
  



Leading edge technologies for refining plants

Science behind Technology

Neutralising
Short/long mix Neutralising

• Multimix Neutralising
• Miscella Neutralising
• Silica Purification

Bleaching

• Sparbleach Bleaching
• Unibleach with prefiltration
• Silica Purification

Winterising

• Wintrend Winterising
• Combifrac Winterising

Deodorising

• Qualistock Deodorising
• Multistock Deodorising
• Sublimax Ice Condensing

Degumming

• Acid Degumming (wet/dry)
• Ultra-shear acid Segumming
• Bio Degumming
• Membrane Degumming

Detoxification

• Combiclean Process
• Active carbon Purification









2015 
AOCS 
Short 

Courses
Analytical Methods for R&D, Product Quality Control, 
and On-Line Process Control/Refi nery Optimizations

Saturday and Sunday | May 2–3

Fundamentals of Edible Oil Processing
Saturday | May 2

Novel Cosmetic Surfactant Systems and Their Design
Sunday | May 3

Update on New Technologies and Processes 
in Oils and Fats
Sunday | May 3

106th AOCS 
Annual Meeting
and Industry Showcases
May 3–6, 2015
Rosen Shingle Creek  |  Orlando, Florida, USA

Save up 

to $200 

when you register 

by February 27.

Learn the latest from 
the experts in 2015!

Technological advances and updates in practices, procedures, 
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education and skills.
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AOCS Analyti

Processing Contaminants in Edible Oils
MCPD and Glycidyl Esters

Edited by Shaun MacMahon. Product code 272

This book serves as a single point of reference for 

the signifi cant research related to monochloropro-

panediol (MCPD) and glycidyl esters in edible oils. 

Strategies which have been used to successfully 

decrease the concentrations of these contaminants 

in edible oils are discussed, including the removal 

of precursor molecules before processing, modifi -

cations of deodorization protocol, and approaches 

for the removal of these contaminants after the 

completion of processing. Analytical strategies 

for accurate detection and quantitation of MCPD 

and glycidyl esters are covered, along with current 

information on their toxicological properties.

 

Extreme Chromatography
Faster, Hotter, Smaller

Edited by William Craig Byrdwell and Michal Holčapek. 

Product code 261

Consider this book a one-stop-source for the mod-

ern analytical chemist in theoretical and practical 

considerations of most of the up-and-coming ana-

lytical technologies. This book describes the latest 

techniques and theoretical aspects, as well appli-

cations that will allow today’s scientist to choose 

and decide the best approach for his applications. 

Analysis of Lipid Oxidation

Edited by Afaf Kamal-Eldin and Jan Pokorny. 

Product code 206

Analysis of Lipid Oxidation reviews methods cur-

rently used in studying lipid oxidation, including 

approaches used for the evaluation of the kinetics of 

lipid oxidation; lipid hydroperoxides, free fatty acids, 

carbonyl oxidation products, epoxides, and residual 

double bonds following lipid oxidation; UV-visible 

spectrometric methods used for the analysis of lipid 

radicals and carbonyl compounds formed during 

the reaction; interaction products of oxidized lip-

ids with amino acids, proteins, and carbohydrates; 

and use of chemiluminescence, electron spin res-

onance spectroscopy, nuclear magnetic resonance 

spectroscopy, and high performance size-exclusion 

chromatography. 

Lipid Analysis and Lipidomics
New Techniques and Applications

Edited by Magdi M. Mossoba, John K.G. Kramer, J. 

Thomas Brenna, and Richard E. McDonald. 

Product code 207

New applications and methods for the analysis of 

edible oils, fats, and cellular lipids are always in 

development. These methods apply to biological 

and food matrices, edible oils and fats, cellular fats 

of pathogenic bacteria and spores, and cover many 

research applications in lipidomics, food analysis, 

food safety, food security, and counter-terrorism. 

Lipid Analysis off ers the lipid analyst an array of 

essential analytical tools in the fi elds of chroma-

tography, mass spectrometry, spectroscopy, mag-

netic resonance, and chemometrics.

Physical and Chemical Characteristics 

of Oils, Fats, and Waxes, 3rd Edition
Edited by David Firestone. Product code mi99_3

The third edition of Physical and Chemical 
Characteristics of Oils, Fats, and Waxes includes 

updated material as well as 25% more new con-

tent. This is an essential reference tool for pro-

fessionals interested in the quality, trade, and 

authenticity of oils and fats. Values for signifi cant 

properties and important low-level constituents 

of nearly 500 fats and oils are provided including 

the following parameters where available: Specifi c 

Gravity, Refractive Index, Iodine and Saponifi cation 

Value, Titer, and Fatty Acid, Tocopherol, Tocotrienol, 

Sterol, and Triglyceride Composition.

Save 15% and get free shipping on these titles 
with promo code ANALYTICAL. 

Expiration March 13, 2015.

P: +1 217-693-4803 | F: +1 217-693-4847 | orders@aocs.org | www.aocs.org/store

Save 15% and get free shipping on these AOCS Press titles!% and get free sh



cal Resources

AOCS Meetings

Ensure your laboratory’s integrity with AOCS Methods, the most current, 

and widely-recognized methods for testing fats and oils.

