. Chen, University of Massachusetts, USA; J. Goddard, University of Massachusetts, USA; and T.
Jeradechachai, Northern Crops Institute, NDSU, USA

Regulatory Framework of Active Packaging Materials to Inhibit Lipid Oxidation. J. Koontz, Y. Song, U.S. Food
and Drug Administration, Bedford Park, IL, USA

The premarket safety review of active packaging materials by the U.S. Food and Drug Administration (FDA) focuses
on the safety of the chemicals that may be expected to migrate or release from the package into the food. Food
additives are generally classified by FDA by whether or not they impart an intended technical effect in food.
Antioxidants are traditionally used as direct food additives added in a single initial dose to protect the food against
generation of free radicals and lipid oxidation. Active packaging materials are subject to the food additive approval
process if the components of the package are reasonably expected to become components of the food, or to affect the
characteristics of the food as a result of their intended use. Natural antioxidants have been shown to undergo loss of
activity and become prooxidants at high concentrations; therefore, a need exists to develop active packaging which can
gradually deliver antioxidants in a controlled manner. A case study on the molecular encapsulation of natural
antioxidants using cyclodextrins as a controlled-release mechanism within polymer food packaging to gradually
deliver an effective antioxidant concentration to a food product will be highlighted. The FDA encourages innovation in
these types of applications which may limit oxidation, maintain nutritional quality, and extend shelf life.

Antioxidant Active Packaging. H. Soto-Valdez1, E. Peralta1, R. Auras2, 1Centro de Investigacion en Alimentacion y
Desarrollo, A.C., Hermosillo, Sonora, Mexico, 2School of Packaging, Michigan State University, East Lansing, MI
48824-1223, USA

Antioxidant active packaging is a technology in which the packaging can release antioxidants at controlled rates
suitable for reducing the oxidation process in foods. This process is described as migration, which is the result of
diffusion, dissolution and equilibrium processes. The rate at which diffusion occurs is described by Fick′s second law.
We present the behavior of different systems polymer-antioxidant-oil regarding the diffusion rate and the effect on the
oxidation stability of vegetable oils. Low density polyethylene (LDPE) containing antioxidants like butylated
hydroxytoluene, butylated hydroxyanisole, and -tocopherol have shown a fickian diffusion into vegetable oils. Also,
these systems have delayed the lipid oxidation of the oils as well as food products. LDPE is a non-polar polymer with
low interactions between its chains and the antioxidants. Therefore, release of these additives is effective when the
contacting medium (oils), shows positive interactions with the migrants. However, in the case of systems in which
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polar polymers like polyesters are used as a source of antioxidants a non-fickian behavior is observed. This is due to
the strong interactions between the polymer and natural antioxidants like resveratrol. In spite of that, polyester with -
tocopherol has shown positive effects by delaying oxidation in soybean oil.

Control of Lipid Oxidation by Active Packaging Films Prepared by Photoinitiated Graft Polymerization. F.
Tian, E.A. Decker, J.M. Goddard, University of Massachusetts Amherst, Amherst, MA, USA

Oxidative rancidity is a major cause of food quality deterioration. Trace transition metals are reported to play an
important role in promoting lipid oxidation. Metal-chelating active packaging therefore offers a unique means to
protect packaged foods against lipid oxidation. To prepare the novel active packaging films, metal chelating functional
groups were grafted onto polypropylene (PP) film surface by photoinitiated graft polymerization. FTIR, SEM, contact
angle, dye assay, and iron chelating assay were used to characterize changes in film surface properties before and after
functionalization. The ability of the novel active packaging films to retard lipid oxidation was determined in a soybean
oil-in-water emulsion system. The grafted acrylic acid layer increased the hydrophilicity of PP films, and had a
thickness of ~20 µm. The polymerization reaction could yield grafted carboxylic acid amount up to 68.67 ± 9.99 nmol
per cm2 film surface, with iron chelating activity of 71.07 ± 12.95 nmol per cm2 film surface. The functionalized PP
films dramatically decreased lipid oxidation in the oil-in-water emulsion system. The application of such effective and
economical active packaging represents a very promising approach in reducing additive use while maintaining high
food quality.

Effects of Packaging and Storage Conditions on the Shelf Life of Flaxseed Tortillas. T. Jeradechachai1, E.B.
Schlepp2, C.A. Hall III2, M.C. Tulbek1, 1Northern Crops Institute, Fargo, ND, USA, 2North Dakota State University,
Fargo, ND, USA

Ground flaxseed can be incorporated into tortillas to increase nutritional values. Six treatments that included
combinations of packaging and storage conditions were evaluated to understand the shelf life stability of flaxseed
tortilla. The treatments were: 1) polyethylene bag (POLY) and stored under light, 2) POLY and stored in the dark, 3)
gas barrier bag (BAR) and stored under light, 4) BAR and stored in the dark, 5) BAR with nitrogen and stored under
light, 6) BAR with nitrogen and stored in the dark. Peroxide value, GC headspace analysis, texture analysis, and
trained sensory analysis were performed to understand the effect of packaging and storage conditions on the shelf life
of flaxseed tortillas. Regardless of packaging, samples stored in the presence of light had higher peroxide value than
the corresponding samples in the dark. According to the trained sensory panel, grassy and painty flavor increased
significantly over time. Interaction between time and treatment was observed for grassy flavor but not in painty flavor.
Early phase of oxidation was indicated by peroxide value less than 10 (meq/kg) and low hexanal values at the end of 8
weeks storage. Each packaging type showed specific trends in the hexanal development. Different packaging
significantly affected the texture of tortilla at week 6-8.

PLA-Antioxidant Active Packaging; a Healthier Option for Protecting Oils and Oily Foods. Majid Jamshidian,
Elmira Arab Tehrany, Stéphane Desobry, Laboratoire d?ingénierie des biomolécules, Institut national polytechnique de
Lorraine, 2 avenue de la Forêt de Haye, 54505 Vand?uvre lès Nancy, Lorraine,France 

Antioxidant active packaging is a promising technology for oils and oily foods protection. To produce healthier foods,
the amount of directly added antioxidants can be reduced by antioxidant active packaging. The release behaviour of
several natural and synthetic phenolic antioxidants including α-tocopherol, ascorbyl palmitate, butylated
hydroxyanisole(BHA), butylated hydroxytoluene(BHT), propyl gallate(PG), and tert-butylhydroquinone(TBHQ) from
PLA films into three food simulating liquids at two temperatures was investigated. PLA films containing 1% w/w of
antioxidants were placed in contact with 95%, 50% and 10% ethanol at 20°C and 40°C for 60 days, released
antioxidants were regularly measured by HPLC. Diffusion of the antioxidants showed a Fick?s behavior with a
diffusion coefficient (D) value between 10^-8^ and 10^-11^ cm^2^s^-1^ having 0-100% of release. The D coefficient
depended on temperature, simulant?s polarity, and molecular weights, Log P and molecular volume of antioxidants.
Consequently, a mathematical model based on experimental data developed with a 97% of accuracy. Accordingly, the
wide range of antioxidants release rate form PLA into food simulants offers PLA-antioxidant active packaging for oils,
oily foods and some milk products to provide safer and higher quality foods.
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 WEDNESDAY

MORNING

LOQ 4: Protein and Lipid Oxidation: Meat and Fish Oxidation

Chair(s): R. Nahas, Kalsec, USA; and J. Gerde, Iowa State University, USA

Oxidative Stability of Sardines as Related to Storage Conditions. V. Cardenia, M.T. Rodriguez-Estrada, E.
Baldacci, G. Lercker, Department of Food Science/Alma Mater Studiorum-Università di Bologna, Bologna, Italy

The aim of this research work was to evaluate the oxidative stability of fresh sardines as related to the storage
conditions. Whole sardines were stored at 4 ° C for 4 hours under light exposure and at dark. The lowest levels of
peroxide value (PV) (3.7 meq O2/kg fat), thiobarbituric reactive substances (TBARs) (0.6 mg MDA/kg meat),
cholesterol oxidation products (COPs) (0.6 μg/g muscle) and the highest level of polyunsaturated fatty acids (PUFA)
content (47.4%), especially PUFA n-3 (43.4%), were found in the fresh sardines (time zero). After light exposure,
PUFA dramatically dropped (up to a 19% decrease), leading to a marked increase of PV (11.8 meq O2/kg fat), TBARs
(3.7 mg MDA/kg meat) and COPs (3.7 μg/g muscle). Although cholesterol oxidation rate did not exceed 0.9%, further
research is required about toxicity levels of the single COPs, to better understand if the COPs levels found in fresh and
photoxidized muscle (0.62-3.72 μg/g of muscle) do not represent a risk for human health. 

Protein and Lipid Oxidation in Muscle Food. C.P. Baron, Technical University of Denmark, Kgs Lyngby, Denmark

Most of the research on oxidation in muscle food has been done on the oil fraction probably because their oxidation is
immediately noticeable as it results in the formation of significant off-flavour and gives a characteristic rancid taste. In
contrast, protein oxidation has only received some attention very recently. Perhaps, this is because oxidation of food
proteins results in more subtle changes that are not immediately perceives by the human senses but also due to the
complexity of the reactions involved. Compared to lipids, proteins are very large and complex molecules organised in
large structures and oxidation may lead to a great number of protein modifications. This presentation will focus on
protein oxidation and present the current understanding of protein oxidation in foods. In addition, the importance of
protein oxidation in fish and fish products will be demonstrated by taking two examples from our research and
litterature. A more fundamental understanding of the mechanism is still needed but protein oxidation in muscle food
should not be overlooked.

