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 MONDAY

AFTERNOON

ANA 1: Biofuel Source Characterization

Chair(s): T. Alleman, National Renewable Energy Laboratory, USA; and S. Howell, Marc-IV Consulting, USA

Rapid Determination of Actual Neutral Lipid Content in Microalgae using Nile Red Fluorescence. H. Zhao1, K.
Lee2, P. Nam1, 1Missouri University of Science and Technology, Rolla, MO, USA, 2Lincoln University, Jefferson
City, MO, USA

Due to the declining fossil fuel reserve and increasing CO pollution from fuel combustion, alternative energy is
becoming more desirable. Microalgae are viewed as promising candidate for alternative fuel feedstock because of their
fast growth, high oil content, and neutral carbon emissions. The conventional method for quantification of lipids in
microalgae involving a gravimetric measurement following extraction of lipids is a time-consuming process and is not
suitable for high- throughput screening. A direct spectrophotoscopic measurement using Nile red fluorescence provides
a simple method to determine the oil content of microalgae and allows the rapid identification of high oil-bearing
microalgae. However, the application of this method on varying microalgae strains is limited due to the lack of
appropriate standards necessary for the accurate lipid quantification. Oil-containing micelles are employed to prepare
the calibration standards for the direct measurement of Nile red stained lipids in microalgae with a microplate
spectrophotometer. The lipid quantification using micelle generate the calibration curves yielded results that were
comparable to the conventional gravimetric lipid method. This fast and reliable method could potentially be used in the
investigation of large scale lipid production from microalgae. 

Mobile Phase Optimization for Separation of Neutral Lipid using 50-Å Phenogel Column. Salisa Chumsantea1,
Kornkanok Aryusuk1, Narumon Jeyashoke1, Supathra Lilitchan2, Kanit Krisnangkura1, 1King Mongkut's University of
Technology Thonburi, 49 Tientalay 25 Rd. Takham, Bangkhuntien, Bangkok 10150, Thailand, 2Mahidol University,
Rachathewi, Bangkok 10400, Thailand

The Production of Biodiesel from Yellow Mustard Emulsion. S. Tabtabaei, L.L. Diosady, University of Toronto,
Toronto, Ontario, Canada

Biodiesel that meets the ASTM standards has been successfully produced from the emulsion formed by non-enzymatic
aqueous extraction of dehulled yellow mustard flour. The single-phase base-catalyzed transmethylation process
developed by D.G.B. Boocock was used. The work is part of a program to develop an aqueous extraction process for
yellow mustard consisting of aqueous dissolution of the protein for isolate production, and utilization of the oil, which
is recovered in the form of a stable oil-in-water emulsion. The dissolution of the emulsion with 1,4-dioxane through
single-stage and multiple-stage treatment processes has recovered essentially all of the oil from the emulsion to the
single-phase oil-water-dioxane miscella, containing less than 1% water. The resulting high-quality, low-phosphorous,
and low-free fatty acid (FFA) oil was converted with high yields (99.4 wt%) to fatty acid methyl esters (FAME) that
satisfied the international standards for use as biodiesel fuel by the single-phase transmethylation process. The results
suggest that the solubilization of yellow mustard emulsion with dioxane could be used as an industrially viable
approach to produce a suitable feedstock for biodiesel production.
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Production of Fuels and Chemicals from Microalgal Lipids - Characterization of Properties and Productivity.
N. Nagle1, L. Laurens1, P. Pienkos1, J. Shekiro1, J. McGowen1, 1National Renewable Energy Laboratory, Golden,
CO, USA, 2Arizona State University, Tempe, Arizona, USA

Fossil fuels are likely to remain the dominant feedstock for both diesel and aviation fuels. Biodiesel is the principal
renewable fuel substitute for road diesel used for compression injection engines (CI). In 2011 the United States
biodiesel production represented 907 million gallons out of 40 billion gallons of road diesel. Edible vegetable oil is
expected to remain the major feedstock used to produce biodiesel. Increasing vegetable oil-based renewable fuels will
be challenging due to the competing interest between food and fuel production. Microalgae offer an alternative to
terrestrial based biomass production systems. With their high oil yields, algae address the energy-dense fuels market,
which is a niche market segment not fully addressed by other biofuels without encroaching on valuable crop land and
affecting food commodity prices. We report on both literature and experimental results from the cultivation, extraction
of lipids and impact of algal strain on lipid yield. Additionally, the lipid profile of algal lipids is used extrapolate to the
fuel quality for potential algal biofuels, suggesting their fit for purpose. The data from these studies indicate that fuels
such as biodiesel or advanced biofuels could be produced using microalgae feedstocks.

Determination of Fatty Acid Composition in Wet Fermentation Broth via In Situ Transesterification. C. Mallon,
A. Shurer, DSM Nutritional Products, Columbia, MD, USA

Microbial biotechnology requires routine analysis of total fatty acid (FA) composition in yeast and algal broth to
monitor changes in profile and total fat content during fermentation. Presently this is done by first lyophilizing a
sample of the wet whole broth, and then performing a two-step esterification reaction to convert FA containing lipids
to their corresponding fatty acid methyl esters (FAMEs). These FAMEs can then be separated, identified, and
quantitated by means of gas chromatography (GC).We herein describe an alternative approach to fatty acid analysis of
wet fermentation broth, based on principles currently applied to the analysis of plasma samples[1]. This involves a
single step in situ transesterification of the wet broth, simplifying the analytical procedure and eliminating the need for
prior lyophilization. Fatty acid potencies and profiles obtained following this expedited procedure show good
agreement with the existing method.The proposed method is a more rapid and simple alternative to the current
procedure. The use of cheaper and less hazardous reagents also makes this method more economical and ecologically
friendly.[1] Glaser C., Demmelmair H, Koletzko B. (2010), High Throughput Analysis of Total Plasma Fatty Acid
Composition with Direct In Situ Transesterification, PLoS ONE Vol. 5, Issue 8

Evaluation of PetroOxy Test as an Alternative Method to Oil Stability Index for Biodiesel and Biodiesel Blends.
Nestor U. Soriano, Jr., Randy Maglinao, Akash Narani, Montana State University-Northern Bio-Energy Center, Havre,
MT, USA

The Oil Stability Index (OSI) test in accordance to EN 15751 is well accepted method for the evaluation of the
oxidation stability of biodiesel and biodiesel blends. The method is included in the ASTM D 6751 for neat biodiesel
and ASTM D 7467 for biodiesel blends (B6 to B20). While the OSI test is the most widely accepted method for
evaluating the storage stability of biodiesel in the US, there are other methodologies that may be used for this purpose.
In this study, PetroOxy test, another accelerated oxidation stability method, was used and compared with OSI using
different types of biodiesel at various blend levels. The OSI test is primarily based upon the evolution of small
carboxylic acid (mainly formic acid) as a product of oxidation of the sample, while PetroOxy test is mainly based on
the amount of oxygen that reacts with the unsaturation present in the sample during oxidation. In general there was a
direct relationship between OSI and PetroOxy values but is affected by the nature of the biodiesel and biodiesel blend
levels. Among the biodiesel tested, including soybean, canola, camelina, sunflower, and turkey fat, there was a good
correlation between OSI and PetroOxy values but not in the neat samples. Moreover, the direct relationship between
OSI and PetroOxy was disrupted when values obtained from coconut biodiesel and biodiesel blends were included in
the plot. Lastly, the effect of iodine number and amount of unsaturations as defined by oxidizability on OSI and
PetroOxy values for biodiesel and biodiesel blends were established.

Determining Biofuel Concentrations in Diesel Fuel Blends using Carbon Isotope Analysis. G.A. Norton, Iowa
State University, USA



file:///H|/Amie/abstracts/am2012/Analytical.htm[2/10/2016 10:06:07 AM]

Radiocarbon is an unstable isotope that can be used to determine the modern carbon content of virtually any carbon-
containing material. One application is to measure how much biodiesel or renewable diesel (made by catalytic
hydrogenation) is in a blended fuel. Although there are a variety of approaches that can be used to measure biodiesel,
radiocarbon analysis is currently the only known method for verifying the renewable diesel content of diesel fuel
blends. Critical assumptions in the radiocarbon measurements will be discussed, and the advantages and disadvantages
of various sample processing and analytical approaches used for the radiocarbon measurements will be summarized.
For measuring biodiesel in blended fuels, results obtained using radiocarbon measurements will be compared to those
obtained using FTIR in accordance with ASTM Method D7371. For measuring concentrations of renewable diesel in
diesel fuel blends, results obtained by using a greatly simplified radiocarbon analytical technique will be compared to
those obtained using conventional radiocarbon analytical procedures specified in ASTM Method D6866.

 TUESDAY

MORNING

ANA 2: Olive and Specialty Oil

Chair(s): V. Jain, Mars Chocolate North America, USA; and A. Proctor, University of Arkansas, USA

Review of International Standards for Olive Oil. R.J. Mailer, Australian Oils Research, Wagga Wagga, NSW,
Australia

Individual countries have established food standards to ensure food safety, product quality and consistency in products.
These standards also provide regulation in trade so that the purchaser/consumer can be sure that they get what they pay
for. This is even more important in international trade where food standards and processing conditions vary greatly
between cultures. Various international bodies have been established to create uniform standards across borders. In
particular Codex Alimentarius has the precise agenda of ensuring uniform international food quality standards and
many countries rely on these standards for use in their own countries. The diverse range of needs of individual
countries causes difficulties for Codex in reaching agreement on these standards. In regard to olive oil, Codex has
relied almost entirely on the International Olive Council for limits to each of the parameters considered important for
quality and trade. The member countries of the IOC are centred in the Mediterranean region and are isolated from
many other olive producing countries around the world.Current studies on olive oil standards have shown that some of
the existing international standards are unsuitable for all of the producing countries. In particular, parameters used to
ensure authenticity can often cause olive oil to fail those tests. Some standards are therefore drifting away from Codex
standards. This presentation will compare differences between existing olive oil domestic and international standards.
It will reveal inadequacies in the current system where many standards have been developed within a narrow group of
countries. New tests and standards are needed to address these important issues for trade and food safety.

Evaluation of Chemical and Sensory Testing Methods for Commercial Olive Oils in California. S. Wang1, R.
Mailer2, J.D. Flynn1, J. Ayton2, S. Lee3, C. Shoemaker3, J.X. Guinard3, 1UC Davis Olive Center, University of
California, Davis, Davis, CA, USA, 2Australian Oils Research Laboratories, NSW Department of Primary Industries,
Wagga Wagga Agricultural Institute, Wagga Wagga, New South Wales, Australia, 3Department of Food Science and
Technology, University of California, Davis, Davis, CA, USA

Chemical profiles of olive oils have been well-researched in the Mediterranean basin countries; however, there have
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not been many studies focusing on the commercial extra virgin olive oils (EVOO) sold in the United States. Using
quality parameters supported by the International Olive Council (IOC) and the United States Department of
Agriculture (USDA), such as peroxide values (PV), ultraviolet (UV) absorbance, free fatty acids (FFA), fatty acid
profile (FAP), sterols, stigmastadiene, and sensory profile, we evaluated both domestic and imported olive oil samples
purchased in the United States. Additional quality markers adopted by Australia as standards, pyropheophytin a (PPP)
and 1,2-diacylglycerol content (DAGs), were also measured, and the utility of these measures was assessed. Principal
Component Analysis (PCA) was applied to elucidate the relationship between sensory and chemical variables.

Identifying Authentic and Quality Olive Oils using Analytical Instrumentation Based on Sensory Attributes.
Jack Cappozzo, Katie Banaszewski, Fadwa Al-Taher, Rima Juskelis, Institute for Food Safety & Health, IIT, Bedford
Park, IL, USA

In 2009, nearly 3 million tons of olive oil was produced worldwide. The demand for olive oil, in particular virgin and
extra-virgin olive oil (EVOO), is sought after from consumers for its exceptional flavor characteristics and its health
benefits. Olive oil has been associated with reducing the risk of coronary heart disease based on its content of fatty
acid composition and phenolic content. These characteristics as well as other chemical parameters are critical in
evaluating the grade and quality of olive oil. Gas chromatography (GC) has traditionally been used to evaluate the fatty
acid composition and less commonly GC coupled to a mass spectrometer (MS) was able to characterize volatile
composition. Volatile composition can be linked to sensory organoleptic attributes and the data can be analyzed using
chemometric techniques or principal component analysis (PCA) to determine olive oil quality. Fast analysis using
electronic nose (E-nose) analytical equipment is capable to determine quality using chemometric or PCA based criteria
in relation to sensory parameters. This talk wills link analytical analysis to sensory characteristics to determine quality
but also focus on authenticity with regards to adulteration and food safety.

Evaluation of New Analytical Methods to Detect Lower Quality Olive Oils. C. Guillaume, L. Ravetti, Modern
Olives Laboratory Services, Lara, Victoria, Australia

For each olive oil grade, minimum and/or maximum limits for most analytical parameters are prescribed in addition to
a sensory test which has to be executed by a trained group of tasters. Sensory analysis alone may need to be repeated
if faults are detected sometimes confirmed by a second or even a third panel test. With the expansion of the olive
industry worldwide there are not enough skilled sensory experts in the world to deal with all olive oils. Objective
chemical indices that correlate with sensory characteristics are needed to help to properly qualify and authenticate the
world's olive oils.In the past some published tests of olive oils commercialized in Germany, Switzerland, Australia and
United States make it evident that there is an urgent need for a more effective way to check the quality and authenticity
of olive oils to protect the consumer and the true commerce from adulterated or bad quality olive oils.The objectives of
this project are firstly to evaluate the effectiveness of analytical parameters to monitor the thermo oxidative and
hydrolytic changes during aging of olive oil under various storage conditions and secondly to further evaluate how
methods such as the determination of 1,2 Diacylglycerols (DAGs) and Pyropheopytins a (PPPs) correlate with the
outcomes of sensory analysis over time. The project is divided in three areas: Australian market Extra Virgin Olive Oil
(EVOO) screening, Australian varieties screening and evaluation of the impact of storage conditions on these
varieties.During the 3 years of retail screening, 265 samples were taken. The overall results show extremely poor
quality control in the Australian retail market. More than a half of the oils labelled as EVOO are not true to label.In
order to screen the variation due to variety and climate 21 samples of oil made from several olive varieties from
diverse environments in Australia were analysed. None of those samples failed any of the proposed tests during the
initial tests. There is no evidence of varietal or environmental influence on those tests under Australian conditions.In
order to evaluate the impact of storage conditions, oils from different varieties were bottled in three different
containers and stored at different temperatures for up to 24 months. Most of the samples were still within the proposed
limits for EVOO grade for the studied tests after 24 months, with the exemption of some samples stored in clear glass
under more prolonged than normal light exposure conditions or particularly under higher than normal storage
temperatures.PPPs and DAGs showed a very good performance as indicators of overall olive oil quality and freshness
as well as highlighting any problems during the storage of the product. Their correlations with organoleptic scoring
were higher than those shown by the traditional quality tests. While PPPs has previously been demonstrated to be an
excellent indicator to detect deodorised olive oils, its combined use with DAGs could be also used as a very effective
measurement of the oils′ ageing and/or of the storage conditions that those oils have been exposed to. The evolution of
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these values is highly predictable if storage conditions are known.

Quality Assessment of Extra Virgin Olive Oil by NIR. C. Gertz1, D. Behmer2, 1Official Institute of Chemical
Analyses, Hagen, Germany, 2Bruker Optik GmbH, Ettlingen, Germany

Good quality Olive oil will achieve a high price in comparison to other native vegetable oils. Therefore adulterated
olive oils and olive oils with a bad taste are a common problem. The International Olive oil Council (IOC) describes in
Europe various methods and standards to define different olive oil qualities. All these tests are very time consuming
and expensive. Quick objective chemical indices that correlate with sensory characteristics are required to help
qualifying and authenticating the world's olive oils. For this study, more than 300 samples of extra virgin olive oils
from different countries, at different level age and qualities were checked by an official sensory panel. Simultaneously
analytical parameters relevant for the quality such as fatty acid composition, free fatty acid content, UV-spectrometric
measurement at 232 and 270 nm, pyropheophytine and 1,2-Diglyceride ratio have been determined. A good correlation
was obtained for the NIR determination of these analytical parameters. The results suggest that NIR can offer a
powerful tool for a rapid quality check of extra virgin olive oils.

Characterization of Key Aroma Compounds in Styrian Pumpkin Seed Oil Using the Molecular Sensory Science
Concept. Michael Granvogl1, Susan Poehlmann1, Peter Schieberle1,2, 1Technical University of Munich, Chair for
Food Chemistry, Freising, Bavaria, Germany, 2German Research Center for Food Chemistry, Freising, Bavaria,
Germany

During eating, chemical stimuli present in food activate chemoreceptors located in the nasal cavity. Increasing the
knowledge of molecules stimulating receptors is an important goal in aroma research. To address these challenges, the
molecular sensory science concept was developed aimed at decoding the blueprint of key aroma compounds, which are
able to interact with receptors. As part of the concept, the analytical data are finally confirmed by re-simulating the
aroma based on natural concentrations. The lecture will explain the concept in detail exemplified for Styrian pumpkin
seed oil (Cucurbita pepo subsp. pepo var. Styriaca), which is well-known for its characteristic roasty and nutty aroma.
Application of aroma extract dilution analysis (AEDA) on pumpkin seed oil revealed 55 odorants, 25 of them
identified for the first time. 35 flavorings were quantified by stable isotope dilution assays (SIDA) and, finally, the
respective odor activity values (OAV) were calculated. With these data at hand, a successful aroma simulation of
Styrian pumpkin seed oil was performed. Thus, a differentiation between Styrian seed oil and seed oil from other
regions can be done on a molecular basis.

Review on the Processing of Table Olives. Edwin N. Frankel, University of California, Davis, CA, USA

About 20% of the fruits of olive trees are used for producing table olives, but the literature on the lipid composition of
extracted table olives is limited and controversial. Although, the composition of olive oils extracted from various
sources has been extensively reported, excessive efforts have been devoted on the use of undefined chemometric
methods requiring sophisticated statistical techniques. More reliable and sensitive chemical methods are required to
analyze oils from different olive preparations, including widely ranging polyunsaturated fatty acids that affect
significantly the oxidative stability of the extracted oils.

AFTERNOON

ANA 3: Process Contaminants

Chair(s): M. Collison, Archer Daniels Midland Co., USA; and S. MacMahon, FDA, USA
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LC-MS/MS Detection of Glycidyl Esters and 3-MCPD Esters in Edible Oils. S. MacMahon, T. Begley, G.
Diachenko, U.S. Food and Drug Administration, College Park, MD, USA

3-Monochloro-1,2-propanediol (3-MCPD) esters and glycidyl esters are potentially, through ester hydrolysis,
carcinogenic chemical contaminants formed during the processing of edible oils. The contaminants are found in many
food products containing refined oils and have proven difficult to detect and quantitate. The most widely used
approach is indirect detection using transesterification to cleave the esters of 3-MCPD and glycidol, followed by
derivatization and detection by GC-MS. While the reliability of indirect methods has improved, direct detection of
intact esters of 3-MCPD and glycidol remains the preferred approach. All indirect methodology requires significant
chemical manipulation of contaminants before detection, introducing uncertainty into the accuracy of results. Indirect
approaches also do not directly measure fatty acid esters of 3-MCPD or glycidol which are formed during edible oil
processing and likely differ in toxicity from free 3-MCPD and glycidol. The LC-MS/MS method described in this
presentation involves direct detection and quantitation of intact 3-MCPD and glycidyl esters. The development of SPE
and LC-MS/MS conditions will be discussed, as will method validation results. This approach is rugged, sensitive,
specific and allows for the direct determination of fatty acid esters of 3-MCPD and glycidol in a method suitable for
regulatory analysis.

Direct Determination of 3-MCPD Esters in Edible Oils. Hiroki Shiro1, Yoshinori Masukawa1, Kazuhiro Osawa1,
Shigeru Kawai2, Nobuyoshi Suzuki3, 1Kao Corporation, Haga, Tochigi, Japan, 2Kao Corporation, Sumida, Tokyo,
Japan, 3Kao Corporation, Minato, Wakayama, Japan

Occurrences of 3-MCPD esters (3-MCPDE) and glycidol esters (GE) have become serious concerns in the edible oil
business over the world from the viewpoint of human health risks. We already developed a new method for
quantification of GE in edible oils, which has been tested as a globally standardized method. However, a routinely
usable method for direct quantification of 3-MCPDE was not constructed regardless of great efforts by many analysts.
In this study, we tried to develop a direct method for 3-MCPDE in edible oils. Ten authentic reagents synthesized
were used: 3-MCPDE 1-monoesters (palmitic, stearic, oleic, linoleic and linolenic) and 3-MCPDE 1,2-diesters
(dipalmitic, distearic, dioleic, dilinoleic and dilinolenic). Multiple reaction monitoring in a positive ion mode of
atmospheric chemical ionization-MS/MS with reversed-phase gradient LC was appropriate to detect 3-MCPDE.
However, when the direct dilution oils were applied, reproducible chromatograms could not be obtained. Therefore,
we examined possible pretreatment procedures, and then found that the double SPE procedure first in normal-phase
and then in reversed-phase second is effective to remove large amounts of co-existing acylglycerides in the oils,
resulting in the robust quantitative method even in LC-MS/MS sequential measurements. This method can be useful to
directly determine levels of individual 3-MCPDE species in edible oils.

3-MCPD Esters and Glycidyl Esters in Edible Fats and Oils as well as in Complex Foods - Comparison of Data
Obtained by a Direct and an Indirect Quantitation Method. Michael Granvogl1, Peter Schieberle1,2, 1Technical
University of Munich, Chair for Food Chemistry, Freising, Bavaria, Germany, 2German Research Center for Food
Chemistry, Freising, Bavaria, Germany

After the proof of the presence of 3-MCPD esters and glycidyl esters in food, especially in refined edible oils, efforts
have been undertaken by industry as well as by academia to minimize their amounts due to the fact, that after
consumption a cleavage of the esters to harmful free 3-MCPD and glycidol has been shown. In parallel, a lot of work
has been done to establish reliable quantitation methods: indirect methods revealing the sum of MCPD esters and the
sum of glycidyl esters, and direct methods, with which individual esters can be quantified.The lecture will present the
development of direct quantitation methods for glycidyl esters as well as for 3-MCPD esters. Then, the obtained data,
not only for edible fats and oils, but also for complex food, will be discussed on the basis of a comparison of the direct
methods using stable isotope dilution assays (SIDA) for each individual glycidyl ester as well as for the most
important 3-MCPD esters and an indirect method resulting in the respective sum of glycidyl esters, 3-MCPD esters,
and 2-MCPD esters.

Analysis and Occurrence of Bound Glycidol and MCPD in Oil Containing Foods. J. Kuhlmann, SGS Germany
GmbH, Hamburg, Hamburg, Germany
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Since ester-bound 3-MCPD as well as ester bound glycidol have been determined as process contaminants occurring
commonly in refined edible oils, there has been some concern due to the possible toxic effects on consumers. In order
to monitor these compounds there is an obvious need for reliable and practical analytical methods. Whereas the
indirect determination of bound MCPD and glycidol using GC-MS techniques has a longer history, some analytical
LC-MS methods for the quantification of glycidyl and 3-MCPD esters have been placed more recently. Meanwhile
several direct and indirect methods are in development or have already been established, but differences in the
obtained results have raised issues which approach is more reliable. Furthermore, recent findings of bound 2-MCPD in
refined oils seem to require analytical methods covering this kind of analyte as well.The main topic of this
presentation is the comparison of results that have been achieved by the application of different direct and indirect
methods. Furthermore, an overview on the occurrence of glycidol and 2- & 3-MCPD in some customary oil and fat
containing foods will be presented.

"Indirect? Method for the Determination of 3-MCPD Esters: Hydrolysis Time and Recovery Considerations for
the Acid Hydrolysis Method. J.D. Pinkston, D.P. Iannelli, T.R. Mertens, The Procter & Gamble Company,
Cincinnati, OH, USA

Occurrence of the fatty acid esters of 3-monochloropropanediol (3-MCPD esters, containing one or two fatty acids at
the sn-1 and sn-2 position of the glycerol backbone) has been reported for refined fats and oils by several groups. A
number of groups have been working to strengthen analytical methods to measure these compounds. The first and
most widely-used methods involve acid-mediated, base-mediated, or enzymatic cleavage of esters, followed by
derivatization of the liberated 3-MCPD and GC/MS. A number of issues have surfaced with these ?indirect? methods.
While many of the issues have been resolved, there are still concerns related to the base-mediated method. These have
led to a renewed interest in the acid-mediated method (A. Ermacora, K. Hrncirik, JAOCS, 2012, 89, 211-217). A 4-
hour hydrolysis time was reported to provide acceptable accuracy and repeatability. However, in implementing and
validating the acid-mediated method in our laboratory, we found that differences in the rates of hydrolysis of mono-
and diesters lead to inaccurate recoveries at hydrolysis times less than 24 hours. This presentation will report our
results and propose a modified acid-hydrolysis method. We will also review recent progress in our development of a
direct LC/MS/MS method for the determination of 3-MCPD esters. 

Indirect Determination of Glycidyl Esters in Oils/Fats: A New Method Based on Acid Transesterification.
Alessia Ermacora, Karel Hrncirik, Unilever R&D Vlaardingen, The Netherlands

Glycidyl esters are food-borne contaminants formed during high temperature processing of fat-based matrices. First
detected in refined vegetable oils in 2008, they immediately became cause of concern because of their suspected
toxicity. Up to now, two methods for the indirect quantification of the total glycidyl ester content have been published.
Both methods involve a first step of cleavage of the esters in alkaline media followed by the conversion of glycidol
into a halogenated derivative (3-MBPD or 3-MCPD) that is then quantified. It is well known that in alkaline media
glycidol can be formed ex-novo, thus the accuracy of these methods greatly depends on the effective elimination of
these undesirable side reactions. Next to the indirect determination of glycidyl esters, a method for the direct
determination of the single esters separately is currently under validation in a collaborative trial organized by AOCS
(results are expected in May 2012). This approach presents the major advantage of providing information on the
glycidyl ester composition, but at the same time, it also reveals some issues concerning both the sample preparation
(clean-up) and the LC/MS analysis. In this speech, an alternative method for the analysis of glycidyl esters in oil
matrices is presented. It is an indirect method (glycidyl esters are quantified as a sum) based on acid transesterification.
Owing to the acid environment, which eliminates the potential risk of glycidol formation during sample preparation,
the method shows a good robustness and accuracy and represents a valid alternative to the current methods. 