Lipid Oxidation: Carboxymyoglobin Interactions in Muscle Food Systems. S.P. Suman1, P. Joseph2, C.M. Beach3,
R.A. Mancini4, R. Ramanathan4, 1Department of Animal and Food Sciences, University of Kentucky, Lexington, KY
40546, USA, 2Department of Food Science, Nutrition and Health Promotion, Mississippi State University, Mississippi
State, MS 39762, USA, 3Proteomics Core Facility, University of Kentucky, Lexington, KY 40506, USA, 4Department
of Animal Science, University of Connecticut, Storrs, CT 06269, USA

Lipid oxidation compromises myoglobin stability and accelerates meat discoloration. Carboxymyoglobin became
relevant in food industry with the approval of carbon monoxide (CO) in modified atmosphere packaging (MAP)
systems for meat retailing. Recent studies demonstrated that CO-treated meats respond to antioxidants in a manner
different from conventionally bloomed meat. Antioxidants such as lactate and chitosan were more effective in
improving raw surface color, inhibiting rancidity, and minimizing premature browning of beef in CO MAP than in
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oxygen-rich packaging. These findings suggested the necessity to engineer packaging-specific antioxidant strategies to
minimize lipid oxidation and meat discoloration. On the other hand, mass spectrometric investigations indicated that
the biomolecular interactions between reactive lipid oxidation products and cherry-red myoglobin redox forms
(carboxymyoglobin and oxymyoglobin) were similar. Hydroxynonenal, a reactive secondary lipid oxidation product,
formed adducts with histidines at positions 24, 36, 48, 81, and 93 in carboxymyoglobin as well as oxymyoglobin.
Further research should examine the roles of sarcoplasmic proteins and mitochondria in the oxidative stability of CO-
treated fresh meats and the possibility of lipid oxidation-mediated heme loss in carboxymyoglobin.

Use of Iron Chelators to Control Lipid Oxidation and Color Loss in Red Meats. K. Allen, Utah State University,
Logan, UT, USA

The Effect of Market Needs on the Formulation and Flavor-Life of Value-added Meats. T. Jones, M. Peltz, L.
Burroughs, A. Uhlir, Kalsec, Inc., Kalamazoo, MI, USA

The shift in consumer interests from what's for dinner to what's in dinner has played a significant role in processing
techniques and selection of oxidation inhibitors for value-added meat products. Heightened concern about the potential
risk for zoonotic diseases; and, increased awareness about the nutritional benefits of polyunsaturated fatty acids are two
examples where market needs have challenged food product developers. Our paper presents data describing the
selection, application and effectiveness of oxidation inhibitors in: high hydrostatic pressurized beef (a technique to
inhibit the growth of pathogens in value-added "natural" and reduced sodium meat products); value-added products
processed from grass fed beef (lower omega-6/omega-3 fatty acid ratios); and, grain fed (higher omega -6/ omega-3
fatty acid ratios) pork.

LOQ 4.1: The Effect of Oxidation Products on Health

Chair(s): R. Nahas, Kalsec, USA; and C. Jacobsen, Technical University of Denmark, Denmark

Biological Functions of Histidine-Dipeptides. K. Yeum1, G. Aldini2, 1Jean Mayer USDA-Human Nutrition Research
Center on Aging, Tufts University, Boston, MA 02111, USA, 2Department of Pharmaceutical Sciences, Milan, Italy

The oxidation of polyunsaturated fatty acids and sugars produces reactive carbonyl species (RCS). Due to the
electrophilic nature of RCS, they react with nucleophilic sites of proteins and DNA, resulting in cellular dysfunction.
In an effort to identify an effective RCS sequestering agent, we firstly demonstrated in vitro that histidine-dipeptides
such as carnosine (β-alanyl-L-histidine) and anserine (β-alanyl-methyl-L-histidine) detoxify RCS by forming
unreactive adducts. More recently, we reported that carnosine treated obese Zucker rats showed significantly reduced
protein carbonylation, improved collagen solubility, increased Michael adducts between carnosine and RCS in the
urine, and reduced metabolic disorders. On the other hand, carnosine was not detected in human blood after ingesting
pure carnosine in our study indicating rapid hydrolysis by carnosinase in human blood. Further, our pharmacokinetic
study utilizing histidine-dipeptides rich chicken breast in humans showed that only anserine, not carnosine, was
circulating in blood after ingesting chicken. Therefore effective cytotoxic RCS sequestering agent such as dietary
histidine-dipeptides in particular anserine, which is more resistant to human blood carnosinase, can be an effective
defense strategy against oxidative stress associated chronic diseases in humans. [Supported by USDA 58-1950-7-707,
USA]

Free Radical Lipid Peroxidation: Mechanism, Analysis and Biological Relevance. Huiyong Yin, Laboratory of
Fatty Acid Metabolism in Human Nutrition and Related Diseases, Institute for Nutritional Sciences, Shanghai Institute
for Biological Sciences, Chinese Academy of Sciences, Shanghai, China

Free radical-initiated autooxidation of polyunsaturated fatty acid (PUFA)-containing cellular lipids has been implicated
in many human diseases including atherosclerosis, neurodegeneration and cancer. However, the exact chemical
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mechanisms/products that are involved in this process are still poorly understood. Moreover, how to assess the
oxidation of these lipids in vivo poses a tremendous challenge due to the complex nature of free radical reactions. We
will summarize our efforts to understand the chemical mechanisms of free radical lipid peroxidation, develop state-of-
the art analytical techniques to assess the oxidation products in vitro and in vivo, and study the biological activity of
the oxidation products. Autooxidation of PUFA generates lipid hydroperoxides as primary oxidation products, and
further oxidation leads to cyclic peroxides as secondary oxidation products. Among these hundreds of products,
isoprostanes (isomers of prostaglandins) represent a major class of stable oxidation products that have been evolved as
a good standard to assess oxidant stress status in vivo. Several mass spectrometry-based methods have been developed
to characterize and quantify these compounds. Furthermore, some of these compounds exert potent biological activity
and potentially mediate some of the adverse effects of oxidant injury.

Oxidative Fate of Unsaturated Lipids in Food and During Digestion ? Possible Metabolic Significance. C.
Genot1, A. Meynier1, M. Awada2, M.C. Michalski2, 1INRA UR1268 Biopolymères Interactions Assemblages, Nantes,
France, 2INSERM U1060, INRA USC1235, Lyon University, Univ Lyon-1, INSA-Lyon, CarMeN Laboratory,
Villeurbanne, France

To prevent prevalence of metabolic disorders associated to excessive intake of fat, it is recommended to reduce
consumption of saturated fat and to increase dietary intake of n-3 polyunsaturated fatty acids (PUFA). We will first
shortly review, how improving lipid profiles through an increase of PUFA supply increases risks of peroxidation
during food processing and during digestion, with possible negative consequences for food technological, sensory and
nutritional properties, including effects on metabolic oxidative stress. To provide new data for evaluating the risks
linked to the absorption of lipid oxidation products we have (i) design model food matrices containing DHA either a
TAG or as PL, (ii) develop methods, adapted from biological field, to quantify selected markers of lipid oxidation
within the food chain, (iii) assess in vitro absorption and metabolic impact of oxidized lipids (intestinal cells) and in
vivo their metabolic impact on oxidative stress (mice). Our recent results show that oxidized n-3 PUFA in the diet may
induce oxidative stress and inflammation, both in the intestine and in plasma. Therefore, innovative food formulations
should integrate protection of PUFA against oxidation both during the food lifetime and digestion.This work is carried
out within project AGEcaninox, ANR-08-ALIA-002

Healthy Oil Development with Focus on Both Antioxidant and Heart Health Impact. R. Jonas, PL Thomas,
Morristown, New Jersey, USA

The advent of new combinations that can both protect omega oil, and other oils from oxidation, while providing an
additional impact on Heart Health are now available to be employed. While it is important to have clinical studies even
more impactful is endorsement with an EFSA claim. The monitoring of LDL levels is important but now the
prevention of oxidation of LDL is discussed as a large threat to health. The emergence of an extract from oil that helps
prevent LDL oxidation will be highlighted and discussed as a means to promote health and make a more value-added
oil product.

Targeting Mitochondria to Improve Antioxidant Activity of Polyphenols through the Grafting of Lipid Moiety.
Christelle Bayrasy1,2, Mickael Laguerre1, Jerome Lecomte1, Chantal Wrutniak-Cabello2, Gerard Cabello2, Erick
Decker3, Pierre Villeneuve1, 1CIRAD UMR IATE, Montpellier, France, 2INRA, UMR DMEM, Montpellier, France,
3Dept of food Science, University of Massachusetts, Amherst, USA

Nowadays, it is admitted that cancers are partly induced by oxidative stress caused by an imbalance between ROS and
antioxidants. Since mitochondria are the major site of ROS production, they represent a prime subcellular target to
deliver antioxidants. To target mitochondria and consequently to improve the antioxidant properties, we developed a
brand new strategy consisting in fine-tuning the hydrophobicity of phenolic compounds by the grafting of lipid chain.
This lipophilization has been achieved on rosmarinic acid to obtain rosmarinate esters with varying alkyl chain length
(C1-C18). The incubation of these lipophilized antioxidants on ROS-overexpressing fibroblasts showed a cut-off effect
of the alkyl chain length on the antioxidant activity with an optimal activity for the decyl rosmarinate. Interestingly, we
evidenced by confocal microscopy that esters localize in different subcellular compartments: mitochondria for medium
chain and cytosol for short and long chain. Furthermore, dynamic light scattering demonstrated that rosmarinate esters
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with medium and long alkyl chains-assemble in aggregates. These results suggested that the penetration of antioxidant
in mitochondria is dependent on the aggregates size and antioxidant hydrophobicity. An adequate structure of the ester
is important to enter the mitochondria.

AFTERNOON

LOQ 5: General Lipid Oxidation

Chair(s): X. Pan, Solae, LLC, USA; and U. Thiyam-Hollaender, University of Manitoba, Canada

Antioxidant Activity of Canolol Isolated from Canola. Usha Thiyam-Holländer1, 1RCFFN, Winnipeg,MB, Canada,
2Human Nutritional Sciences, Winnipeg,MB, Canada

This paper will discuss a project investigating value-addition to canola by identifying phenolics with nutraceutical
potential. The discussion will expand to several systems tested until now. It is generally accepted and well known that
canola is a powerhouse of many endogenous phenolics. Hulls, cotyledons, oils, meals have variable phenolics. An
outcome of the project is technology that can be tailored to a given needs and target (specific) antioxidant.
Fractionated extracts and standards were tested and the efficacy as an antioxidant evaluated. Antioxidants were
evaluated in bulk lipid and emulsion.

The Role of Iron on the Effectiveness of Antioxidants in Bulk Oil. B.C. Chen, D.J. McClements, E.A. Decker,
University of Massachusetts, Amherst, MA,USA

The effect of high-valency (FeIII) and low-valency-state (FeII) iron on the depletion of antioxidants (Trolox and α-
tocopherol) in the presence or absence of phospholipid reverse micelles was investigated in medium chain
triacylglycerols (MCT) bulk oil model system. The aim of this study was to establish and discuss potential transition
metal-mediated pro-oxidative reactions. Changes in antioxidants depletion were investigated by HPLC. The important
role of Fe(III) in consuming both hydrophilic Trolox and lipophilic α-tocopherol was confirmed. However, α-
tocopherol was more quickly consumed than Trolox in MCT, which also showed evidence of the higher effectiveness
of Trolox in bulk oil to protect lipid oxidation. Fe(II), which had barely effect on antioxidants depletion, decomposed
lipid hydroperoxides to free radicals in MCT as indicated by EPR study. DOPC reverse micelles were able to protect
antioxidants from being consumed by Fe(III). The new strategy to prevent lipid oxidation was developed in stripped
soybean oil (SSO) by added Fe(III) binding chelator-DFO and oxidation kinetics was evaluated in this system by
measuring primary and secondary oxidation products. The oxidative stability of SSO containing reverse micelles was
extended remarkably from 2 to 7 days with regard to the lag phase in the presence of DFO. 

Antioxidant Protection of n-3 PUFA Enriched oil by Synergic Antioxidants at Different Temperature. YR Jiang,
YQ Zhang, JM Liang, FH Niu, Wilmar Biotechnology R & D Center (Shanghai) Co., Ltd., SHanghai, China

Inadequate intake of n-3 PUFA such as EPA and DHA has received increasing attention for their health aspects. More
and more PUFA enriched food has been developed. However, susceptibility of oxidation of PUFA limits their
application in food especially at high temperature. Developing antioxidants effective at high temperature is extremely
important. The activity of antioxidants could be affected by temperature. This work is to investigate the antioxidant
protection of PUFA in cooking oil by synergic antioxidants at different temperature. Antioxidant activity of
tocopherols and ascorbic palmitate (AP) have been tested in PUFA enriched cooking oil (5.5% DHA&EPA) separately
or combined at 60, 100 and 180 oC. 180 oC was chosen because mos stirr-fying and deep frying in oil is arround 180
centigrade.TBHQ was chosen as control. FAC, peroxides, p-anisidine value, conjugated diene and triene, polymer and
the PUFA absence were measured to evaluate the oxidation PUFA enriched sunflower oil. It was found that antioxidant
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activity of binary AP and Tc at 180 oC was higher than TBHQ (P>0.05) and vice versa at 60 and 100 oC (P>0.05).
PUFA in cooking oil was protected better at at 180 centigrade by binary AP and Tc than TBHQ. It was also found that
the synergism of AP and Tc was higher at 180 oC than that at 60 and 100 oC (P>0.05).

Effect of Thiol-quinone Reactions on Polyphenol and Lipid Instability in Foods. Nausheel Unnadkat, Ryan Elias,
The Pennsylvania State University, University Park

The addition of polyphenols to foods is limited by their chemical instability, as they are oxidized under many
conditions. Polyphenols bearing catechol or gallate groups, when oxidized to their benzoquinone forms, are strong
electrophiles capable of reacting with nucleophilic thiols by 1,4-Michael addition reactions. We hypothesize that thiols
accelerate catechol oxidation by capturing quinones via their sulfhydryl groups, thereby increasing hydrogen peroxide
(H2O2) that can promote lipid oxidation. The stability of (-)-epigallocatechin gallate (EGCG) in the presence of thiol-
containing species (cysteine, glutathione, 3-mercaptohexan-1-ol, β-lactoglobulin) was measured in a food o/w
emulsion. Thiols inhibited browning by interfering with EGCG polymerization, although both cysteine and glutathione
increased the rates of EGCG oxidation and H2O2 production. EGCG oxidation and H2O2 formation rates were lower
in the presence of β-lactoglobulin; however, EGCG was significantly more stable after the protein?s cysteine residues
were blocked with N-ethylmaleimide. Despite the increase in H2O2 production rate in presence of thiols, a net
antioxidant effect in emulsions was observed. These results suggest that thiols in foods accelerate polyphenol oxidation
and H2O2 generation, yet this does not compromise the oxidative stability of food lipids.

Oxidative Characteristics of Polar Lipids and Their Antioxidant Activity. Junki Shimajiri Miyashita1, Masahi
Hosokawa1, Kazuo Miyashita1, Makoto Shiota2, 1Faculty of Fisheries Sciences, Hokkaido University, Hakodate,
Hokkaido, Japan, 2Milk Science Research Institute, Megmilk Snow Brand Co., Ltd., Kawagoe, Saitama, Japan

Although the nutritional importance of omega-3 polyunsaturated fatty acids (PUFA) such as eicosapentaenoic (EPA;
20:5n-3), and docosahexaenoic (DHA; 22:6n-3) acids has been proven beyond any doubts through research works
across the globe, these PUFA are much more susceptible to oxidation because of their high degree of unsaturation. The
present paper showed the synergistic effect of polar lipids (PL) on the activity of α-tocopherol to prevent the oxidation
of EPA and DHA-rich fish oil triacylglycerol (TAG). Four types of PL and its hydrolyzed products were used in this
study, namely, phosphatidylcholine (PC), phosphatidylethanolamine (PE), milk ceramide (Cer), milk sphingomyelin
(SPM), and sphingosine, a hydrolyzed product of Cer and SPM. The addition of each PL to fish oil TAG had no effect
on its oxidation. On the other hand, significant synergistic activity was found in PE, Cer, SPM, and sphingosine in the
presence of α-tocopherol. The activity was observed remarkably in the addition of two kinds of sphingosines, D-
erythro-sphingosine and D-erythro-dihydro-shingosine. The fish oil TAG oxidation was effectively inhibited under the
presence of α-tocopherol (0.05%) and both shingosines (1%) for more than 1000 hr, while the oxidation was
accelerated within 100 hr for α-tocopherol alone and within 200-300 hr for α-tocopherol + PE, Cer, or SPM.

Is Solid Phase Microextraction (SPME) an Appropriate Method for Extraction of Volatile Oxidation Products
from Complex Food Systems? C. Jacobsen, F.S.H. Lu, A. F. Horn, L. Berner, National Food Institute, Technical
University of Denmark, Kgs. Lyngby, Copenhagen, Denmark

Volatile secondary lipid oxidation products can be identified and quantified by GC-FID or GC-MS. An extraction step
is, however, needed before GC analysis. A range of different extraction methods are available such as static headspace,
dynamic headspace and SPME. Among the advantages of the SPME method are its high sensitivity compared to static
headspace and that it is less laborious than the dynamic headspace method. For these reasons, the use of SPME has
increased during the last decade. The extraction efficiency obtained with the SPME method can be affected by
different factors such as fiber type, extraction temperature and time. These factors can easily be controlled and
optimized to obtain the highest possible extraction efficiency. However, extraction efficiency can also be affected by
uncontrollable factors such as batch to batch variation between fibers and presence of compounds in the sample matrix,
which compete with the compounds of interest for adsorption to the SPME fiber. Examples on how uncontrollable
factors have affected results obtained with the SPME method in the lab of the authors will be given and the
appropriateness of the SPME method for the analysis of volatile oxidation products in selected food systems will be
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discussed.

Looking Beyond Hydrogen Abstraction in Lipid Oxidation: Evidence of Alternate Pathways in Non-volatile
Products. J. Xie, K. Schaich, Rutgers University, New Brunswick, NJ, USA

A new reaction scheme that integrates traditional hydrogen abstraction with competing alternate pathways including
addition, internal rearrangement, and scission has been proposed to more completely account for lipid oxidation
products and kinetics. The balance between these alternate pathways changes with reaction conditions, altering product
levels and distributions. We report here studies of competing reactions in methyl linoleate (ML) oxidized under
varying conditions (temperature, oxygen level, sample concentration, solvent, moisture) using chemical and HPLC
assays of conjugated dienes (CD), hydroperoxides (LOOH), aldehydes (Ald), alcohols and epoxides to track oxidation
kinetics and product distributions. Measures of non-volatile and volatile products are integrated to determine active
reaction pathways. Product kinetics in neat ML are inconsistent with the expected derivative sequence
CD→LOOH→ALD and equal reaction at C9 and C13. Both volatile and non-volatile products show C13 as the
dominant reaction center. Several epoxides accumulate at high levels, each with different kinetics. Integration of assays
shows clearly that more reactions are active than are being considered.