 WEDNESDAY
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MORNING

ANA 4: Innovative Techniques for Analysis

Chair(s): J. Lay, University of Arkansas, USA; and C. Byrdwell, USDA, ARS, USA

High-Resolution Small Molecule Imaging as a Tool for Lipid Characterization. K A Kellersberger, Bruker
Daltonics, Inc., Billerica, MA, USA

With the shift in focus in recent years to complete molecular characterization, there is an emerging need for tools to
facilitate the analysis of complex mixtures. Fields such as metabolomics, environmental analysis, and drug discovery
all present unique analytical challenges which require not simply identification but full characterization of analytes.
Fourier-transform mass spectrometry (FTMS) has long been the standard of high-resolution accurate mass
measurement. While matrix-assisted laser desorption ionization (MALDI) sources were integrated onto FTMS
instrumentation soon after the development of the technique, the recent emergence of imaging mass spectrometry has
fueled a renewed interest in MALDI-FTMS for applications such as lipid imaging. The high mass accuracy and
resolving power achievable by MALDI-FTMS provide a means for simultaneous assessment of multiple targets from
tissue which facilitates both targeted and non-targeted analyses. Furthermore, recent advances in laser technology now
allow for highly spatially resolved characterization of samples at a level that can be compared with optical imaging
techniques.Here, we present examples of the use of high-field MALDI-FTMS in combination with the latest hardware
and software innovations that highlight its advantages in the characterization of fats and phospholipids in applications
such as tissue imaging.

Covalent Adduct Hybrid Chemical Ionization Mass Spectrometry for High Sensitivity Structural Analysis of
Fatty Acid Methyl Esters. C. Tyburczy1, P. Delmonte1, A. R. Fardin-Kia1, J. T. Brenna2, J. I. Rader1, 1U.S. Food
and Drug Administration, College Park, MD, USA, 2Cornell University, Ithaca, NY, USA

Acetonitrile covalent adduct chemical ionization tandem mass spectrometry (CACI MS/MS) is a convenient and
unambiguous method for identifying fatty acid methyl ester (FAME) double bond positions using a GC coupled to an
ion trap mass spectrometer. When operated in internal ionization mode, CI gas is ionized in the ion trap and an
acetonitrile-derived reagent ion (m/z 54) reacts across the double bonds of FAME forming [M+54]+ adduct ions. In
CACI MS/MS, [M+54]+ is fragmented, yielding diagnostic ions that enable identification of double bond positions. In
covalent adduct hybrid chemical ionization (CAHCI), acetonitrile is ionized in an external chamber and only reagent
ions (m/z 54) are stored in the ion trap. CAHCI-MS analysis of a FAME reference standard showed [M+54]+ ion
intensities that were >20x greater relative to those obtained by CACI-MS. CAHCI MS/MS mass spectra yielded strong
diagnostic ions and fewer interfering ions compared with CACI-MS/MS. These results demonstrate that CAHCI mode
greatly enhanced the sensitivity and selectivity of diagnostic ions for identification FAME double bond positions. The
enhanced formation of [M+54]+ ions from highly unsaturated FAME indicates a major advantage of CAHCI over
CACI MS/MS for the identification of low-abundance conjugated and non-methylene-interrupted FAME.

Rapid Generation of Fatty Acid Methyl Ester Profiles using Direct Analysis in Real Time (DART) Mass
Spectrometry. Brian Musselman, Elizabeth Crawford, Jordan Krechmer, IonSense, Inc., Saugus, MA, USA

Determination of the fatty acids in edible oils is often a time consuming activity. Analytical methods for determination
of methyl esters derived from saponification of triglycerides rely on GC and GC/MS for accurate quantitation of the
individual acids in order to characterize the oil. We have investigated the potential of using ambient pressure
desorption ionization to rapidly determine the methyl-esters derived from the mixing sodium methoxide dissolved in
methanol directly with various edible oils detecting the reaction products by using direct analysis in real time-mass
spectrometry. (DART-MS).The rapid sampling of DART-MS permits monitoring of reaction products in seconds per
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sample using only a few microliters of sample. A rapid desorption system that allows for both detection of the methyl-
esters and the unreacted triglycerides using a unique sampling system for efficient desorption of molecules from a
stainless steel wire mesh that is then positioned between the DART source and the API-inlet of the mass spectrometer.
The method shows promise as a tool for detection of low and moderate levels of contaminants, monitoring the
progress of biofuel production, detection of adulterants and non-specific threats. Optimum reaction conditions for
generation of the products will be discussed.

An Introduction to the Unit Simulacrum as a Construct for Mass Spectrometry of Triacylglycerols. W.C.
Byrdwell, USDA, ARS, BHNRC, Food Composition and Methods Development Lab, Beltsville, MD, USA

The Unit Simulacrum is a simplified and generalized construct that evolved from the bottom-up solution solution to
the triacylglyerol (TAG) lipidome. It uses "Critical Ratios" of ions in mass spectra to derive information about the
lipidomics of TAGs. The first Critical Ratio is the ([MH]/∑[DAG]), or protonated molecule divided by the sum of the
diacylglycerol fragments. This ratio is proportional to the number of double bonds in a triacylglycerol (i.e. it specifies
the degree of unsaturation). A second Critical Ratio is the ratio of ([AA]/[AB]) for a Type II TAG or
([AC]/([AB]+[BC])) for a Type III TAG. This ratio is indicative of the positions of fatty acids on the glycerol
backbone, and allows the composition of regioisomers to be determined. The Unit Simulacrum classifies each Critical
Ratio as Case 1 or Case 2, based on "Critical Limits" that come from the Critical Ratios. While desired lipidomic
information is provided by the Critical Ratios at face value, the original mass spectrum from which the Critical Ratios
came can be reconstructed at any time using the Unit Simulacrum. Furthermore, it takes fewer values to express the
desired information as Critical Ratios than to give the raw ion abundances. Thus, the Unit Simulacrum represents both
a tool for lipidomic structural analysis and a data compression algorithm.

Determination of CLA trans, trans Positional Isomerism in CLA-rich Soy Oil by GC-MS and Silver Ion
Chromatography. U. Shah, A. Proctor, J. Lay, K. Moon, University of Arkansas, Fayetteville, Arkansas, USA

A ~20% CLA-rich soy oil with low saturated fat and no cholesterol was produced by photoisomerizing soy oil linoleic
acid. The oil is predominately trans,trans CLA, with the oil containing 17% trans, trans CLA. Recent studies have
shown that trans,trans CLA-rich soy oil significantly reduces heart disease and diabetes risk factors in obese rats.
However the positional isomerism of these geometrical isomers has not been identified. The objectives of the study
were to determine trans,trans CLA positional isomerism of CLA fatty acids in CLA-rich soy oil and determine the
resolution of trans,trans CLA positional isomers by silver ion chromatography. GC-MS studies of 4-phenyl-1,2,4-
triazoline-3,5-dione (PTAD) derivatives of CLA-rich oil showed that 9,11 CLA and 10, 12 CLA were the major
positional isomers. These were hypothesized to be the trans,trans CLA isomers, which was confirmed by silver ion
chromatography and subsequent GC-FID fatty acid and ATR-FTIR geometrical isomer analysis of the collected
fractions. The identification of 9,11 trans,trans CLA and 10, 12 trans,trans CLA as the major CLA isomers in CLA-
rich oil then allowed the deduction of the synthetic mechanism of the photoisomerism of soy oil linoleic acid to
trans,trans CLA.

Oil Measurements on Wet Algae Paste using TD-NMR. W. Samaniego, S. Gosh, Bruker Corporation, USA

Algae is a very promising source for oil production, but being a live system, it presents new challenges when
compared to more traditional sources, as oil reservoirs or seeds for biodiesel. One critical aspect is the need for a real
time, high throughput monitoring solution that allows for finding the point of maximum oil content during the algae
growth cycle. For this purpose, there are existing methods like Nile Red staining, but it has serious limitations:
fluorescent response depends on the sample, and dead cells do not stain, potentially underestimating the amount of oil
present at any given moment. GC-MS does not present this problem, but derivatization does not allow for real time
results.Time-domain Nuclear Magnetic Resonance (TD-NMR) can be easily performed using a small, bench top
instrument furnished with a permanent magnet (no cryogens needed). We have developed a new method for measuring
oil in live systems that can be carried out directly on the algae paste without the need for drying and/or derivatization.
Furthermore, the measurements take under one minute, they are not influenced by the matrix and results are
automatically reported as percent oil w/w.

Novel NMR Technology to Assess Food Quality and Safety. Markus Link, Manfred Spraul, Hartmut Schaefer, Fang
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Fang, Birk Schuetz, Bruker BioSpin GmbH, Rheinstetten, Baden-Württemberg, Germany

High Resolution NMR Spectroscopy offers unique screening capabilities for food quality/safety by combining
untargeted and targeted screening in one analysis. The objective is to demonstrate, that due to its extreme
reproducibility NMR can detect smallest changes in concentrations of many components in a mixture. The
methodology typically uses a 400 MHz high resolution instrument under full automation after minimized sample
preparation. One analysis in a push button operation takes at maximum 15 minutes and delivers a multitude of results
(PDF report). The method has been proven on fruit juices, where so far unknown frauds could be detected, be it
addition of sugars and amino acids to fake 100% fruit content, mixing of different varieties or wrong product labeling
like geographical origin and direct juice versus rediluted concentrate as well as on wine. In addition conventional
targeted parameters like the quantification of sugars, organic acid, amino acids etc. are obtained in the same analysis.
This technology has the advantage that NMR is completely quantitative and concentration calibration only has to be
done once for all compounds. It is also transferable between different instruments of the same field strength and
different laboratories.This technology is currently extended to other food materials.

Palm Oil Authentication by Fingerprinting Techniques. A. Tres1, G. van der Veer1, C. Ruiz-Samblas1,2, S.M. van
Ruth1, 1RIKILT, Wageningen University and Research Centre, Wageningen, Netherlands, 2University of Granada,
Granada, Spain

The demand of palm oil has increased tremendously over the last decades. This has raised concerns regarding the
sustainability of this expansion, and nowadays, sustainable palm oil is produced in certain regions of the world. Also,
palm oil composition might vary among different geographical origins, and this can be important for the uses of palm
oil. Thus the verification of the geographical origin of palm oil might be of interest for consumers and producers. The
natural variability of oils turns their authentication into a challenge. Traditional food authentication strategies have
relied on the determination of the amount of a few marker compounds and their subsequent comparison with the values
established for equivalent material. Fingerprinting techniques, which involve analysis of a range of variables
(compounds or even analytical signals), together with chemometrics are the state-of-the-art approach in food
authentication. We developed methodology for the verification of the geographical origin of palm oils, based on oil
fingerprinting and chemometrics. The fatty acid profile (by GC) and the volatile profile (by Proton Transfer Reaction -
Mass Spectrometry) have been used, among others, as fingerprints to assess the provenance of palm oils. According to
the results, the geographical authentication of palm oil is feasible by fingerprint techniques.

Atomic Force Microscopy: A Tool for Investigation the Effect of Lipid Composition on Nanoliposomes
Characterization. Behnoush Maherani1, Elmira Arab-Tehrany1, Franck Cleymand2, Michel Linder1, 1Institut
National Polytechnique de Lorraine, Vandoeuvre lès Nancy, Lorraine, France, 2Institut Jean Lamour - Ecole des
Mines, Nancy, France

The possibility of using nanoliposomes as a carrier system for different applications depends on their physicochemical
properties. Atomic force microscopy was applied to complete the characterization of nanoliposomes prepared with
different lipids such as DOPC,POPC and DPPC. The IC-AFM experiments of liposomes on mica substrate were
performed with Veeco Instruments, operating in HarmoniX mapping mode at 25°C. By considering the phase
image,we concluded that dark phase corresponds to the nanoliposome membrane having higher viscosity and also
softer surface. It was also observed that the clear/brighter part corresponds to active molecules encapsulated in
nanoliposome. The height images also showed separated and more defined vesicles with height of 15 nm and a
diameter of approximately 90?120 nm. Nanoliposomes with hard membrane such as DPPC showed the highest value
for height and ones with soft membranes such as DOPC tended to collapse by interaction with mica surface and
consequently shown largest diameter size. By considering the results of DMT image of HarmoniX mode, we also
determined the nanomechanical surface properties of stiff samples by using Young's modulus. This approach may
complete the morphological, dimensional and surface investigation of nanoliposome applied in the pharmaceutical,
medical and nutritional fields.

Monitoring Volatile Products to Track Alternate Pathways in Lipid Oxidation. B. Bogusz, K. Schaich, Rutgers
University, New Brunswick, NJ, USA
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Reformulation of foods with "healthy" unsaturated oils has encountered stabilization challenges that conventional
approaches cannot overcome; thus, it is becoming increasingly clear that current model of lipid oxidation is
incomplete.This research investigates alternate pathways of lipid oxidation (internal rearrangement, scission, addition)
that compete with classical hydrogen abstraction by both peroxyl and alkoxyl radicals. Reported here are static
headspace, SPME, and purge and trap GC-MS analyses of formation kinetics and product distribution of volatiles
generated by methyl linoleate oxidized under various conditions (temp., neat vs solvents, lipid conc., oxygen,
moisture).Product patterns described in traditional lipid oxidation schemes did not develop.In early oxidation of neat
methyl linoleate, hydrogen abstraction occurred with a very strong preference for C-13 rather than equally between C-
13 and C-9. β-Scission of the C-13 alkoxyl radicals occurred preferentially to yield pentane as the overwhelmingly
dominant product; α-scission to yield hexanal was minor and C-9 products did not form until late. Product
concentrations cycled rather than accumulating, emphasizing that lipid oxidation is dynamic and products continue to
react. Moisture blunted product cycling. An integrated scheme showing how multiple pathways are simultaneously
active and competing with one another will be shown.