Lipid Oxidation and Quality Posters

 Chair(s): A. Logan, CSIRO, Australia

Prooxidant Activity of Polar Lipid Oxidation Products in Bulk Oil and Oil-in-Water Emulsion.
Ketinun Kittipongpittaya, Bingcan Chen, Atikorn Panya, David Julian McClements, Eric Andrew Decker, University
of Massachusetts, Amherst, MA, USA

Lipid oxidation products arise when oils are subjected to high temperature and exposed to oxygen. Many of them have
higher polarity than the original triacylglycerols due to the incorporation of oxygen. These polar oxidation products
could have a negative impact on oxidative stability by acting as prooxidants. In this study, the influence of polar lipid
oxidation products on the oxidative stability of bulk oils and oil-in-water emulsions was investigated. Polar
compounds were isolated from used frying oil by silica gel column chromatography. They were added to bulk stripped
corn oil (with/without reverse micelles formed by dioleoyl phosphatidylcholine, DOPC) and oil-in-water (O/W)
emulsion to evaluate their prooxidative activity. Polar compounds increased lipid oxidation in bulk oil with and
without DOPC. The presence of DOPC reverse micelles decreased the prooxidant activity of the polar oxidation
products. On the other hand, there was no significant effect of the polar compounds on oxidation of O/W emulsions.
To gain better understanding of the polar compounds responsible for the prooxidant effect, linoleic acid and linoleic
hydroperoxide were added into bulk oil at the same concentration as those in the polar fraction of the frying oil.
However, they did not show prooxidative activity compared to the control.

A DSC Study of the Autoxidation of Chia - Sunflower Oil Blends.
E.N. Guiotto1,2, V.Y. Ixtaina1,2, S.M. Nolasco2, M.C. Tomás1, 1Centro de Investigación y Desarrollo en
Criotecnología de Alimentos (CIDCA), (Facultad de Ciencias Exactas (FCE) UNLP, CONICET), La Plata, Buenos
Aires, Argentina, 2Facultad de Ingenieria, Universidad Nacional del Centro (UNCPBA), Olavarría, Buenos Aires,
Argentina

Differential scanning calorimetry (DSC) was applied to study the thermoxidation of chia - sunflower oil blends. The
thermoxidation of sunflower oil, chia oil -rich in omega-3 fatty acids- and their mixtures (sunflower:chia 80:20 and
90:10 wt/wt) were investigated under non-isothermal conditions (10 - 350°C) under an oxygen atmosphere at different
heating rates ( β= 2.5; 5.0; 10.0; 15.0 and 20.0ºC/min). The thermograms showed two peaks associated with the
primary and secondary lipid oxidation products. Temperatures of the extrapolated start of oxidation (Te) and the
maximum heat flow (Tp1 and Tp2) were determined from each thermogram and used to calculate the activation
energy (Ea) and the Arrhenius kinetic parameters of thermal-oxidative decomposition of these oils, using the Ozawa-
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Flynn-Wall (OFW) method. Chia and sunflower oils recorded the lowest and the highest values of Te, Tp1 and Tp2,
respectively. Activation energy (Ea) of the thermoxidation of chia seed oil (onset) was 79.78 kJ/mol and increased up
to 88.22 and 89.41 kJ/mol in case of sunflower:chia oil blends (80:20 and 90:10), respectively, and up to 99.48 kJ/mol
for sunflower oil. This information shows the more susceptibility associated with chia seed oil in terms of oxidation
mainly due to its fatty acid composition.

Oxidation in mayonnaise made by mixing different mayonnaises.
P Raudsepp1, DA Brüggemann1, ATM Lenferink2, C Otto2, ML Andersen1, 1Department of Food Science, University
of Copenhagen, Denmark, 2Faculty of Science and Technology, Medical Cell Biophysics, University of Twente,
Netherlands

Two mayonnaises were made either from saturated medium chain triglyceride (MCT) or unsaturated linseed (LSO) oil.
Mixed mayonnaises were made of MCT and LSO mayonnaises in different ratios. The composition and spatial
distribution of lipids in mayonnaises were studied by hybrid Raman confocal microscopy. Oxidative stability was
examined by oxygen consumption measurements and detection of radical reactions by electron spin resonance (ESR).
Hybrid Raman confocal microscopy showed the droplets in the mixed mayonnaises remained intact. The droplet
composition was either of MCT or LSO oil. In case of emulsion breakage the droplets′ gave signals of a mixture of
both oils. Oxygen consumption experiments confirmed LSO mayonnaise was more prone to lipid oxidation than MCT
mayonnaise. A mixed mayonnaise was less prone to oxidation compared to the pure mayonnaise with the same amount
of LSO. ESR studies were based on the reaction of the stable radical TEMPO with radicals. The measurements showed
that in case of MCT and LSO mayonnaises, similar rates of loss of TEMPO were observed, but with pure oils the rates
were very different. The ESR experiments support the assumption that the oxidation is initiated in the aqueous phase.
However the presence of MCT in isolated oil droplets in the mixed mayonnaise affects the rate of oxidation of LSO in
separate droplets.

Effect of Thiol-Quinone Reactions on Polyphenol and Lipid Instability in Foods.
N.R. Unnadkat, R.J. Elias, Pennsylvania State University, University Park, PA, USA

The addition of polyphenols to foods is limited by their chemical instability, as they are oxidized under many
conditions. Polyphenols bearing catechol or gallate groups, when oxidized to their benzoquinone forms, are strong
electrophiles capable of reacting with nucleophilic thiols by 1,4-Michael addition reactions. We hypothesize that thiols
accelerate catechol oxidation by capturing quinones via their sulfhydryl groups, thereby increasing hydrogen peroxide
(H2O2) that can promote lipid oxidation. The stability of (-)-epigallocatechin gallate (EGCG) in the presence of thiol-
containing species (cysteine, glutathione, 3-mercaptohexan-1-ol, β-lactoglobulin) was measured in a food o/w
emulsion. Thiols inhibited browning by interfering with EGCG polymerization, although both cysteine and glutathione
increased the rates of EGCG oxidation and H2O2 production. EGCG oxidation and H2O2 formation rates were lower
in the presence of β-lactoglobulin; however, EGCG was significantly more stable after the protein?s cysteine residues
were blocked with N-ethylmaleimide. Despite the increase in H2O2 production rate in presence of thiols, a net
antioxidant effect in emulsions was observed. These results suggest that thiols in foods accelerate polyphenol oxidation
and H2O2 generation, yet this does not compromise the oxidative stability of food lipids.

Kinetic Analysis for Water-soluble Free Radical Induced Oxidation of Biomembrane Lipids.
Yuko Sukegawa, Yuya Kimura, Kazunori Nakashima, Naomi Shibasaki-Kitakawa, Toshikuni Yonemoto, Tohoku
University, Sendai, Japan

Biomembrane oxidation is known to play an important role in pathogenesis of lifestyle-related diseases. The basic
structure of biomembrane is a lipid bilayer consisting of phospholipid and cholesterol. The water-soluble free radicals,
generated in blood, attack the membrane and induce lipid oxidation. The water-soluble antioxidants in blood and/or
the lipid-soluble antioxidants in the membrane prevent the lipid oxidation. The biomembrane oxidation proceeds via
complicated mechanisms involving co-oxidation and anti-oxidation concerned with free radicals, lipids and
antioxidants. It is important to clarify the respective mechanisms for understanding and preventing the biomembrane
oxidation. In this research, the water-soluble free radical induced oxidation experiments were performed under various
conditions by using the liposome system consisting of non-oxidizable and/or oxidaizable phospholipids and cholesterol
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as a model system. A kinetic model was constructed by incorporating free radical formation in water phase, mass
transfer of the radical to oil-water interface, initiation reactions of each lipid by the radical at the interface, chain
oxidation of each lipid and co-oxidation of both lipids in lipid phase. The model well described the oxidation behavior
of liposomal phospholipid and cholesterol induced by the water-soluble free radical.

Sensitivity and Reliability of Oxidative Stability Index on the Evaluation of the Efficacy of Antioxidants in Fish
Oil.
Weerasinghe M. Indrasena, Jaroslav A. Kralovec, Ocean Nutrition Canada, Nova Scotia, Canada

A variety of analytical and subjective methods are available for the determination of the level of oxidation of
unsaturated fatty acids in fats and oils. Peroxide values and p-anisidine values are commonly used to monitor the early
stages of oxidation of oil and a series of data are required to determine the actual shelf life of any oil product.
Induction time obtained as the inflection point of the conductivity curve against incubation time is used to determine
the oxidative stability of oil and it has been known to provide a characteristic value for the oxidative stability of a
variety of industrial oils. However, the possibility of using induction time data on the evaluation of different
antioxidants is not certain due to different properties of antioxidants. Induction times of a variety of antioxidants along
with their corresponding PV, p-AV and sensory properties during storage were monitored to investigate the feasibility
of evaluating the effect of antioxidants using OSI data. Antioxidants with peroxide and free-radical scavenging
properties have considerable effect on the induction time of the oil. While there was no positive correlation between
the sensory properties and OSI, some induction time data can be used to evaluate the oxidative stability of certain
antioxidants. This presentation is mainly focused on the possibility of using induction times on the initial oxidation of
fish oil containing different antioxidants and their sensory properties during storage.

Optimization of Amylose-stearic Acid Complex Formation using Modified Potato Starch.
E. Arijaje, Y. Wang, U. Shah, A. Proctor, University of Arkansas, Fayetteville, Arkansas, USA

Amylose-lipid complexing could provide oxidation protection for unsaturated fatty acids. The objective of this
preliminary study was to investigate the effect of stearic acid on an amylose-stearic acid complex on amylase stability.
The affect of beta-amylase hydrolysis and acetylation on potato starch was studied. The β-amylase-treated potato
amylose had a typical B-type X-ray patterns of retrograded amylose. When stearic acid was added to potato amylose,
the V-type structure of amylose-lipid complex appeared, although the B-type structure was still present. When stearic
acid was added to β-amylase-treated potato amylose, the V-type structure became more prominent and the B-type
structure was less pronounced. The V-type structure became dominant while the B-type structure disappeared when
acetylated potato amylose was used. The β-amylase treatment resulted in more stable amylose-stearic acid complex as
shown by its higher melting temperature. Acetylation inhibited amylose retrogradation and improved complexation.
Reducing amylose degree of polymerization improved amylose-stearic acid complexation. However, high acetylation
did not improve complexation of β-amylase treated amaylose. Optimum amylose acetylation and degree of
polymerization was determined for stearic acid complexation and complex stability.

Themal Behavior of Sterculia Striata Oil.
Maria B. Mangas, Vinicius M. Mello, Paulo A. Z. Suarez, Laboratório de Materiais e Combustíveis - Universidade de
Brasília, Brasília, DF, Brazil

The thermal behavior of Sterculia Striata oil, which is rich in fatty acids containing a cyclopropene ring in their chain,
mainly sterculic (8-(2-octylcycloprop-1-en-1-yl)octanoic acid) and malvalic (7-(2-octylcycloprop-1-en-1-yl)heptanoic
acid) acids, is evaluated. The thermogravimetric analysis (TGA) has shown that the decomposition of oil starts at
180°C and ends at 500°C. The differencial scanning calorimetric (DSC) analysis indicates two exothermic events of
energy transition, one of which could be related to the opening ring in cyclopropenoids fatty acids and another to the
decomposition of the oil. The IR analysis revealed that the opening process of the cyclopropene ring starts at 150°C.
This process might occur with the involvement of an intermediate which may be considered to be either a diradical or
a vinylcarbene. As the reaction was performed at high temperatures, we believe that the first one is more stable. This
species undergoes dimerization to form a 1,3-diene and then, by a Diels-Alder process, form an alkene. The IR of the
oil at temperatures above 300°C, indicates the presence of bands at 1641 cm-1 which can be related to the stretching
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C=C in alkenes. The NMR analysis has confirmed the previous observations.

Effect of Natural Antioxidants on Soy Oil Conjugated Linoleic Acid Production.
Camille Schaffner, Reddy Yettella Ramesh, Andrew Andrew Proctor, University of Arkansas, Fayetteville, AR, USA

Studies have shown that CLA plays anti-diabetic, anti-obesity and anti-atherogenic roles. Conjugated linoleic acid
(CLA)-rich soy oil has been produced by photo-isomerization of soy oil linoleic acid. Recent studies showed that the
presence of mixed soy tocopherols during processing enhanced CLA yield. The objective of this study was to
determine the effects of other natural antioxidants systems on CLA yield during photoisomerization of soy oil. Soy oil
with added antioxidants consisting of rosemary extract (RME), mixed tocopherols (MT), and catechin were photo-
isomerized to produce CLA-rich soy oil. CLA levels in soy oil were determined by GC-FID gas chromatography of
fatty acid methyl esters. All determinations were made in duplicate. Soy oil photo-isomerized with RME had
significantly higher CLA yield (29.4%) relative to control (24.4%). These preliminary results suggest that various
natural antioxidants could be used to increase CLA yield during photoisomerization.

Characterization and Antioxidant Properties of Red and Green Capsicum annuum L. Kulai and Red Capsicum
frutecens Seed Oils.
S.P. Chee, W.F. Leong, School of Science, Monash University Sunway Campus, Bandar Sunway, Selangor, Malaysia

Chili Kulai (Capsicum anuum L. Kulai) and chili Padi (Capsicum frutescens L.) are popular hot chili species cultivated
in Malaysia. In food preparation or processing, chili seeds are often discarded for various reasons. The purpose of this
study was to study the red chili Kulai (RK), green chili Kulai (GK), red chili Padi (RP) and green chili Padi (GP) seed
oil extracted from the chili seed waste in terms of colour, viscosity and antioxidant activities. There was significant
difference (p < 0.01) in the CIE L*, a* and b* coordinates, overall colour, chroma and hue angle of all chili seed oils.
At fixed ambient temperature (25 ± 0.01 °C), viscosity of GK seed oil was highest, followed by RP, RK and GP seed
oils at shear rate of 10/s. Total phenolics content in methanolic GP seed oils was significantly (p < 0.01) higher than
RP seed oil, followed by GK and RK seed oils. The same trend was observed in the DPPH and ABTS radical
scavenging activities, ferric reducing antioxidant power. The GP seed oil had the highest ferrous ion chelating ability.
The exceptionally high anti-radical efficiency and reducing power of chili Padi seed oils is a potential dietary source of
natural antioxidants.

Benchtop EPR for Measuring Oxidative Stability of Olive Oil.
K. Ranguelova, D. Barr, Bruker BioSpin Corp., EPR Division, Billerica, MA, USA

Vegetable oil oxidative rancidity is a major problem in food industries. It is due to the oxidation of unsaturated fatty
acids during storage and subsequent formation of aldehydes, ketones, and alcohols that exhibit foul odors and tastes. A
number of factors, such as oxygen, temperature, presence of metals and light affect olive oil oxidation. Oxidation
resistance of virgin olive oil relates to the high monounsaturated triacylglycerol levels and the presence of natural
antioxidants. Transition metals are known virgin olive oil contaminants and may act as pro-oxidant factors because
they catalyze both free radical generation and decomposition of hydroperoxides. Free radicals were detected via
electron paramagnetic resonance (EPR) to determine free radical formation in olive oil during punishment at 70°C.
Alpha-phenyl N-tertiary-butyl nitrone (PBN) was used to trap free radicals and to monitor their formation in five olive
oil samples. PBN was added at different stages during the punishing period of three weeks prior to the EPR
measurements. The free radical formation endpoint after a 60 min assay was compared with peroxide values (PV)
measured simultaneously. We found a dramatic increase in the free radical formation (via EPR) even during the early
stages of oil punishment. Meanwhile, PVs exhibited no significant change until substantially later in the punishment
period (several days). The results show that EPR is not only an easy assay to perform, but is also more discriminating
than the peroxide value assay (particularly at lower levels of punishment). We also used EPR to study the effect of
iron-catalyzed free radical formation in olive oil, which is helpful to estimate olive oil oxidative stability against metal-
induced oxidation.

Simultaneous Identification of 4-hydroxy-2-hexenal and 4-hydroxy-2-nonenal in Foods by Fluorometric RP-
HPLC and TLC.
Ryusuke Tanaka, Yoshimasa Sugiura, Teruo Matsushita, National University of Fisheries, Shimonoseki, Yamaguchi,
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Japan

In this study, we develop a RP-HPLC and TLC method with fluorometric detection for the simultaneous quantitation
of 4-hydroxy-2-hexenal (HHE) and 4-hydroxy-2-nonenal (HNE) in foods by using 1,3-cyclohexanedione reagent.
This method provides good resolution and reproducibility. RP-HPLC is conducted with a gradient system using a
mobile phase of methanol–water–?tetrahydrofuran (75:25:1, v/v/v) and acetonitrile. The flow rate is 1.0 mL/min.
Fluorescence detection is performed at an exciting wavelength of 385 nm and an emission wavelength of 450 nm. The
limits of detection and quantitation for HHE and HNE are 160 and 149 nmol/mL, respectively. Validation data show
that the assay is sensitive, specific, accurate, and reproducible for the simultaneous quantitation of HHE and HNE. This
rapid method is, therefore, appropriate for quantitating HHE and HNE in fatty foods such as fish and animal meats.
Furthermore, only to check HHE and HNE in fatty foods, the analytical method by TLC using silica plate was also
developed. This method is conducted with a single solvent system using a mobile phase of chloroform–benzene–
acetone–acetic acid (50:10:40:1, v/v/v/v). Fluorometric detection is performed at an exciting wavelength of 385 nm
using commercial ultraviolet light. 

Controlling the Structure of the Interfacial Layer: A Key Factor to Protect Food Emulsions Against Lipid
Oxidation.
C. Berton, M.H. Ropers, C. Genot, INRA, UR1268 Biopolymères Interactions et Assemblages, F-44316 Nantes,
France

Food matrices are often described as oil-in-water emulsions. In these systems, the oil/water interface is assumed to
govern lipid oxidation. However, the experiments have been generally carried out with a large excess of unadsorbed
emulsifiers in the aqueous phase. This fraction intervenes in the oxidation reaction and the role of the interface in lipid
oxidation had therefore not been clearly elucidated yet.To clarify the role of the interface structure on lipid oxidation in
emulsions, we designed rapeseed-oil based emulsions stabilized with emulsifiers of several structures in taking care to
minimize the amount of unadsorbed emulsifiers. Chosen emulsifiers included native or denaturated proteins and non-
ionic or anionic surfactants, used alone or mixed together. Lipid oxidation developed faster when oil droplets were
covered by proteins or mixtures of emulsifiers. The involved interfacial layers were reconstituted on two-dimensional
films whose physical properties were characterized (ultrastructure through atomic force microscopy and miscibility of
emulsifiers through surface-pressure isotherms). The combined study of lipid oxidation in emulsions and planar films
enabled us to establish that the structural homogeneity of the interfacial layer is a key factor for the development of
lipid oxidation in emulsions.