Evaluating the Transferability of FT-NIR Calibration Models for Fatty Acid Determination of Edible Fats and
Oils Among Five Same-make Spectrometers. Magdi M. Mossoba1, Hormoz Azizian2, John K.G. Kramer2, 1FDA,
College Park, MD USA, 2NIR Technologies Inc., Oakville, ON, Canada

The application of FT-NIR in conjunction with PLS1 calibration models was reported to be a rapid (<5 min)
alternative method to GC for the determination of the FA composition of edible oils. The application of these
calibration models to the FT-NIR determination of total SFA, total trans FA, total MUFA, and total PUFA contents for
unknown test samples is rapid, cost effective, and potentially suitable for verifying compliance with food labeling
requirements. In the present three-lab limited collaborative study, the transferability of these PLS1 calibration models
to four other FT-NIR spectrometers from the same manufacturer was evaluated. The neat and underivatized oils
investigated consisted of one partially hydrogenated and five edible oils, and were selected because they contained a
wide range of SFAs, trans FAs, MUFAs, and PUFAs. The results of this study indicate that the available PLS1
calibration models were transferable to all four same-make FT-NIR spectrometers operating in either the transflection
or transmission mode. The FA composition of the various oils determined on all spectrometers fell within the accepted
limits of agreement between FT-NIR and GC. The FT-NIR precision data were consistent with those previously
reported in a GC collaborative study.

Studying Heterogeneous Microstructures of Spherulites of Lipid Mixtures by Synchrotron Radiation
Microbeam X-ray Diffraction Measurements. L. Bayés-García1, T. Calvet1, M.A. Cuevas-Diarte1, S. Ueno2, K.
Sato2, 1University of Barcelona, Barcelona, Spain, 2Hiroshima University, Higashi-Hiroshima, Japan

We have examined microstructures of spherulites made of two triacylglycerols (TAGs): POP (1,3-dipalmitoyl-2-
oleoyl-sn-glycerol) and OPO (1,3-dioleoyl-2-palmitoyl-sn-glycerol), which exhibit a mixing behavior of molecular
compound (MC) formation at a ratio of POP:OPO=50:50, using synchrotron radiation microbeam (beam area of 5x5
μm2) X-ray diffraction (SR-μ-XRD). Two types of spherulites were formed by quickly cooling the molten mixtures of
POP:OPO with ratios of 75:25 and 25:75. The spherulites were grown from neat liquid and solution (50% n-dodecane
and 50% POP+OPO). The SR-μ-XRD analysis revealed heterogeneous distributions of MC and component TAGs in
every spherulite, in a way that TAG compositions at the inner and outer areas were different when the relative ratios of
POP and OPO were changed. In the 75:25 spherulites, MC always occupied the inner areas and POP dominated the
outer areas, as a result of different rates of crystallization of MC and POP. By contrast, the whole areas were
homogeneously occupied either with OPO almost alone or with coexisting MC and OPO in the 25:75 spherulites. The
SR-μ-XRD studies also clarified that the lamellar planes of the crystals are directed parallel to the radial direction from
the central to outer regions of the spherulites.

ANA 4.1/PCP 4: Practical Methods for Assessing By-Product Quality
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Chair(s): B. Musselman, IonSense, USA; and L. Reimann, Eurofins Scientific Inc., USA

Pyrolysis GCMS and GCMS of Pyrolysis Oil, Powerful Analytical Techniques in Bio-Mass to Gasoline
Conversion Research. M.T. Cheng, Chevron, Richmond, CA, USA

It has been published that US yard waste, when converted to transportation fuel, can supply about one-third of US
gasoline needs. Yard waste is composed mainly of cellulose and lignins, both highly oxygenated, and polymeric in
structure. To satisfy the octane as well as the energy density requirement of modern passenger vehicle, it is necessary
to remove these oxygen atoms, as well as converting to compounds of much lower in molecular weight. Pyrolysis of
bio-mass is easily executed, and it can possibly generate compounds in the desirable carbon number range for gasoline.
In this report, the analysis of pyrolysis oil, and the use of pyrolysis GCMS will be discussed with the perspective of
gasoline manufacturing.

Development of a Simple and Green Analytical Method for Determination of Acid Number of Biodiesel and
Biodiesel Blends using Green Chemistry Approaches. A. Baig1, M.D. Paszti2, F.T.T. Ng1, 1Department of
Chemical Engineering, University of Waterloo, Waterloo, Ontario, Canada, 2Rothsay, a Division of Maple Leaf Foods
Inc., Guelph, Ontario, Canada

Biodiesel has gained importance throughout the world which has resulted in a significant increase in the commercial
use of biodiesel and biodiesel blends. Therefore, various quality standards such as ASTM D 6751 and EN 14214
included the acid number (AN) as an important quality parameter. Currently, alternative inexpensive feedstocks with
high FFA content are gaining momentum around the world. This requires an accurate determination of AN to monitor
the progress of the biodiesel production process. ASTM D 664 has major problems such as mediocre reproducibility,
tedious process for cleaning electrodes, relatively long analysis time, large sample size and use of excess toxic solvents
as well as it generates large amount of hazardous waste which is highly undesirable. This becomes critical for today′s
commercial production processes where time-efficient, cost-effective, and environmentally green analytical methods
are essential for meeting the quality standards. Therefore, a new analytical method based on green chemistry
approaches, has been developed. This proposed green analytical method could be used for the determination of AN of
biodiesel and biodiesel blends in R&D and industrial quality control laboratories as a simple, time-efficient, cost
effective,and environmentally friendly method.

A Simple, One-step, Quantitative Analytical Method for the Analysis of Fatty Acids in Natural Products. R.
Freeman1, T. Yuzawa2, C. Watanabe2, T. Ramus3, 1Frontier US, Antioch, CA, USA, 2Frontier Laboratories,
Koriyama, Fukishima, Japan, 3Diablo Analytical, Antioch, CA, USA

Precise fatty acid profiling is an essential step in the characterization of natural products including many food stuffs,
supplements, biomass processes and clinical diagnostic tests. Because fatty acids are thermally unstable, they are
converted to methyl esters prior to analysis. The most common method for derivatizing the acids utilizes BF3;
however, BF3 is toxic, is noted for its instability and is not universally available. This work describes, in detail, a
simple, automated method for profiling fatty acids in a complex matrix. The new method is based on reactive pyrolysis
(RxPY)-GC which is, actually, thermally assisted hydrolysis and methylation. Microgram quantities of the "untreated"
sample and a few μL of an organic alkali are placed in a small sample cup. When heated, FAMEs are formed and
separated by GC.The results of a recent validation study serve as the basis of this report. The impact of (1) using
TMAH, TMSH & m-TFPTAH, (2) the reaction temperature (3) and the reagent concentration on the degree of
isomerization will be presented. The analysis of C22:6, C20:4 and C6:0 will be used to compare the BF3 and PxPY
methods. Analytical precision is on the order of 1-2 %RSD. Quantitative results, based on both standard addition and
external standard techniques, will be reported.

The Effect of Pea Protein on Physicochemical Characterization and Oxidative Kinetics of Rapeseed Oil
Nanoemulsions. Elmira Arab Tehrany, Eugène Mallo, Nabila Belhaj, Behnoush Maherani, Michel Linder, Nancy
Université, Nancy, France

The rapeseed oil is one of the most important sources of mono unsaturated fatty acids (MUFA) and polyunsaturated
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fatty acids (PUFA). The susceptibility of PUFAs to oxidation increases because of their degree of unsaturation. The
present study focused primarily on the preparation and characterization of different formulations of nanoemulsions
composed of rapeseed oil and pea protein by high-pressure homogenization. The oxidative stability of samples was
closely monitored by infrared spectroscopy and gas chromatography. The particle sizes and electrophoretic mobility of
different nanoemulsions stabilized by pea protein were measured by dynamic light scattering. We measured viscosity,
crystallization and melting point by differential scanning calorimeter and retention of aromas compounds by pea
protein with CPG-Head Space of each nanoemulsion. The results showed that pea protein protects the rapeseed oil
from oxidation phenomena during 2 months and improves the sensorial quality of nanoemulsions by retaining some
aroma compounds like as n-decane. We observed that the stability and the size of nanoemulsions varied by adding the
pea protein at different concentrations. We can conclude that pea protein has an important influence on physico-
chemical and sensorial properties of rapeseed oil.

High Throughput Screening of Flax Peptides and Lignans. C. Olivia1, P.-G. Burnett2, D. Okinyo-Owiti2, M.
Bagonluri2, M. Reaney2, 1Department of Food and Bioproduct Sciences, University of Saskatchewan, Saskatoon, SK,
Canada, 2Department of Plant Sciences, University of Saskatchewan, Saskatoon, SK, Canada

The Flaxseed World Core Collection is consisted of 380 accessions that represent a wide variation of flax gene
resources. This collection, grown at Saskatoon, SK and Morden, MB in 2009 was screened for cyclolinopeptide (CLP)
and lignan (secoisolariciresinol diglucoside - SDG). Cyclolinopeptides are cyclic hydrophobic peptides containing
eight to ten amino acid residues with molecular weights of approximately 1kDa. Both CLPs and SDG have been
identified as biologically active compounds. In order to determine genetic variation in both CLP and SDG fractions of
the collection, the extracts were analyzed by reverse phase HPLC using UV detection at 214 nm and 270 nm. The
identity of eluting peaks was confirmed by comparison of retention time and UV spectra with those of authentic CLP
and SDG standards. Two novels CLP, found in cultivar TMP 2181 were subjected to LC-MS/MS for molecular weight
and sequence identification. Cyclolinopeptides and SDG profiling data will be presented and discussed.

Atmospheric Pressure Photoionization (APPI) for LC-MS Analysis of Lipids—An Overview. Sheng-Suan Cai,
Syagen Technology, Inc., Tustin, CA, USA

ESI has been the most widely used ionizer for LC-MS analysis of lipids. However, due to the wide structural diversity
of lipids, the most nonpolar part of the lipidome is often detected with low sensitivity by ESI. One of the strengths of
APPI is its ability to simultaneously ionize both polar and nonpolar lipids with high sensitivity. In addition, APPI has
been shown to give high sensitivity under both aqueous reversed phase and non-aqueous reversed phase or normal
phase LC conditions. Therefore APPI can be a better ionizer for simultaneously LC-MS analysis of both polar and
nonpolar lipids. APPI has been used for analysis polar and nonpolar sterols and oxysterols, water and fat soluble
vitamins (i.e. A, D, K), fatty acids and esters, acylglycerols, phospholipids (e.g., phosphatidylcholines,
phosphatidylethanolamines, phosphatidylserines, phosphatidylglycerols, phosphatidylinositols and phosphatidic acids),
sphingolipids (e.g., ceramides, cerebrosides, galactocerebrosides, sphingomyelin, sulfatides), and triterpenes (e.g.,
squalene), etc. In this presentation, I will give a comprehensive overview of APPI analysis of various classes of lipids,
together with APPI ionization mechanisms and how to maximize APPI sensitivity such as dopant selections and
mobile phase optimizations.

FAME Analysis Utilizing the Unique Selectivity of Ionic Liquid Capillary Columns. L. Sidisky, G. Baney, J.
Desorcie, K. Stenerson, D. Shollenberger, Supelco, Bellefonte, PA, USA

Analyses of fatty acid methyl esters (FAMEs) are continuing to gain importance as more research is focusing on their
biomedical impacts. This includes the analysis of saturated and polyunsaturated FAMEs along with the positional
geometric (cis and trans) FAME isomers. Traditionally, FAME analyses have been performed using silicone polymer
or polyethylene glycol based stationary phases that yield typical elution patterns. Analysts performing the task of
analyzing the fatty acid composition of food have a wide variety of capillary column selectivities available for
resolving the fatty acids as FAMEs depending upon the information they require from their analyses. Traditional
nonpolar methyl silicone columns, polar polyethylene glycol columns and highly polar cyanosilicone columns have all
been used to provide FAME resolution. A new class of stationary phases based on Ionic Liquid technology has now
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been developed and have been demonstrated to provide unique elution patterns for FAME isomers compared to the
traditional silicone or polyethylene glycol based stationary phases. We will compare and contrast the selectivity of the
ionic liquid phases with the polymeric based phases using Rapeseed Oil FAMEs.

Rapeseed Protein Extraction and Application. Frank Pudel1, Ralf-Peter Tressel1, Klaus Düring2, 1Pilot
Pflanzenöltechnologie Magdeburg e.V., Magdeburg, Germany, 2Axara Consulting, Frechen, Germany

Rapeseed proteins besides their high nutritional value possess promising functional properties. They enable
stabilization of emulsions and foams as well as formation of gel-like and other structured systems with high water
binding capacity. Therefore, a lot of new higher value applications in human nutrition, animal feeding and for different
technical purposes are envisaged. Numerous descriptions of technologies for processing of rapeseed proteins are found
in the literature. However, there are only few commercial applications. Rapeseed contains two protein fractions in
similar amounts: napin and cruciferin. These proteins have different solubility properties. Therefore, protein extraction
has to be more sophisticated to extract both almost quantitatively. Additionally, rapeseed contains some characteristic
secondary plant substances which interact with the proteins and negatively influence both their nutritional value and
their functional properties. Finally, protein yield and functionality are strongly dependent on the process steps applied
before protein extraction. The presentation will describe solutions for rapeseed protein extraction and purification
technologies, among them a new EBA IEX process which leads to extremely pure individual napin and cruciferin
proteins. Furthermore, results of application tests in aquaculture and in the paper industry will be presented.