Fatty Acids and Tocopherols Profile and Oxidative Stability of Pecan Nut Oil [Carya illinoinensis (Wangenh) C.
Koch].
A.C.P. Prado1, R. Luchtenberg1, D. Barrera-arellano2, F.C Deschamps3, J.M. Block1, 1Santa Catarina Federal
University, Brazil, 2Campinas State University, Brazil, 3Santa Catarina Agricultural Research and Extension
Corporation, Brazil

The oxidative stability in fats and oils depends on the degree of saturation, natural or added antioxidants, prooxidants
or prior abuse. In this study, pecan nut oil from a mixture of different varieties (Barton, Shoshone, Shawnee, Choctaw
e Cape Fear) and from the Barton were studied. The nuts were obtained from two different harvestings (2009 and
2010). The oil was obtained by cold pressing and the fatty acids profile, tocopherols profile and oxidative stability
were determined. According to the results the oleic and linoleic acid content for the mixture of varieties and for the
Barton variety were higher in the 2010 harvest. The tocopherols content was higher in the 2009 harvest (39.2 and 34.6
mg/100g for the mixture of the varieties and for the Barton variety, respectively). The peroxide values (0.38 and 0.91
mEq/Kg) were higher and the induction period were smaller (7.4 and 7.7 hours) in the 2009 harvest for the mixture of
the varieties and the Barton variety, respectively. A negative correlation (r2= -0.6618) for these variables was
observed. The pecan nut oil obtained by cold pressing showed a low concentration of tocopherols and a good oxidative
quality and stability.

Antioxidant Activity of Pecan Nut [Carya illinoinensis (Wangenh) C. Koch] Shell Extracts Obtained by
Different Extraction Methods.
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A.C.P. Prado, P.C. Engler, V.M. Hissanaga, P.S. Oliveira, J.M. Block, Santa Catarina Federal University,
Florianopolis, Santa Catarina, Brazil

Pecan nut processing results in a relatively high volume of shell (between 40 and 50%) production that may be an
alternative source of compounds with high antioxidant capacity. This work evaluates the antioxidant activity of extracts
of the pecan nut shell of the Barton variety (2010 harvest). The antioxidant activity was obtained by different
extraction processes. The antioxidant activity of the pecan shell alcoholic extract, infusion and infusion followed by
spray-dryer atomization was evaluated through the ABTS [2,2?-azino-bis-(3-ethylbenzotiazoline-6-sulphonic acid)]
and DPPH (2,2-diphenyl-1-picrylhydrazyl) methodology. According to the results, extracts obtained by infusion
followed by spray-drier atomization showed higher antioxidant activity (4124.8 e 4858.0 µM TEAC/g); followed by
the infusion extract (1809.0 e 2246.0 µM TEAC/g) and alcoholic extract (1562.5 e 2996.6 µM TEAC/g) in the ABTS
and DPPH methods, respectively. According to the results, the extracts showed a high antioxidant activity. The
efficiency of the extracts as a free radical scavenger was higher using the DPPH method in comparison with the ABTS
method.

Free Radical Scavenging Activities of Flax Cyclolinopeptides.
Oyunchimeg Sharav1, Denis P. Okinyo-Owiti2, Ramaswami Sammynaiken3, Martin J. T. Reaney2, 1Department of
Food and Bioproduct Sciences, University of Saskatchewan, Saskatoon, SK, Canada, 2Department of Plant Sciences,
University of Saskatchewan, Saskatoon, SK, Canada, 3Department of Chemistry, SSSC, University of Saskatchewan,
Saskatoon, SK, Canada

Freshly pressed flaxseed oil contains dissolved cyclic peptides (cyclolinopeptides or CLPs) that contribute to the
antioxidant activity. Our previous investigation showed that addition of CLPs to peptide-free oil could improve oil
oxidative stability. The CLPs may exert their effect through their free radical scavenging properties. CLPs that
contained methionine, tryptophan or neither of these amino acids were investigated employing electron paramagnetic
resonance spectroscopy (EPR). The CLPs showed remarkable radical scavenging activity for removal of 1,1-diphenyl-
2-2-picrylhydrazyl (DPPH) radical. Radical scavenging activity was dependent on CLP concentration and constituent
amino acids as was observed from EPR measurements. Tryptophan-containing cyclolinopeptides, CLPs G and G",
showed stronger scavenging activity than peptides that lacked this amino acid. Moreover, we observed that quenching
of DPPH radical could be activated by UV irradiation especially for tryptophan free peptides (CLP A, B, and C).
Novel reaction products between DPPH and methionine containing CLPs were detected by HPLC-MS analyses and
were characterized by HPLC-MS/MS. The results of free radical scavenging activity of CLPs and possible mechanisms
of radical scavenging will be presented and discussed.

Effect of the Simultaneous Interaction among Ascorbic Acid, Iron and pH on the Oxidative Stability of Oil-in-
Water Emulsions.
G.F. Branco1, M.I . Rodrigues2, L.A. Gioielli1, I.A. Castro1, 1Faculty of Pharmaceutical Sciences, University of São
Paulo, Sao Paulo, Sao Paulo, Brasil, 2Faculty of Food Engineering, University of Campinas, Campinas, Sao Paulo,
Brasil

The objective of this study was to demonstrate how different factors can simultaneously influence the oxidative
stability of an oil-in-water emulsion, and how these factors can be used to enlarge the variation range of oxidation
markers. A Plackett-Burman design was used to screen seven factors. A temperature elevation of 30 to 60°C reduced
PV and TBARS, a pH change from 3.0 to 7.0 increased PV and reduced TBARS, and the presence of ascorbic acid (1
mmol/L) had no significant effect on PV but increased TBARS (p<0.05). Thus, the temperature was fixed at 30°C, and
an emulsion was formulated with different combinations of ascorbic acid, iron and pH. The optimized emulsion
containing 1.70 mmol/L AH (ascorbic acid) and 0.885 mmol/L FeSO4 7H2O (1.0 mmol/L Fe2+) at pH 5.51 and 30°C.
The range of variation observed for oxidation markers in the optimized emulsion model (PV: 0 to 4.27 meq/L, TBARS:
0 -13.55 mmol/L) was larger than the variation observed in the non-optimized model (PV: 0 to 1.05 meq/L, TBARS: 0
-1.00 mmol/L). The antioxidant activity of six compounds was evaluated using the optimized emulsion conditions. The
samples that were not different (p<0.05) in the non-optimized emulsions showed a significant difference in the
optimized emulsions.
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Effect of Lipid Physical State on Beta-carotene Bleaching Kinetics.
S. Calligaris, S. Da Pieve, M.C. Nicoli, Dipartimento di Scienze degli Alimenti, Università di Udine, Udine, Italy

Although great efforts have been taken in the past to understand the chemical reactions involved in lipid oxidation,
only recently increasing attention has been paid to the effect of food structure on oxidation rate. In recent years it has
been reported that the physical state of lipids could greatly affect the oxidative reaction kinetics in foods. This research
is addressed to study the effect of lipid physical state on oxidation kinetics of beta-carotene. To this purpose, beta-
carotene was added to palm oil, palm oil derivatives and sunflower oil. The systems were stored at increasing
temperatures in order to obtained samples with different degree of crystallization. The beta-carotene oxidation kinetics
was followed by measuring color changes. Results evidenced that crystallization plays a critical role in determining
beta-carotene stability. Significant deviations from the Arrhenius equation were observed in partially crystallized
samples, whereas the Arrhenius behavior was fulfilled in liquid oil. The crystallization seems to induce an increase in
beta-carotene bleaching probably as a consequence of changes in reactant concentration and physicochemical
properties in the liquid oil surrounding fat crystals. These results appear of considerable interest in the attempt to
design health value added foods.

Antioxidant Determination in Coffee- and Cocoa-products; Effects of Technological Treatment.
Karina M. Zinatullina1, Roman V Perelet1, Ninel P. Khrameeva1, Olga T. Kasaikina2, 1Plekhanov Russian Economy
Academy, Moscow, Russia, 2Semenov Institute of Chemical Physics, Moscow, Russia

Antioxidants have an important impact on the organoleptic properties of coffee and cacao-containing products and
antioxidant activity is associated with possible health benefits. Cacao and coffee beans contain natural antioxidants,
especially polyphenols (flavanols). The aim of the study is to determine effects of technological processing on the
antioxidant (AO) content in coffee- and cocoa-products as compared with the AO content in initial beans and raw
cacao. The AO content in solid and oil products (raw cacao, chocolates, cocoa-oil, etc) were studied by kinetic method
using methyl linoleate oxidation, initiated with azo-bis-isobutyronitril (azobisisobutyronitrile), as a model reaction.
The AO content in coffee and cocoa drinks were determined by means of potentiometric evaluation based on the
potassium ferricyanide / potassium ferrocyanide mediator system. The AO content in green coffee beans and in coffee
drinks made from them were found to be higher than those in scorched beans and drinks derived. ?Espresso? contains
much more antioxidants than ?Americano?.Chocolate products have higher total flavanol content on a per weight basis
than many other plant-based foods and beverages. Unprocessed raw cacao contains more beneficial antioxidants than
other chocolate products, but processing decreases their contents. AO content was found to decrease sufficiently
during storage and processing at high temperature.