Algal Polar Lipids Quantification by HPLC. J.A. Gerde, L. Yao, T. Wang, Dept. of Food Science and Human
Nutrition Iowa State University, Ames, Iowa, USA

High performance liquid chromatography with evaporative light scattering detection was used to characterize and
quantify all polar lipid species in Chlamydomonas reinhardtii, Scenedesmus spp., Nannochloropsis spp., and
Schizochytrium limacinum microalgae. Baseline separation of the polar lipids species (glycosyl sterols, monogalactosyl
glycerides, digalactosyl glycerides, and individual phospholipids) was achieved and the peaks were confirmed by mass
spectroscopy. 

Determination of Diacylglycerol Isomers in Vegetable Oils Gas Chromatography - Mass Spectrometry. H. Zhu,
S. Wang, M. Clegg, C. Shoemaker, University of California Davis, Davis, CA, USA

The verification of authenticity of extra virgin olive oil has been an international problem. A new standard has been
proposed relate to the ratio of 1, 2- diacylglycerol (DAG) to 1, 3- DAG. The identification of peaks has been a
significant problem in the GC analysis of DAG isomers in vegetable oils. In this study, gas chromatogram -mass
spectrometry (GC- MS) methods were developed to identify DAG isomers present in vegetable oils. DAGs were
isolated as polar fractions from oil samples by solid- phase extraction (SPE), and then the silyl derivatives were
separated by GC on a low polarity phase column, which allowed for the separation of DAGs according to their
molecular weight and chemical structure. Both electronic ionization and acetonitrile chemical ionization methods were
employed as ion sources to provide information about the isomeric structure and molecular weight of DAGs. By using
this method, twelve species of DAGs were determined in olive oil, grape seed oil and cocoa butter. In addition, three
silylation reagents, diol- phase and silica gel SPE columns were tested of their selectivity and recovery rate of DAG
isomers to improve the preparation method. The properties of dilaurin and diplamtin as internal standards were
compared by their response rates of to diolein and distearin, which were the main DAGs in olive oil and cocoa butter. 

Algal Biomass Constituent Analysis: Method Uncertainties and Investigation of Underlying Measuring
Chemistries. L.M.L. Laurens1, T.A. Dempster3, H.D.T. Jones2, 1National Renewable Energy Laboratory, Golden,
Colorado, USA, 2Sandia National Laboratories, Albuquerque, New Mexico, USA, 3Arizona Center for Algae
Technology and Innovation, Mesa, Arizona, USA

Algal biomass composition forms the basis of a large number of techno-economic process analysis models and is used
to investigate and compare different processes in algal biofuels production. Throughout the Sustainable Algal Biofuels
Consortium (SABC), a consistent analysis of the biomass constituents is necessary to score progress and conversion
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efficiency. Classical analysis techniques are based on empirical methods that have been in the literature for sometimes
over 50 years and have not been refined much or applied to a range of different algal strains. For example, no
universal lipid quantification procedure is currently available in the literature. We present data on the robustness of
methods for lipids, protein, carbohydrates, ash and moisture of algal biomass, across three institutions, 6 independent
researchers and over 12 days. This data set shows interesting trends with regards to the uncertainty associated with
each of the methods and revealed significant differences between different approaches to measuring protein, starch and
lipids. We present the results with associated statistics pointing to significant differences between laboratories but not
within one laboratory. We discuss the underlying measuring chemistries of the lipid, protein and carbohydrate
quantification procedures.

AFTERNOON

ANA 5: General Analytical

Chair(s): R. Della Porta, Frito-Lay Inc., USA; and S. Bhandari, Silliker Inc., USA

Analysis of Encapsulated Omega Fatty Acids in Selected Food and Ingredient Samples by Different Methods.
Sneh D. Bhandari, Tiffany Gallegos, Silliker Laboratories, Chicago Heights, IL 60411, USA

Omega fatty acids are being added to a wide variety of foods and ingredients for health reasons. These beneficial fatty
acids lately are being used in encapsulated forms to improve their stability and also for a variety of other reasons. The
analysis of encapsulated fatty acids is challenging. Selected food and ingredient samples were analyzed by different
methods for omega-3 fatty acids in this study to evaluate their performance. Methods evaluated include AOCS direct
method (AOCS Ce 1k-09) which does not require prior fat extraction as well as the AOAC 996.06 method.
Comparison of the results of omega-3 fatty acids obtained by different methods will be presented.

Identification of Minor Acylglycerols Less Polar than Triricinolein in Castor Oil by Mass Spectrometry. Jiann-
Tsyh Lin, U.S. Department of Agriculture, Albany, California, USA

Triacylglycerols in castor oil less polar than triricinolein were identified by electrospray ionization – mass spectrometry
using the lithium adducts of the acylglycerols from the HPLC fractions of castor oil. Thirty four new molecular species
of acylglycerols containing hydroxy fatty acids in castor oil were identified by MS. The chain lengths of fatty acid
substituents were C16, C18, C20, C22 and C23. The numbers of double bonds of the fatty acids were from zero to
three. The numbers of hydroxyl groups on the fatty acid chains were from zero to three as previously reported. The
structure of fatty acid, OH18:2, was proposed as 12-hydroxy-9,13-octadecadienoic acid. An unusual odd-numbered
long-chain fatty acid, 23:0 (tricosanoic acid), was identified. Some new estolides and tetraacylglycerols, were
identified as (12-ricinoleoylricinoleoyl)-ricinoleoyl-lenoleoyl-glycerol (RRRL), (12-ricinoleoylricinoleoyl)-
ricinoleoyl-oleoyl-glycerol (RRRO), (12-ricinoleoylricinoleoyl)-ricinoleoyl-palmitoyl-glycerol (RRRP), and (12-
ricinoleoylricinoleoyl)-ricinoleoyl-stearoyl-glycerol (RRRS). The normal fatty acid (non-hydroxylated) of these
tetraacylglycerols were directly attached to the glycerol backbone. The up-dated biosynthetic pathway of castor oil is
proposed.

Comparing the SLB-IL111 and SP-2560 Capillary Columns for the Quantification of trans Fatty Acids. Pierluigi
Delmonte1, Cynthia Tyburczy1, Ali Reza Fardin-Kia1, John K.G. Kramer2, Magdi M. Mossoba1, Jeanne I. Rader1,
1US Food and Drug Administration, College Park, MD, USA, 2Retired from Guelph Food Research Center,
Agriculture and Agri-Food Canada, Guelph, ON, Canada

The trans fat content of a fat or oil is most commonly assessed by summing the levels of individual trans fatty acids
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(t-FA) determined as methyl esters by gas chromatography. Current official methods for the quantification of fatty
acids (FA) in test samples of non-marine origin recommend the use of the cyanopropyl siloxane coated capillary
columns SP-2560 or CP-Sil 88. The recent introduction of the SLB-IL111, a novel capillary column marketed by
Supelco Inc., provides the analyst with an alternative separation tool characterized by a higher stationary phase polarity
and selectivity toward geometric and positional isomers of unsaturated fatty acids. Compared to the FA separation
provided by the SP-2560, the SLB-IL111 provides an enhanced separation of trans-18:1 FA isomers, thereby allowing
the independent quantification of most positional isomers including t11-18:1. The enhanced separation between trans
and cis monounsaturated FA geometric isomers also allows the quantification of t15-18:1 which coeluted with oleic
acid on the SP-2560 column, but elutes before oleic acid on the SLB-IL111 column. Neither column is capable of
separating all the FAs found in common edible fats and oil, but the SLB-IL111 provided more detailed FA profiles
than the SP-2560, especially for t-FA positional isomers.

Vegetable Oil Analysis by FT-NIR Spectroscopy. C. Heil, C. Moreland, M. Pressler, D. Drapcho, H. He, Thermo
Fisher Scientific, USA

Vegetable oils are one of the most widely utilized food ingredients and biofuel feed stocks. They are used directly in
food products as well as indirectly as cooking oils. In recent years the push for healthier and higher quality foods has
increased the demand for foods low in saturated fat and with no trans fat. This has increased the need for fast, accurate
and robust analytical techniques for testing the quality of vegetable oils. FT-NIR has several advantages that make it
an ideal analytical technique for meeting this need. FT-NIR performs analysis in seconds and is much more easily
performed by production operators than traditional methods which involve complicated, multi-step titration processes.
The use of FT-NIR leads to quicker turn-around time for critical to quality parameters and eliminates error prone
titration methods. Near-Infrared finds wide use for vegetable oil quality control due to fact that it can not only test the
quality of vegetable oil but also test the quality of oil seeds and perform in-line analysis for process control. This
presentation will demonstrate FT-NIR ability to analyze for level of saturation and classification of oils as well as look
at optimized analysis techniques for oils by near-infrared spectroscopy.

Combination of Glycine and Antioxidants as Potential Chelator for Iron(III) Intoxication Therapy. A.E.
Angkawijaya1, E. Hernowo1, L.H. Huynh1, A.E. Fazary2, Y.H. Ju1, 1Department of Chemical Engineering, National
Taiwan University of Science and Technology, Taipei 106, Taiwan, 2Department of Chemistry, Faculty of Science,
King Khalid University, Abha 9004, Kingdom of Saudi Arabia

Iron, in spite of it is essential to human's health, it can be harmful when presents in excessive amount. Severe iron
intoxication causes impaired oxidative phosphorylation and mitochondrial dysfunction, which can result in cellular
death, and can cause damage of organs such as heart, liver, and pancreas. Based on the ability of ligand to chelate with
metal ions, metal-chelator therapy have been used as antidote to chronic metal intoxication, in which this antidote
circulates in blood stream and thus reduce metal concentration in human body.In this study, glycine and phenolic acid
as ligands were used to mimic a biological system, in which phenolic acid acts as an antioxidant and glycine as the
building block of a protein. The phenolic acids that will be used are ferulic acid and gallic acid. Fe(III)-glycine-gallic
acid system in which 2 binding sites of gallic acid were considered has already been reported in literature. In this
study, we investigated the mixed ligand complex of Fe(III)-glycine-gallic acid by considering 4 binding sites of gallic
acid. The stability constant values of the formed mixed ligand complexes were determined by potentiometric method
and the calculation was performed by using Hyperquad2008 program.

Accelerated Solvent Extraction of Lipids from Extruded Dry Pet Food. L. Yao, K.M. Schaich, Rutgers University,
New Brunswick, NJ, USA

An Accelerated Solvent Extraction (ASE) method was developed to improve lipid extraction from extruded dry pet
food. Extraction efficiency was optimized by comparing different polarity solvents (chloroform: methanol 2:1 v/v,
hexane, isooctane, petroleum ether, chloroform, methanol and hexane: methanol 2:1 v/v), three particle sizes (<250,
250-500, >500 μ), solvent contact time and number of extraction cycles in extractions under 1500 psi pressure and
temperature limited to 40 °C to prevent hydroperoxide breakdown. Yields were quantified gravimetrically; lipid
classes extracted were identified by non-polar and polar high performance thin-layer chromatography. Recoveries
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ranged from 45% (methanol) to 138% (chloroform) total lipid. Excess yields included visible non-lipid contaminants.
Yields increased with solvent polarity and repeat extract cycles; smaller particles generally increased extraction yields
but effects varied with product. 10 to 20 minutes solvent contact was required for solubilization of neutral lipids.
Methanol with short contact time was indispensable for removal of phospholipids; it also dissolved neutral lipids by
co-solubilization with polar lipids. Hexane:methanol 2:1 gave quantitative full recovery of all lipid classes with little
or no contamination, thus can replace traditional chlorinated hydrocarbons as less toxic solvents in ASE systems.

Toward Creating More Reliable Analytical Results in the Soybean Industry - The SQT Program. Jelena Medic1,
Charles Hurburgh1, Christine Atkinson2, 1Iowa State University, USA, 2AOCS, USA

The Soybean Quality Traits Analytical Standards (SQT) program has been operated by AOCS with funding from
United Soybean Board since 2008. Its purpose is to assist users of laboratory analytical methods and rapid technologies
(such as Near Infrared Spectroscopy-NIRS) in improving the accuracy and systemwide consistency of their results.
Protein, oil, and fatty acid profiles of soybeans and soybean meal have been the targets of the SQT program.
Expansion into amino acids is planned for 2012. Quarterly sets of 4 samples each of soybeans and soybean meal have
been sent to participants, with the data collected by AOCS. This presentation will summarize results from the start of
the program, and will present an improved format for reporting back to participants. Alternative measurements of
accuracy and standards will be discussed; user and audience input will be sought.

ANA 5.1/S&D 5: Analytical and Characterization Techniques for Probing Structure/Performance Relationships of Colloidal
Systems

Chair(s): Hui Li, Bruker Optics, USA; and D. Scheuing, Clorox Co., USA

Quartz Crystal Microbalance (QCM) studies of C12E6 and CTAB Adsorbed at Interfaces and the Effect of
Coadsorbents, Roughness and Temperature. B.P. Grady, University of Oklahoma, Norman, OK, USA

QCM measures the change in frequency of an oscillating quartz crystal and is sensitive to both adsorbed mass as well
as the rigidity of the membrane. Gold and silica surfaces were studied. Although we were expecting gold to serve as a
hydrophobic substrate, after cleaning procedures the substrate was more hydrophilic than hydrophobic and adsorption
was similar for the two surfaces when normalized to the actual surface area. Flat adsorbed morphologies (bilayer or
monolayer) have much more rigidity than curved layers and dissipation can be used as an indirect measure of
morphology. The introduction of small molecule moieties, both polar and non-polar, were shown to drive the
morphology towards a flat morphology, which is easily understood given the ability of a flat morphology to more
easily incorporate small molecules. Finally, dissipation and adsorbed amount show a maximum at the CMC for rougher
QCM surfaces. This effect is the solid-liquid analogue of the minimum in surface tension that occurs at the air-liquid
interface: impurities that above the CMC are solubilized in micelles will adsorb at the surface (either in admicelles or
directly to the surface) when the concentration is below the CMC.

Use of Isothermal Titration Calorimetry (ITC) to Evaluate the Adsorption of Surfactant on Iron Oxide. E.
Acosta, Z. Wang, University of Toronto, Toronto, ON, Canada

The adsorption of sodium oleate, sodium laurate and sodium dodecyl sulfate (SDS) on iron oxide nanoparticles was
followed using total organic carbon analysis of the supernatant solution and via isothermal titration calorimetry (ITC).
The adsorption isotherms of sodium oleate and sodium laurate follow a classical S-shape isotherm, while SDS shows
insignificant adsorption on iron oxide. The ITC experiments show that there are significant differences in the heat of
adsorption in the different regions of the adsorption isotherm. The ITC technique is very useful in characterizing the
surfactant-surface interaction. However, this technique cannot be readily used to obtain the adsorption isotherm due to
simultaneous adsorption processes taking place during titration.

Surfactant Analysis by Infrared Spectroscopy. Thomas Tague, Bruker Optics, USA
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Surfactants, detergents, and other lipid based products have been detected and analyzed by infrared spectroscopy. Very
small amounts of surfactants and other products can be readily detected, identified, and quantified using infrared
spectroscopy. The middle infrared region (MIR, 400-4,000 cm-1) allows access to fundamental vibrational analysis
providing excellent sensitivity and selectivity. The infrared fingerprint of a molecule is unique due to the uniqueness of
the reduced mass. Lastly, Beer's Law correlates the absorptivity to concentration allowing for the quantification of
chemical species. As the structure of a given surfactant changes, so does the MIR "fingerprint". Examples will be
shown that demonstrate the ability of infrared spectroscopy to differentiate and identify surfactants.

A Hard-surface Cleaning Performance Test Method with in-situ Photometric Characterization. D. Li, P.T.
Sharko, Shell Global Solutions (US) Inc., Houston TX, USA

Hard-surface cleaners are used in large volume. The recent market trend is an increasing focus on efficiency and speed
of cleaning (e.g. good cleansing with less soaking time and minimum reps of mechanical motions). Among the existing
performance test methods, few are convenient for measuring the kinetics of the cleaning process. In this talk, we
present a hard-surface cleaning performance test method with in-situ photometric characterization. With a mounted
digital video camera to record the reflectance of the soiled substrate after each scrubber stroke, we are able to resolve
the cleaning performance of the surfactant solutions and kinetics of the process in stroke-by-stroke detail. We believe
this method is valuable to surfactant suppliers and hard-surface cleaner formulators in screening surfactant/blends for
desired cleaning performances.

Imaging the Polymer Network Structure of Ethylcellulose Oleogels using Atomic Force and Cryo-scanning
Electron Microscopy. A.K. Zetzl, A.G. Marangoni, S. Barbut, University of Guelph, Guelph, Ontario, Canada

The GRAS (generally recognized as safe) polymer ethylcellulose has the ability to form oleogels at levels as low as
4%. Polymer organogels have the potential to provide the functionality of high-saturate fats, while possessing the fatty
acid profile of the gelled vegetable oil they consist of. Though some attempts have been made to image these types of
oleogels, they have been fairly unsuccessful until now. By using a solvent to remove a layer of oil from the surface of
the gels, the now exposed polymer network can be imaged. Canola oil, soybean oil, and flaxseed oil oleogels were
made using ethylcellulose of various molecular weights. Cryo-scanning electron and atomic force microscopy were
used to identify differences in the ethylcellulose polymer network for these different gels. By using these microscopy
techniques to establish a connection between microstructure and texture, this will give a great insight into these types
of oleogels. We should then be able to modify these oleogels and improve their functionality for use in food products.

Direct Analysis of Surfactants using HPLC with Charged Aerosol Detection. M.A. Plante, B. Bailey, I.N.
Acworth, Thermo Scientific, Chelmsford, MA, USA

Surfactants are a diverse group of chemicals structures which are widely used in commercial products and are typically
composed of an oil-soluble hydrocarbon chain and a water-soluble ionic group. Industrial uses extend from detergents
in shampoos and cleaning products, ion pairing agents used in chromatography, and to complex dispersants used for
oil spills. Many of these commercial surfactants are mixtures of members of homologous series, and LC is capable of
defining these mixtures. HPLC methods for a number of surfactants which contained no UV-chromophores often use
RP-HPLC with non-suppressed or suppressed mode conductivity or indirect photometric detection. However, charged
aerosol detection (CAD) can measure any non-volatile, and many semi-volatile compounds, typically to low ng
sensitivity. Furthermore, as response is similar for all compounds and independent of chemical structure, CAD is ideal
for measurement of surfactant species. Generally the reproducibility for methods using CAD is less than 2%RSD.
Sensitive methods are described for the analysis of various surfactant classes including anionic alkyl sulfonates (lauryl
sulfate), cationic quaternary amines (lauryldimethylbenzylamine), non-ionic block copolymer (Pluronic F-68), and
complex mixtures of oil dispersants (Span 80).

Viscous Heating in a Mini-Couette Cell Used in Rheo-XRD and Rheo-NMR Research. F.C. Wang, G. Mazzanti,
Dalhousie University, Halifax, NS, Canada

A mathematical model is proposed to describe the temperature increase due to viscous heating in a mini-Couette cell
used in Rheo-XRD and Rheo-NMR experiments on triglycerides crystalliztion. The model is tested with a standard
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Newtonian rheological oil. The cooling fluid inlet and outlet temperature and the mechanical power delivered to the oil
are measured at temperature range of 1-20°C under rotational speeds of 0.1 and 50 rps. The average shear rates
corresponding to these rotation speeds are calculated taking into consideration the curvature of the cell and the
temperature dependence of the viscosity and the thermal conductivity of the oil. As expected, the oil is almost
isothermal at low shear rates, as there is no significant increase in the oil temperature. At high shear rates, there is a
high temperature gradient across the oil and consequently a considerable departure from the radial shear rate
distribution compared to an isothermal oil. The model is essential for the interpretation of viscometric experiments
done under shear flow in small-enclosed cells with high curvature, for understanding the crystallization behaviour of
triglyceride mixtures. They also help with the calibration of the rheometer under high shear rate conditions, as well as
for the design of industrial shearing crystallizers.

Analytical Posters

 Chair(s): F. Eller, USDA, ARS, NCAUR, USA

Analysis of Lipid Classes by HPTLC.
J.A. Noriega Rodríguez1,2, F.J. Pino Bovey2, A. Onofre Sestiaga2, H.S. García3, 1Universidad de Sonora Unidad
Regional Norte, H. Caborca Sonora, Mexico, 2Universidad de Sonora, Hermosillo Sonora, Mexico., 3Instituto
Tecnológico de Veracruz, Veracruz Ver., Mexico

The high performance thin layer chromatography (HPTLC) is a rapid and relatively cheap method widely employed for
the separation of complex mixtures. In this work the method of HPTLC for the separation and analysis of lipid classes
was standardized. First, the solvent proportion was optimized analyzing the retention factor (Rf) related to the polarity.
With this method it was possible to analyze up to 36 samples, separating and analyzing phospholipids,
monocylglycerols, 1,2 and 1,3 diacylglycerols, free fatty acids and triacylglycerols, with excellent resolution in only
one bidirectional plate in a time of 5 min. A dynamic lineal range (R2>0.9) was established by densitocolorimetry
analysis for the quantification of each component. Furthermore, the respective detection and quantification limits were
determined.

Pro-oxidant and Antioxidant Effects of Bioactive Polyphenols in Lipid Foods.
L. Zhou, R. Elias, Pennsylvania State University, University Park, PA USA

Polyphenols are attractive functional ingredients in formulated foods. However, polyphenols containing ortho-
dihydroxy groups readily undergo metal-catalyzed oxidation, resulting in hydrogen peroxide H2O2 and hydroxyl
radical (•OH) generation which may compromise the oxidative stability of lipids. These reactions are highly dependent
upon pH and the presence of metal chelators, therefore we evaluated the stability of a model polyphenol, (-)-
epigallocatechin-3-gallate (EGCG), and its H2O2 production, in 5wt% hexadecane emulsions treated with ferric iron
and a ferric chelator (ethylenediaminetetraacetic acid, EDTA) or a ferrous chelator (2,2-bipyridine, BPY) at pH 3 or 7.
At pH 7, H2O2 concentrations increased rapidly in samples containing BPY; however, EDTA-containing samples
showed no H2O2 accumulation, even though this treatment resulted in the highest EGCG oxidation rate. Electron
paramagnetic resonance analysis revealed rapid H2O2 reduction to •OH. At pH 3, EGCG was the most stable with
EDTA, though little H2O2 accumulation was observed in all treatments. In 5wt% flaxseed emulsions, all EGCG-
treated samples displayed lower lipid hydroperoxides and TBARS at pH 7, while increased TBARS were observed in
the EGCG-control and EGCG+BPY treatments at pH 3. These results suggest that while EGCG exerts oxidative stress
on food lipids, the net antioxidant effect is dependent on many factors. 

Physico-chemical Characterization of Aril Juice Extracted by Blender and Mechanical Press from Pomegranate
Cultivars Grown in Georgia.
D. Rajasekar, C.C. Akoh, K.G. Martino, D.D. MacLean, University of Georgia, Athens, GA, USA

Pomegranate juice is widely known for its health benefits. The aril juice from fifteen pomegranate cultivars grown in
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Georgia were investigated for juice yield based on fresh weight (FW) and phytochemical properties using blender and
mechanical press extractions. Blender gave a higher juice yield (42.04% FW) compared to mechanical press (38.05%
FW). Total phenolics and antioxidant capacity was measured by Folin-Ciocalteau method and ferric reducing
antioxidant power (FRAP), Trolox equivalent antioxidant capacity (TEAC), and oxygen radical absorbance capacity
(ORAC) assays, respectively. Positive correlations were found between total phenolics and antioxidant capacity in
light and dark colored juices from both extraction methods. Total monomeric anthocyanins were determined by pH
differential method and RP-HPLC. Delphinidin 3-glucoside was the major anthocyanin. Negative, significant (p ≤
0.05) correlations existed between pH and titratable acidity (TA). The total soluble solids (TSS) averaged 15.59 in
blender and 14.94° Brix in mechanical press. Significant differences among cultivars and extraction methods existed.
Results suggest that the blender is a more efficient extraction method with higher juice yield and antioxidant properties
compared to mechanical press.

Quantitation of Triacylglycerol Species in PUFA Rich Oils.
E. Schweiger, B. Mueller, DSM Nutritional Products, Boulder, CO, USA

Triacylglycerol (TAG) molecular species identification is important for the characterization of nutritional oils.
Establishing an analytical technique for quantitating mixed fatty acid TAG species has proven difficult due to response
differences, limited availability of standards, and the complex mixture of molecular species present. The literature
describes a response factor approach used to quantitate TAG species in various plant oils with high oleic acid content,
but has not been previously attempted for oil high in polyunsaturated fatty acids (PUFA). A modified version of the
response factor approach was developed to accurately quantitate the various molecular TAG species present within
PUFA oils. Commercially available PUFA rich algal oils produced by DSM Nutritional Products were analyzed by an
optimized non-aqueous reverse-phase LC/MS (APCI) method. Calibration curves were constructed from single fatty
acid TAG species in relation to an added TAG internal standard. Major mixed-acid TAG species were quantitated
based on the average slope from the calibration curves of the single-acid TAG present within each species. Accuracy
of the quantitation was confirmed by comparison to quantitation of the major fatty acids, analyzed as fatty acid methyl
esters (GC-FID). The modified method was applicable to quantitate TAG species in both plant and PUFA oils.

Characterizing Oils Shelf-life by Means of an Electronic Nose.
C. Schneider, H. Lechat, F. Ayouni, M. Lamboy, M. Bonnefille, Alpha MOS, Hanover, MD, USA

Vegetal oils are particularly sensitive to degradation induced by light or heat, which generally alters their sensory
features. Assessing the shelf-life of such oils is not easy for classic sensory evaluation methods. The use of an
electronic nose is proposed to rapidly assess the overall odor of oils and its evolution over time compared with a
reference sample.Three types of vegetal oils exposed to light for varying periods were analyzed with the HERACLES
E-nose. HERACLES clearly discriminates among the oils and shows that the odor profile of linolenic oil was the least
impacted by light exposure. It could be determined that pentanal and hexane concentrations were directly linked to the
level of photo-oxidation. The same methodology was applied to frying oils having undergone increasing numbers of
frying cycles. The analysis showed that the amount of volatile compounds significantly increases with the number of
frying cycles, and that the various oils didn't exhibit the same changes.The E-nose system can be employed to better
understand the influence of light and heat on vegetal edible oils. The data suggests the system is extremely sensitive to
off-odors associated with oxidation and can be used to deliver recommendations for oil use and preservation.