Antioxidant Activity and Oxidative Stability of Edible oils and Their Esterified Phenolic Lipids.
S. Aziz, S. Kermasha, McGill University, Department of Food Science and Agricultural Chemistry, Ste Anne-de-
Bellevue, QC, Canada

The research work was aimed at the determination of the antioxidant capacity (AOC), using oxygen radical absorbance
capacity (ORAC), as well as the oxidative stability by determining the peroxide value (PV) of phenolic lipids (PLs);
these PLs were obtained by lipase-catalyzed transesterification of selected edible oils (EOs), including flaxseed (FSO),
fish liver (FO) and krill (KO) oils with phenolic acids (PAs). The experimental results showed that all PLs exhibited an
enhanced AOC by 2.6 to 8-fold the AOC as compared to that of the EOs. The statistical analyses revealed that the
difference in AOC between that of PLs and their controls was significant (P <0.05) for the esterified FO (EFO) and
KO (EKO). To evaluate the oxidative stability, EOs and their esterified products were subjected to two accelerated
oxidation tests, where the PV was determined by potentiometric titration. When PLs were placed open in the dark at
25ºC, there was no significant difference (P >0.05) as compared with the controls with the exception of EFO. The
experimental findings also showed that all PLs had enhanced oxidative stability (P <0.05) when the samples were
exposed to light, oxygen and agitation at 50ºC as compared to the EOs.

Optimization of Phenolic Compounds Extraction from Aromatics Herbs by Response Surface Methodology.
M.Y.H. Shimano1, T.M.F.S. Vieira1, A.F.M. Bresson2, M.A.B. Regitano-d'Arce1, 1University of São Paulo, College of
Agriculture "Luiz de Queiroz", Piracicaba, São Paulo, Brazil, 2Institut Polytechnique LaSalle Beauvais, Beauvais,
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Oise, France

Aromatic herbs contain high levels of phenolic antioxidants with known antioxidant activity. However there are
various extraction methods of these compounds. The effect of solvent (ethanol EtOH, and water), and temperature (30
to 60 °C) on total phenolic content extracted from rosemary, oregano, sage and thyme was investigated. Response
surface methodology was used to estimate the optimum extraction conditions for each herb. The content of total
phenolic compounds (mg gallic acid equivalents - GAE/g of dried herbs) was strongly dependent on water and
temperature. Rosemary and thyme can be extracted efficiently with ethanol 50% at 45 to 50°C. The best condition for
extraction of phenolic compounds in sage was up to ethanol 50% at 57.5 to 60°C. For oregano, it is possible to predict
that 40-50% ethanol in all temperature range (30 to 60°C) can be applied in order to have the highest phenolic
extraction. Although identification work is needed to obtain a more complete phenolic profile of the extracts, this work
shows the extraction of natural antioxidants can be improved by optimizing key parameters. The extracts are source of
natural antioxidants with potential to be applied in oils and food lipids.

Individual Whey Protein Components Influence Lipid Oxidation Dependent on pH.
A.F. Horn, N.S. Nielsen, C. Jacobsen, Technical University of Denmark, National Food Institute, Kgs Lyngby,
Denmark

In emulsions, lipid oxidation is expected to be initiated at the oil-water interface. The properties of the emulsifier used
and the composition at the interface is therefore expected to be of great importance for the resulting oxidation. Previous
studies have shown that individual whey protein components (α-lactalbumin and β-lactoglobulin) adsorb differently to
the interface depending on pH. In addition, differences has been shown to exists between the oxidative stability
provided by α-lactalbumin and β-lactoglobulin. The hypothesis is that pH influences the oxidative stability of
emulsions by affecting the preferential adsorption of whey protein components at the interface. The aim of the study
was to compare lipid oxidation in 10% fish oil-in-water emulsions prepared with 1% whey protein having either a high
concentration of α-lactalbumin, a high concentration of β-lactoglobulin or equal amounts of the two. Emulsions were
prepared at pH4 and pH7. Emulsions were characterized by their droplet sizes, viscosities, and contents of proteins in
the water phase. Lipid oxidation was assessed by PV and secondary volatile oxidation products. Results showed that
pH greatly influenced the oxidative stability of emulsions. At high pH β-lactoglobulin emulsions were more stable than
α-lactalbumin emulsions, whereas at low pH the opposite was the case.

Oxidative Stability of High GLA Safflower Oil.
I. Dicely, W. Ng, D. Facciotti, L. Chambers, F.J. Goodstal, K. Mai, K. Graham, Arcadia Biosciences ? Nutrition
Products, Davis, CA, USA

GLA oils are traditionally extracted from borage and evening primrose, species that have not yet been fully
domesticated and thereby exhibit relatively low and variable yields, which, in turn, affect supplies, costs, and finally
the marketability of this fatty acid. Safflower engineered to produce a high concentration of GLA is now a more
reliable, price competitive, alternative source of GLA. The crop is well adapted to the climate of the Western US. The
oil from ?GLA safflower? seeds can contain over 70% GLA and can be extracted following standard oil-crushing
procedures. In a standardized form (400mgGLA/g of oil), the refined, bleached, and deodorized oil went successfully
through the FDA NDI process and is now marketed as a new dietary supplement: SONOVA 400?. The high
concentration of GLA (twice that of borage oil) and the presence of 3 double bonds/GLA molecule, make the oil
susceptible to oxidation. This poster presents our studies on the stability of this high GLA safflower oil to oxidation.
Both commercial crush and encapsulated GLA forms were studied under real and accelerated time conditions.

Effect of Natural Antioxidant Addition on the Oxidative Stability of the Pecan Nut [Carya illinoinensis
(Wangenh) C. Koch] Oil.
A.C.P. Prado, P.C. Engler, V.M. Hissanaga, P.B. Policarpi, J.M. Block, Santa Catarina Federal University,
Florianopolis, Santa Catarina, Brazil

There is a growing demand in the food industry for the use of natural antioxidants in food; as they are considered safer
for the health. In this work, the effect of the natural antioxidants in the oxidative stability of pecan nut oil was studied.
The pecan nut oil was extracted by cold pressing using a hydraulic press. Two hundred ppm of pecan nut shell
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alcoholic extract and gallic acid were added in the pecan oil. The samples were kept in the oven at 60oC (Schaal Oven
Test). The peroxide value was determined every 2 days for 2 weeks. The pecan nut oil without addition of antioxidant
was used as the standard. Results showed a significant increase in peroxide value for all samples. The higher peroxide
value in the samples was determined after 6, 8 and 10 days for the standard oil (5.14 mqO2/Kg), oil added with gallic
acid (2.58 mqO2/Kg) and oil added with pecan alcoholic extract (2.89 mqO2/Kg), respectively. According to the
results, the pecan nut shell alcoholic extract showed a high antioxidant activity indicating that this agro-industrial by-
product can be used as source of natural antioxidants.

Antioxidant Effect of Kiwi Peel Extract on Oxidative Stability of Sunflower Oil during Storage Condition.
Reza Esmaeilzadeh Kenari1, Elham Shokooh Saremi2, Kambiz Ziaee3, Hoda Malekzadeh3, 1Sari Agricultural and
Natural Resources University, Department of Food Science and Technology, Sari, Mazandaran, Iran, 2Ferdowi
University of Mashhad, Mashhad, Khorasan Razavi, Iran, 3Vasteryoosh Consultant Group, Sari, Mazandaran, Iran

Oxidation decrease organoleptical properties, Nutrition value and shelf life of oils,and produce undesirable compounds
that are not safe For customer′s health.There is many methods for prevention of oxidation. Such synthetic antioxidants,
(BHA,BHT,TBHQ,Gallat Ester), have undesirable effects such as cancer, mutation in human body therefore it was
removed from consumption list Gradually and it seems necessary production of natural Antioxidants.In this research
the first,plant extract included phenolic compounds,Tocopherol was extracted by methanolic solvent from kiwi peel
and added at 2 concentration (400 and 80ppm) to sunflower oil without antioxidant and storage at 250c during 60
day.Then oxidative stability determined by parameters such, proxid value, OSI, Acid value, Carbonyl value, total polar
compound at storage Temperature at time (0,15,45,60) days during storage and were compared with sunflower oil
containing 100ppm (TBHQ).Results showed that concentration (800ppm) of kiwi peel extract was more effective than
on stability of sunflower oil, related to 100ppmTBHQ,400ppm kiwi peel extract. It seems concentration of 800ppm
peel kiwi extract to having higher levels of phenols and tocopherol content is more effective.KEYWORD: Storage
condition, Oxidative Stability, Sunflower oil, kiwi peel extract 

Oxidation Status of Fish Oil Capsules in the Netherlands.
A. Tres, X. Chen, S.M. van Ruth, RIKILT, Wageningen University and Research Centre, Wageningen, Netherlands

Dietary supplements based on polyunsaturated fatty acid (PUFA) sources are currently commercialized. Long chain n-3
PUFA have been claimed to have beneficial health effects. However, they are highly susceptible to oxidation, which
would lower the quality of these dietary supplements considerably. Regulations regarding the oxidation status of fish
oil capsules vary between countries or are not even established. Some standards and voluntary guidelines from
industry organizations, such as the Global Organization for EPA and DHA (GOED), have been established. However,
concerns exist on the suitability of the analytical methods to assess the oxidation of fish oil capsules. We determined
the oxidation status of commercial fish oil capsules in the Netherlands. Oxidation was assessed by the analytical
methods proposed by the GOED guidelines. Other methods such as the measurement of lipid peroxide content by the
Ferrous oxidation-xylenol orange method (FOX method), and the assessment of the volatile profile by Proton Transfer
Reaction – Mass Spectrometry (PTR-MS), among others, were also applied in order to compare their performance
with those classical methods. Results revealed that some fish oils available in the market showed oxidation levels
higher than those recommended by the GOED guidelines. The FOX and PTR-MS approaches were promising
methodologies in the assessment of fish oil oxidation.