Kinetic Interactions Between Cyclolinopeptides and Immobilized Human Serum Albumin.
Youn Young Shim, Shahram Emami, Martin J.T. Reaney, Department of Plant Sciences, University of Saskatchewan,
Saskatoon, SK, Canada

Cyclolinopeptides (CLPs) are octa-, nona- and deca-peptides present in flax (Linum usitatissimum L.) seed that may
have antitumor activities but little is known of their pharmacokinetics. Human serum albumin (HSA), the most
abundant protein in blood plasma, is an important mediator of organic solute flux and hence drug efficacy.
Quantitative thermodynamic analysis of the interaction of compounds with HSA is important in the development of
biomedical applications. Surface plasmon resonance (SPR) biosensors were utilized to reliably determine binding
constants for several CLPs with HSA. The maximum binding response of CLP-A/HSA was almost 20-fold higher than
CLP-E/HSA. Through analysis of an array of peptides it was possible to correlate the impact of structural changes on
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CLP binding. The oxidation of sulfur in methionine residues to form methionine sulfoxide significantly reduced
binding. Most strikingly, the further oxidation of methionine sulfoxide to the sulfone produced CLPs with strong
binding. The large impact on binding by relatively small modifications of methionine containing CLPs suggests that
hydrophobic interaction was the predominant intermolecular force stabilizing the complex between CLPs and HSA.
The SPR binding studies may aid in the development of cyclic peptides as drugs or drug carriers.

Rapid (<5 min) FT-NIR Screening of Edible Oils for Total SFA, Trans FA, MUFA and PUFA and Comparisons
to GC and Values Declared on Nutrition Labels.
Magdi Mossoba1, Cynthia Tyburczy1, Francisco Bueso2, Hormoz Azizian3, John Kramer3, Pierluigi Delmonte1, Ali-
Reza Fardin-Kia1, Jeanne Rader1, 1Food and Drug Administration, College Park, MD, USA, 2Escuela Agricola
Panamericana, Tegucigalpa, Honduras, 3NIR Technologies Inc., Oakville, ON, Canada

Since labeling requirements for total SFA and trans fat became mandatory, there has been a need for rapid and
accurate analytical methodologies that would facilitate compliance with the regulations. GC has been the method of
choice because it provides detailed information on FA composition. However, GC is time consuming, requires
derivatization of oils to volatile FAME, and expertise to accurately identify and quantify GC peaks. An alternative FT-
NIR procedure for the rapid (<5min) determination of FA composition was developed. It utilizes neat (undiluted),
underivatized oils and requires no sample preparation. This FT-NIR screening procedure allowed the rapid
determination of amounts of total SFA, trans FA, MUFA, and PUFA in 29 common edible oils. Similarities and
dissimilarities among results obtained by FT-NIR and GC as well as comparisons with label declarations will be
discussed. For samples of safflower oil and sunflower oil, the total MUFA concentrations determined by FT-NIR were
502% and 365%, respectively, of the values declared on the product labels.

Separation of Policosanol and Fatty Acid Ethyl Ester by a Phenogel Column.
Salisa Chumsantea1, Kornkanok Aryusuk1, Narumon Jeyashoke1, Supathra Lilitchan2, Kanit Krisnangkura1,
1Biochemical Technology Division, School of Bioresources and Technology, King Mongkut's University of
Technology Thonburi, Thailand, 2Department of Nutrition, Faculty of Public Health, Mahidol University, Thailand

Differential Hydrolysis of oxo-PtdChos by Group IIA, V and X Secretory PLA2s.
A. Kuksis, W. Pruzanski, University of Toronto, Toronto, ON, Canada

Previous work (Pruzanski et al, 2005) has shown that Group IIA, V and X sPLA2s exhibit significant differences in the
preference of hydrolysis of oligoenoic and polyenoic PtdChos of plasma lipoproteins. Group V sPLA2 prefers
linoleoyl GroPChos, and group X sPLA2 the arachidonoyl GroPChos, while group IIA sPLA2 hydrolyzes both
oligoenoic and polyenoic PtdChos at about the same rate. We have now compared the composition of the molecular
species of oxo-PtdCho before and after incubation of plasma lipoproteins with the three sPLA2s for 1-24 hours. Group
V sPLA2 hydrolyzed the monohydroperoxides and hydroxides of linoleoyl GroPChos in preference to the
hydroperoxides and hydroxides of arachidonoyl GroPChos, while groups IIA and X sPLA2s hydrolyzed the
monohydroperoxides and hydroxides of arachidonoyl GroPChos in preference to the hydroperoxides and hydroxides of
linoleoyl GroPChos. The dihydroperoxides, dihydroxides and isoprostanes of PtdCho showed variable resistance to
hydrolysis by the three enzymes. Due to extensive protein binding of PtdCho core aldehydes, comparisons of their
hydrolysis by sPLA2s were not obtained.The absence of preferential hydrolysis of oxo-PtdChos by sPLA2s was
unexpected and its physiological significance is not known. The analyses were based on LC/ESI-MS.

Evaluation of the Performance of Heated, Single and Multiple-Bounce ATR-FT-mid-IR Spectrometers for the
Rapid Determination of Total trans Fat in Oils.
Magdi Mossoba, Cynthia Tyburczy, Ali-Reza Fardin-Kia, Pierluigi Delmonte, Jeanne Rader, Food and Drug
Administration, College Park, MD USA

In the United States, the declaration of the trans fat content of most processed foods is mandatory. Trans fat levels of
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less than 0.5 g/serving can be labeled as "0 g/serving" in the Nutrition Facts panel. The level of 3.6% trans fat in
processed oils, as a percent of total fat, needs to be measured with confidence to ensure compliance with the current
labeling requirement for "0 g trans fat/serving". The determination of total trans FA by mid-IR was standardized as
AOCS Official Method Cd 14e-09 in 2009. The IR C-H out-of-plane deformation band observed at 966 cm-1 is
uniquely characteristic of isolated (non-conjugated) double bonds with trans configuration. The performance of a
benchtop ATR-FTIR relative to that of a portable spectrometer equipped with heated 1-, 7-, or 9-bounce diamond ATR
crystals was evaluated. The dependence of the ATR-FTIR determination on the reference background material (air vs
trans-free oil), the calibration standard (mono-trans 18:1 vs. mono-trans-18:2), and the presence of non-FA
components with trans double bonds in processed oils will be discussed. The impact of these factors on differences
between IR and GC methods for the determination of the trans FA content of processed oils will be evaluated.

California Extra Virgin Olive Oil: Quality Parameters.
L. Scarafia, Agbiolab, Inc., Durham, CA, USA

In recent years there has been a substantial increase in California Extra Virgin Olive Oil production mostly coming
from hundreds of small producers and few large mills. Overall the production remains small in relation to the USA
domestic consumption that is vastly supplied by imported oil. With passage in October 2010 of the new USDA Olive
Oil Grade Standards there has been a higher awareness in monitoring quality of olive oil, both imported and domestic.
But there is a void of recent data of olive oil quality from California, where most US olive oil is produced. We present
a summary of quality measurements obtained from California Extra Virgin Olive Oils analyzed over a year.

Chemical Properties of Oils Cold-pressed from 8 Varietals of California Grape Seeds (Vitis vinifera L.).
Shuaikun Tang, University of California, Davis, USA

Grape seed oils are the valuable by-product of winemaking. This study evaluates the chemical properties of 8 varietals
of grape seed oils, which varietals are common wine grapes. The sample oils are cold-pressed from seeds collected
from costal area of north California in 2010 and 2011. Quality indices, fatty acid profile, total polyphenol levels, sterol
and flavor compounds are analyzed. Varietal differences are discovered among all the properties. Free fatty acid,
peroxide values and total polyphenol results indicate a significant difference between oils extracted from red wine
seeds (Pinot Noir, Syrah, Cabernet Sauvignon, Zinfandel and Merlot)and white wine seeds (Riesling, Sauvignon Blanc
and Chardonnay). Pinot Noir seed oil has the highest level in both free fatty acid and peroxide value. GC analysis of
fatty acid composition suggested linoleic acid and oleic acid level vary from 76.5% (Riesling) to 69.0% (Chardonnay),
from 19.3% (Chardonnay) to 13.2% (Riesling). The main sterols in the oils are beta-sitosterol, Delta 5-avenasterol,
Delta 5, 23-stigmastadienol. 1-buthyl-3-methylacetate was found in largest amount in volatile compounds in Syrah.
Hexanal, pentenal and other volatile compound are also found in the oil samples.

FTIR - A Rapid Method for Determination and Quantification of Polysorbate 60 in Fats and Oils.
K. Reihel, G. Sekosan, S. Seegers, T. West, Bunge North America, USA

In recent years, different reports have shown great potential in the evaluation and control of edible oils and fats using
infrared spectroscopy. In this study, a new calibration curve was constructed using the infrared method. It can be used
to identify and quantify the amount of Polysorbate 60 present in liquid oil and shortening in less than 5 minutes. The
results obtained with the infrared method can be verified through analysis by wet chemistry and HPLC methods.

Atmospheric Pressure Photoionization (APPI) for LC-MS Analysis of Lipids—An Overview.
Sheng-Suan Cai, Syagen Technology, Inc., Tustin, CA, USA

ESI has been the most widely used ionizer for LC-MS analysis of lipids. However, due to the wide structural diversity
of lipids, the most nonpolar part of the lipidome is often detected with low sensitivity by ESI. One of the strengths of
APPI is its ability to simultaneously ionize both polar and nonpolar lipids with high sensitivity. In addition, APPI has
been shown to give high sensitivity under both aqueous reversed phase and non-aqueous reversed phase or normal
phase LC conditions. Therefore APPI can be a better ionizer for simultaneously LC-MS analysis of both polar and
nonpolar lipids. APPI has been used for analysis polar and nonpolar sterols and oxysterols, water and fat soluble
vitamins (i.e. A, D, K), fatty acids and esters, acylglycerols, phospholipids (e.g., phosphatidylcholines,
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phosphatidylethanolamines, phosphatidylserines, phosphatidylglycerols, phosphatidylinositols and phosphatidic acids),
sphingolipids (e.g., ceramides, cerebrosides, galactocerebrosides, sphingomyelin, sulfatides), and triterpenes (e.g.,
squalene), etc. In this presentation, I will give a comprehensive overview of APPI analysis of various classes of lipids,
together with APPI ionization mechanisms and how to maximize APPI sensitivity such as dopant selections and
mobile phase optimizations.

Fatty Acid Profiles of Tilia spp. Seed Oils.
M.K. Dowd, M.C. Farve, SRRC, ARS, USDA, New Orleans, LA, USA

As part of a broad study of the seed oil fatty acid composition of Malvaceae plants, seeds of seven Tilia species (limes
or linden trees) were evaluated for their fatty acid profiles. Seeds were obtained from the Germplasm Research
Information Network and from various commercial sources. After extraction of the oil with hexane, glycerides were
trans-methylated and analyzed by gas chromatography on two stationary phases. All of the species analyzed were
composed primarily of linoleic acid (48-62%) with lesser amounts of oleic (16-22%) and palmitic (8-10%) acids. The
usual secondary components were also detected. In addition, cyclopropenoid acids (i.e., sterculic and malvalic acids)
were detected at levels between 5 and 16%. In all samples, the level of malvalic acid was approximately double the
level of sterculic acid, indicating that considerable α-oxidation of sterculic acid occurred in these seeds. Two additional
α-oxidation products, 8-heptadecenoic acid and 8,11-heptadecadienoic acids, were also detected. Combined, the level
of these fatty acids was between 1.3 to 2.3%, roughly comparable to the levels of these acids recently observed in the
seed oil of Thespesia populnea.

Comparison of the Key Aroma Compounds in Raw and Roasted Styrian Pumpkin Seeds.
Susan Poehlmann1, Peter Schieberle1,2, 1Technical University of Munich, Chair of Food Chemistry, Freising, Bavaria,
Germany, 2German Research Center for Food Chemistry, Freising, Bavaria, Germany

Styrian pumpkin seed oil is a much appreciated edible oil with an increasing demand, because of its characteristic
nutty, roasty flavor. It has been approved by the Commission of the European Union as a product of "Protected
Geographical Indication". The special aroma of the oil is formed during the roasting process of the Styrian pumpkin
seeds (Cucurbita pepo subsp. pepo var. Styriaca) prior to the pressing. However, up to now, the odorants of raw and
roasted pumpkin seeds and their changes by the heating step have scarcely been analyzed. Hence, the aim of this study
was to investigate the key aroma compounds of raw and roasted Styrian pumpkin seeds on the molecular basis and to
estimate their changes during the roasting process. To get a first insight into the odor-active constituents, an aroma
extract dilution analysis was performed. A comparison of the obtained Flavor Dilution factors of the odorants shed
light on compounds, which were generated by the roasting process. To demonstrate these differences, 16 selected
aroma compounds were quantified in the raw and roasted seeds by Stable Isotope Dilution Analysis. Further, first
indications of odorless aroma precursors in the pumpkin seeds could be achieved.

Comparative Study of Methodologies for Determination of Total Glycerin Content in Biodiesel by Different
Analytical Techniques.
F. R. Bürgel1, M. M. J. Vinhoza1, A. S. Vieira1, J. Felcman1, S. C. de Menezes2, 1Pontific Catholic University of Rio
de Janeiro, Rio de Janeiro, Rio de Janeiro, Brazil, 2Petrobras/Cenpes, Rio de Janeiro, Rio de Janeiro, Brazil

Brazil is one of the world's largest producers and consumers of Biodiesel. In January 2005, the Biodiesel was
introduced in the country's energetic matrix. Currently, all diesel fuel commercialized in Brazil contains 5% of
Biodiesel added, showing the success of the National Program of Biodiesel. As Brazil is very rich in alternatives of
biodiesel feedstock, the study of a single method to determine total glycerin applicable to Biodiesel samples produced
from any of the feedstock was demanded. A titrimetric method was developed based on an AOCS Ca 14-56 and
generated the Brazilian standard ABNT NBR 15344.This study compares a Determination of Total Glycerin in
Biodiesel by ABNT NBR 15344 standard (titrimetric method) to the gas chromatographic technique ASTM D6584.
Some samples of biodiesel coming from different feedstock were used. The results were compared and the correlation
coefficient of R2 > 0,95 between methods was obtained. The method is also effective to determine total glycerin in
biodiesel samples in which ASTM D6584 are not applicable like for example castor oil biodiesel.
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Tutorial on the Use of Radiocarbon Measurements to Determine the Modern Carbon Content of Biobased
Products.
G.A. Norton, Iowa State University, Ames, IA USA

Radiocarbon is an unstable carbon isotope that can be used to determine the modern carbon content of virtually any
carbon-containing material. As such, it can be used to analyze biofuel blends, lubricants, hydraulic fluids, cleaners,
polymers, and foods, just to name a few. Radiocarbon analyses are used routinely to determine the "biobased content"
of commercial products for the USDA BioPreferred program, and can be used for quality control, troubleshooting, and
product development applications for product manufacturers. Some specific examples of how radiocarbon analyses
have helped product manufacturers for those applications will be presented. Critical assumptions in the radiocarbon
measurements will be discussed, and the advantages and disadvantages of various sample processing and analytical
approaches used for the radiocarbon measurements will be summarized. Analytical instrumentation, testing fees for
analytical laboratories, and available testing laboratories in the U.S. will be reviewed.

Determination of Sterols in Olive Oils from Different Varieties using Solid-Phase Extraction followed by Gas
Chromatography-Mass Spectrometry.
Yi Zhou, Selina Wang, Hanjiang Zhu, Charles F. Shoemaker, University of California Davis, Davis, CA, USA

Phytosterols comprise a major portion of the unsaponifiables in oils and have been used to characterize vegetable oils.
According to American Oil Chemists' Society official method, the thin layer chromatography (TLC) is a conventional
method to isolate sterols. However, it can be time consuming, uses a large amount of solvents, and gives low recovery.
In this study, a new method was developed to fractionate sterols from olive oil using SPE columns (silica, 6 mL). The
volume of eluting solvent mixture and its ratio were examined to reach the maximum recovery shown by the internal
standard 5 -cholestane. The sterols were derivatized to trimethyksilyl(TMS) ether and analyzed by Gas
Chromatography-Mass Spectrometry (GC-MS). The predominant phytosterols, including campesterol, β-sitosterol,
stigmasterol and Δ5-avenasterol were determined by comparing the mass spectra with published values. This method
was applied to determine the sterol profiles of extra virgin olive oils produced in California. The predominant sterol
profiles from different cultivars (i.e. arbequina, koroneiki, manzanillo, frantoio, mission and ascolano) were
estabilished and compared with those of the TLC method. Statistical analysis confirmed the significant differentiation
among the olive oil samples from different varieties. This new method for determination of sterol profiles in olive oil
not only allows a more rapid and easier sterol separation step but also saves preparation time and the amount of
chemical solvents used.

Lipid Chemical Stability and Particle Heterogeneity Determination of siRNA Lipid Nano Particles.
J. Schariter, L. Arrington, J. Davis, L. Klein, A. Latham, Y. Zhang, A. Leone, Merck & Co., Inc., New Jersey, USA

One of the primary challenges in realizing the full potential of RNAi therapeutics is the efficient systemic delivery of
siRNA to the target cells. To date, formulations in lipid nanoparticles (LNPs) represent the most promising and widely
used strategy for in vivo delivery of siRNA. The complex nature of siRNA LNP formulations containing multiple
lipids as the functional excipients presents a great challenge to the development of a stable formulation and
necessitates a thorough chemical assessment along with detailed chemical analysis of the polydispersity of the LNP.
Lipid chemical stability was assessed using UHPLC coupled with charged aerosol detection (CAD) to determine
degradation products. Lipid hydrolysis was found to be the greatest stability liability, and due to the low level of
degradation (1/2), reaction rates appear to be pseudo-zero order. Particle heterogeneity of the siRNA lipid
nanoparticles has been found to be formulation dependant, typically related to the cationic lipid type. Polydispersity
can be seen in the particle size distribution, N/P ratio and lipid mole percent composition. In order to screen various
formulations for heterogeneity, an offline 2D chromatography system (Dionex Ultimate 3000) was used to fractionate
the formulation according to size (SEC-UV, first dimension), followed by automatic re-injection of the fractions to
determine the RNA concentration (UV, 1st second dimension) and lipid mole percent (CAD, 2nd second dimension). 

Sensory Profiling of Omega–9 and Commodity Canola Oil During Oil Purification.
S. Wensing, Dow AgroSciences, USA
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Nexera canola (Omega-9 canola oil) and commodity canola seeds were processed using two different methods: A)
traditional method (oil extraction by expeller pressing and solvent extraction; oil refining by water degumming,
refining, bleaching and deodorization and B) modified method (oil extraction by expeller pressing only; and oil
refining by acid pre-treated refining, bleaching and deodorization). The impacts of processing steps on the aroma or
odor of the oils were monitored using an Electronic Nose (E-Nose). The E-Nose aroma maps show that there were
significant differences in the aroma from the same type of oil (Omega-9 vs. commodity) processed using different
methods. However, both the refined commodity (mid-oleic) and refined Omega-9 (high oleic) canola oils showed no
significant odor differences when processed using the same method. The E-nose can be used to monitor the impact of
process changes on the aroma or odor profile during oilseed processing.

Discrimination of Sesame Oil Blended with Other Edible Oil by Means of TAG Profile Analysis.
W.J. Lee1, M.H. Lee2, J.T. Lin3, N.W. Su1, 1Department of Agricultural Chemistry, National Taiwan University,
Taipei, Taiwan, 2Department of Nutrition and Health Science, Chung Chou University of Science and Technology,
Changhua County, Taiwan, 3Flavor Full Foods Inc., New Taipei, Taiwan

In this study a promising chromatographic condition with HPLC-ELSD for determining triacylglycerol (TAG) species
of oil samples was established. Afterward, the TAG species of all oil samples were determined under this condition.
By using the TAG species and the composition of oil samples as parameters, a statistical approach - namely
discriminant analysis of principal components (DAPC), was employed for qualitative analysis to judge whether the
samples were pure sesame oils or not. The quantitative analysis for judging the adulteration of sesame oil with other
oil was performed based on the results of HPLC. Three unique peaks assigned as LLnL, OLnL and PLnL which did
not exist on the TAG profile of sesame oils but on the TAG profile of soybean oils which represented the unique
components of these peaks could be employed as judged by the adulteration of sesame oil with soybean oil. Similarly,
the unique components, OLnL and OLnO of canola oil could be used for judging the adulteration of sesame oil with
canola oil. The results indicated that TAG species and composition of sesame oils could be applied to judge the
adulteration of sesame oils with soybean oils or canola oils.

Separation, Identification and Quantification of the Unsaponifiables of Cottonseed Oil and its Deodorizer
Distillate.
P. Mathur, G. Patel, S. Juma, C. King, Department of Nutrition & Food Sciences, Texas Women's University, Denton,
TX, USA

Refined, bleached and deodorized (RBD) cottonseed oil samples and their deodorizer distillate samples were obtained
from Pyco Industries, Lubbock, Texas. The samples were saponified and the saponifiables were removed by alternate
water and ether washings. The unsaponifiable compounds were identified and quantified as trimethyl silyl derivatives
using gas chromatography with a CP Sil 8 column. The total unsaponifiables were determined in RBD cottonseed oil
and the deodorizer distillate to be 0.9% and 53.4% respectively. The RBD cottonseed oil unsaponifiables contained
3.6% total tocopherols (which included 2.3% α tocopherol and 1.37% β+γ tocopherol) and 31.4% total sterols (which
included 1.8% stigmasterol, 2.3% campesterol and 27.2% β sitosterol). The deodorizer distillate unsaponifiables
contained 12.64% total tocopherols (which included 4.4% α tocopherol, 8.2% β+γ tocopherols) and 65.1% total sterols
(which included 1.2% stigmasterol, 6.6% campesterol and 57.3% β sitosterol).

Microalgal Lipid Extracts for Potential Use as Valuable Resource.
S. Pieber, S. Schober, M. Mittelbach, Renewable Resources Group, Institute of Chemistry, University of Graz, Graz,
Austria

Next to the expected potential of microalgae as renewable energy feedstock, microalgae produce a variety of
substances which are of economic interest for their application in the food and fine chemicals industry. These
substances are e.g. highly valuable lipids and fatty acids as well as pigments and hydrocarbons. Basic know-how on
the efficient production of fatty acids from the microalgae Nannochloropsis oculata, a species known for being rich in
its omega-3-fatty acid content, shall be gained within the project "PHOTOCHEM" [Koller et al. (2011) Current Topics
in Biotechnology 6, 72-82]. Here we present the study of the effect of extraction techniques and solvents on the lipid
composition of microalgae extracts. In particular, fatty acids, triacylglycerol and sterols are addressed and the results
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on composition and compound distribution will be given. This information is crucial (1) for the selection of an
optimized extraction system to obtain valuable components from the extract to be used in e.g. the food industry
(omega-3-fatty acids), (2) for the discussion of potential applications of the microalgae in a biorefinery perspective
and (3) for a comprehensive and concise evaluation of the potential as renewable resource.

Canceled - Modern Options for Lectin Analysis.

An Alternative Test Method for Biodiesel (B100) Carbon Residue: Thermogravimetry.
W.P. Oliveira Filho1, M.S.M. Quintino1, E.M.S. Oliveira1, M.I.G. Leles2, P.I.B.M. Franco2, 1Petroleum National
Agency, Brasilia, DF, Brazil, 2University of Goias, Goiania, GO, Brazil

The present quality requirements for biodiesel (ASTM D6751, EN 14214) specify the carbon residue parameter (assay
in according with standards ASTM D4530 or EN ISO 10370), its serves as an approximation of the tendency of the
fuel to form carbonaceus type deposits under degradation conditions, similar to those used in the test method. It can be
useful as a guide in manufacture of certain stocks. However, for biodiesel application, these test methods present a
high precision data, unwanted for carbon residues values for biodiesel. This happens because these values are much
lower than carbon residues values for petroleum products. In our study, we tried to develop a new test method, for
thermogravimetry. Some soybean-based / beef tallow-based biodiesel samples (the most common feedstocks for
biodiesel in Brazil) were prepared and analyzed for thermogravimetry and for the specifications test method. We
compared the results to verify precision and applicability for the tested biodiesel. Based in the results and the general
assay conditions, the thermogravimetry method could be a good alternative for the biodiesel specifications in future.

DSC and NMR Study of Crystallization Kinetics for Fats and Oils.
G. Sekosan, K. Reihel, T. West, Bunge North America, USA

Differential scanning calorimeters have frequently been used to study the crystallization kinetics of fats and oils, but in
some cases the classical methods are not applicable. In this case, an indirect DSC method for determination of the
crystallization kinetics by using a "stop and return? method was used. The crystallization is stopped at different
moments during the isothermal crystallization and the melting enthalpy at the particular temperature is used as a
measure for the amount of crystallization and plotted as function of time. The results obtained from the DSC
measurement are in good agreement with the results obtained from the NMR method.

Development of a Spatial Angular Measurement for Extra Virgin Olive Oil Classification Followed by
Multivariate Calibration without Reference Samples.
J.H. Kalivas, K. Higgins, Idaho State University, Pocatello, Idaho, USA

Classifying samples into known categories is a common problem in many fields. With spectroscopic data, measured
sample spectra are compared to existing spectral data sets of known classification (library sets) to determine the
appropriate classification. Presented in this poster is a study of a new spatial angular merit not previously used for
classification of spectral data. Application is towards determining adulteration of extra virgin olive oil (EVOO) as well
as geographical classification of EVOO samples. The angle merit is compared to the classical Mahalanobis distance
(MD) and is found to outperform MD. A majority of the work that goes into multivariate calibration comes in the
collection and analysis of reference samples and/or preparing reference samples. A purpose of this presentation is to
also report on a new multivariate calibration process that does need to collect or form reference samples. In the
approach presented, a pure component spectrum of the analyte (adulterant sun flower oil) and blanks (EVOO samples)
are used to form the model. Validation prediction errors from the new approach are comparable to those from a model
built with reference samples.

Analysis of Retinal Gangliosides by HILIC/ESI-MS.
O. Berdeaux1, E.A.Y. Masson2, A. Athias3, J-P. Pais De Barros3, S. Cabaret1, L. Bretillon2, 1ChemoSens Platform,
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UMR1324 CSGA, INRA, Dijon, France, 2Eye and Nutrition Research Group, UMR1324 CSGA, INRA, Dijon, France,
3Lipidomic Analytical Platform, IFR santé-STIC, Burgundy University, Dijon, France

Gangliosides are sialic acid-containing glycosphingolipids. A large variety of gangliosides have been described based
on differences in the oligosaccharidic chain as well as in the fatty acids and long chain sphingoid bases of the ceramide
moiety. Gangliosides are particularly abundant in the central nervous system, including the retina. However, the
precise role of gangliosides in the retina and its pathologies is still poorly understood. The ganglioside profile is
specific to the organ, its differentiation status and to pathophysiological features. An efficient method of separation,
identification and quantification is therefore crucial to apprehend the huge heterogeneity among these compounds and
highlight changes. For that purpose, we report here a powerful analytical method based on hydrophilic interaction
liquid chromatography/electrospray ionization mass spectrometry. It enables an effective separation of the major and
minor ganglioside species without prior ganglioside purification. This method also provides an accurate
characterization of the ceramide moiety. Applied to retinal samples, this glycolipidomic approach offers an efficient,
sensitive, straight-forward, highly accurate and reliable tool to investigate the role of gangliosides in retinal function
and pathologies. Particularly, it will help decipher the role of the variability of the ceramide moiety of gangliosides,
which is so far not well understood.
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