Efficiency of Oryzanols in Stabilizing Different Vegetable Oils, as Compared with Common Synthetic
Antioxidants.
B. Irigaray, I. Vieitez, I. Jachmanian, M.A. Grompone, Laboratorio de Grasas y Aceites, Departamento de Ciencia y
Tecnología de los Alimentos, Facultad de Química, Universidad de la República. Av. Gral Flores 2124. 11800,
Montevideo, Uruguay

The aim of this work is to determine the antioxidant power of the oryzanol concentrate obtained from soapstock of rice
bran oil when was added to oils from different origin as well as to compare it with the power antioxidant of other
synthetics antioxidant and natural antioxidants commonly used in food industry.The commercial oils used in this work
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were: regular sunflower oil, high oleic sunflower oil, soybean oil and rice bran oil. Oils were previously passed through
a column with activated alumina in order to eliminate completely their native antioxidants. Each synthetic antioxidant
(BHT, TBHQ, and BHA) or natural antioxidant (tocopherols, pure oryzanols and oryzanols concentrate) was
separately added to each oil at the same molar concentration (500 ppm). The resulting oxidative stability was
determined using two different accelerated oxidation methods: OSI at 98.7°C and DSC at 130°C.Using OSI98.7°C
method, the oxidation period of purified oils containing oryzanols were lower than that of the same oil containing
synthetic antioxidants. However, using isothermal DSC130°C, the oxidation period of the purified high oleic sunflower
oil containing oryzanols was higher than that obtained adding BHT or TBHQ to this oil. 

Antioxidant Interactions between Rosmarinate Esters and α-tocopherol in Stripped Soybean Oil-in-Water
Emulsions.
Atikorn Panya1, Kitinun Kittipongpittaya1, Mickael Laguerre2, Jerome Lecomte2, Pierre Villeaneuve2, David Julian
McClements1, Eric A. Decker1, 1Department of Food Science, University of Massachusetts, Amhesrt, 100 Holdsworth
Way, Amherst, MA 01003, USA, 2CIRAD, Dept PERSYST, UMR IATE, F-34398 Montpellier 5, France

The antioxidant activity of rosmarinic acid esterified with different fatty acids is impacted by their distribution in oil,
water, and interfacial regions of oil-in-water (O/W) emulsions. Since rosmarinic acid esters of varying polarity will
partition into different locations, their interactions with other antioxidants would provide useful information on
synergistic and additive mechanisms of antioxidants. In this research, combinations of rosmarinate esters and α-
tocopherol were studied in stripped soybean oil oil-in-water emulsions. Cyclic voltammetry was used in examine
thermodynamic differences among the antioxidants. Tocopheroxyl radical regeneration by rosmarinate esters were
studied by electron paramagnetic resonance (EPR). Lipid oxidation studies in O/W emulsions suggested that
rosmarinic acid (R0) exhibited the strongest synergistic interaction with α-tocopherol. Butyl (R4) and dodecyl (R12)
rosmarinate esters exhibited small synergistic interaction, while eicosyl rosmarinate esters (R20) exhibited slightly
antagonistic interaction. The EPR study in Tween 20 micelles suggested that all rosmarinates was able to regenerate α-
tocopherol from tocopheroxyl radicals. Synergistic interaction among antioxidant could be explained by free radical
transfer mechanism and differences in the physical location of the antioxidants.

13C-NMR structural Assessment of Omega-3 oils Produced by Selective Enzymatic Hydrolysis and
Reconstitution.
E. Reyes-Suarez, P.G. Mugford, A.J . Rolle, J.A. Kralovec, Ocean Nutrition Canada Ltd., Dartmouth, Nova Scotia,
Canada

The regio-isomeric distribution of EPA and DHA in anchovy/sardine fish oil triacylglycerols (TAG) was modified
upon a selective hydrolysis/re-esterification sequence; while the proportion of EPA attached to the sn-2 position of
glycerol increased 11%, the proportion of sn-2 bound DHA decreased 6%. In TAG concentrates prepared from the
partial glycerides by lipase-catalyzed esterifications with free fatty acids (FFA) highly enriched in omega-3 PUFA,
EPA chains displayed a slight preference for the terminal sn--1,3 positions (69.5% and 72.9%, respectively), a more
random distribution pattern than the natural fish oil. The regio-isomeric distribution profile of DHA varied; 61.1%
occupied the sn-1,3 positions upon acylation with the higher DHA 42/29FFA, whereas only 47% occupied these
positions upon acylation with the lower DHA 60/03FFA, which resembles more the distribution pattern of the natural
fish oil. 

Antioxidative Effect of Seaweed Extracts in 5% Fish Oil-in-Water Emulsion.
K.H Sabeena Farvin, Charlotte Jacobsen, National Food Institute (DTU-FOOD), Lyngby, Copehagen, Denmark.

Marine algae, like other photosynthetic plants, are exposed to a combination of light and oxygen that lead to the
formation of free radicals and other strong oxidising agents. The absence of oxidative damage to their structural
components suggests that they contain protective antioxidative compounds. In our earlier experiments with in vitro
antioxidative activity of 16 selected species of marine algae from Danish coast, we found that some species may have
potential to become an important new source of antioxidants. However, their effectiveness in real food systems needs
to be explored. Therefore, a study was undertaken to examine the utilization of seaweed as a source of natural
antioxidants for retarding lipid peroxidation in fish oil emulsion. Two species of seaweed, one each from red
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(Polysiphonia fucoides) and brown (Fucus serratus) algae were selected for the study. Absolute ethanol and 50%
ethanol was used as extraction solvent. A 5% oil-in-water emulsion was prepared with 1% citrem as an emulsifier by
adding 500mg/kg of extracts. Emulsions both with and without adding iron as oxidation inducer was prepared. A
control sample with no extract added was included for comparison. The analysis of Peroxide value (PV), volatiles,
tocopherol, and sensory analyses were used as criteria to assess the antioxidant activity and the results from these
analyses will be presented.

Antioxidant Properties of Novel Fatty Acid Esters of Flavonoids.
S.N Warnakulasuriya, Ziaullah, H.P.V Rupasinghe, Nova Scotia Agricultural College, Truro, Nova Scotia, Canada

Food and nutraceuticals containing long chain polyunsaturated fatty acids (PUFA) are highly susceptible to the
oxidation due to the presence of double bonds. Antioxidants can protect PUFA from oxidization by many mechanisms
such as scavenging free radicals and chelating metal ions. Natural flavonoid glycosides are promising food
antioxidants; however, their partially hydrophilic nature limits the applications in many foods. Esterification of those
flavonoids with fatty acids can enhance the lipophilicity of flavonoids. The objective of this study was to determine the
ability of flavonoid esters of fatty acids in inhibiting lipid oxidation in omega-3 PUFA-rich bulk fish oil in comparison
to parent flavonoids. Two selected apple flavonoids; quercetin-3-O-glucoside and phloridzin were acylated with
omega-3-polyunsaturated fatty acids; α-linolenic acid, eicosapentaenoic acid and docosahexaenoic acid using
immobilized lipase from Candida antarctica as a biocatalyst in dried acetone at 45oC. The esterified products were
purified using column chromatography and the structures of novel compounds were confirmed using NMR
spectroscopy. The inhibition of primary lipid oxidation of heat-induced (40oC) oxidation of fish oil was evaluated
based on the peroxide values. The secondary lipid oxidation was determined using the Thiobarbituric Acid Reactive
Substance assay.

Oxidative Potential of Dietary Oils Available for Purchase by Stores in Communities Neighboring Prairie View
A&M University.
V. McWhinney, L. Doore, D. Skeene, D. McKinney, Prairie View A&M University, Prairie View, TX, USA

Prairie View A&M University serves a diverse population of individuals but mostly individuals not in the higher
socio-economic demographics. The communities neighboring the University have grown and so have the variety of
food stores available to these residents. The study examined the availability of oil types and their potential for
oxidation by measuring mostly primary oxidation. Primary oxidation was determined by measuring the peroxide value,
conjugated diene, acid value, free fatty acid value and fatty acid profile of unheated oils, oils heated at 60°C for twenty
three days, and oils heated at 180°C for 6 hours over a two-day period. Briefly, corn and canola (< 11 mEq O2/mg of
oil) oils had significantly higher peroxide values than blended and vegetable oils (>10 mEq O2/mg oil). The
conjugated diene values for oils heated at 60°C ranged from 0.83379% to 0.30329%. A mean conjugated diene value
of 0.44 was obtained for oils heated at 180°C. The acid values were not significantly different for the oils. The acid
value increased with heating. The information provided by this study is useful in developing education material for
individuals serviced by the Prairie View A&M University′s Texas Cooperative Extension Program. 

Application of EPR Spectroscopy in Algal PUFA Oil Research.
An-Ni Chang, DSM Nutritional Products, Columbia, Maryland, USA

In recent years, polyunsaturated fatty acid (PUFA) has gained public attentions because of its known benefits in brain,
eye and cardiovascular health. These types of the PUFA lipids are prone to oxidation because of high degree of
unsaturation. This involves free radical generation, peroxide formation, and subsequent formation of
aldehydes/ketones/alcohols causing off-flavor issues affecting product quality and shelf life. Peroxide value (PV),
Anisidine value (AV), Rancimat measurements are typically used to determine the oxidation status of PUFA products.
However, these measurements do not always correlate with the oxidative stability and organoleptic properties of the
product. In this presentation we describe the use of Electron Paramagnetic Resonance (EPR) spectroscopy for
measuring free radicals with the aid of spin-trap chemicals. Measuring radical generation kinetics may help us
understand early stage of lipid oxidation. Potential applications of EPR in algal PUFA research including monitoring
of PUFA oxidation as well as screening of potential antioxidants will be discussed.
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