Offi  cial Methods and Recommended Practices of the AOCS, 
6th Edition, 3rd Printing
Edited by David Firestone. Product code METH09

The Offi  cial Methods and Recommended Practices of the AOCS contains currently recognized methodology required for 

profi ciency testing in the Laboratory Profi ciency Program (LPP). Additionally, AOCS Methods are internationally recognized 

for trade, and several are listed by the Codex Alimentarius Commission. Worldwide acceptance has made AOCS Methods a 

requirement wherever fats and oils are analyzed.

AOCS Methods for Corn Distillers Oil Quality

This PDF contains 19 methods for determining the quality of corn distillers oil, including: cleanliness, purity, water 

content, acidity, sulfur, phosphorus, and oxidative stability. It includes information from the newest release of the 

Offi  cial Methods and Recommended Practices of the AOCS, 6th Edition, 3rd Printing.

106th AOCS Annual Meeting and Industry Showcases
May 3–6, 2015 | Rosen Shingle Creek | Orlando, Florida, USA | AnnualMeeting.aocs.org

Analytical Techniques Short Course | Saturday and Sunday, May 2–3, 2015

Analytical Methods for R&D, Product Quality Control, and On-Line Process Control/Refi nery Optimizations
This course provides an overview of various analytical methods used to assess the quality of oils and fats, process control, and refi nery optimization. In addition, 

attendees will review the analytical tools to evaluate oils and fats in relation to their use and functions for commercial and nutritional purposes.

To view full Short Course descriptions, visit annualmeeting.aocs.org/shortcourses.

P: +1 217-693-4803 | F: +1 217-693-4847 | technical@aocs.org | www.aocs.org/LabServices
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Plant lipids are used predominantly for nutritional purposes 
(approximately 85%); however, they are increasingly being used 
as industrial crops. For example, plant oils are used in the pro-
duction of cosmetics, lubricants, paints, plasticizers, and soaps. 
Within the European Union and in Far Eastern countries such 
as Malaysia, biodiesel is additionally being used as a renewable 
source of fuel. Th is development is not without problems as dem-
onstrated by the ongoing food versus fuel debate. However, as 
sources of non-renewable petrochemicals run out, the pressure to 
produce such chemicals in a carbon-neutral fashion will become 
ever more pressing. As a result, biosynthesis of renewable fuel 
will assume a greater level of importance in the decades to come. 

A few comments can be made about the four predominant 
oil crops (Fig. 1). 

The major crop at present is oil palm. Although it has a 
limited planting area, it is very important for the economies of 
Indonesia and Malaysia. In response to criticisms about geneti-
cally engineered organisms, the planting areas in Malaysia are 
tightly controlled, ensuring the production of certifi ed sustain-
able palm oil. Th is is an important development. Moreover, from 
an environmental perspective, it should be noted that oil palm is 
5–10 times more productive on a per hectare basis than annual 
seed crops. Th us, its place as a nutritional source of oil is critical.

Soybean is principally grown as a protein crop; however, its 
oil content is about 20%, and it accounts for about 22% of total 
world oil production. Originally, soybean oil was high in lin-
oleic acid (18:2n-6; over 50%), an n-6 polyunsaturated fatt y acid 
(PUFA), which was considered to be nutritionally desirable at 
the time. Nutritionists now, however, recommend a much lower 
intake of n-6 PUFA. Th is, in addition with a desire to increase the 
utility of soybean oil, has resulted in a drive to produce a diff erent 
range of cultivars via conventional breeding and increasingly, via 
genetic manipulation. 
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Several oilseed rape species are grown commercially. Bras-
sica napus is the most commonly grown oilseed rape with sub-
stantial acreage in Canada, Europe, and China, whereas B. 
carinata is grown in parts of Africa. Breeding in the 1960s led to 
“double-low” varieties—low in erucic acid (22:1n-9) and gluco-
sinolates—originally named canola in Canada. Such varieties—
termed low erucic acid rapeseed (LEAR) in Europe—are used 
for edible purposes, whereas the original—or high erucic acid 
rapeseed (HEAR)—variety cultivars are put to industrial uses.

Sunflower, the fourth most important plant oil crop, is 
grown mainly in southern Europe, Russia, Ukraine, and Argen-
tina. The original cultivars contained over 60% linoleic acid but 
due to the reduction in demand for such seed oils resulting from 
lower intake recommendations high oleic (18:1n-9) and high 
oleic-palmitic acid (16:0)  varieties have been bred. Recently, 
efforts have been made to create high stearic acid (18:0) lines.

Fundamental to an understanding of 
crop oil production is knowledge about 
the biosynthesis of triacylglycerols 
(TAGs) and, more importantly, how 
synthesis of this storage lipid is con-
trolled. Over the last couple of decades, 
information about plant oil biosynthe-
sis has increased markedly even to the 
point of new enzymes being discovered. 
A detailed description of the biochem-
istry of oil accumulation is beyond the 
scope of this article, but references for 
further reading are provided (page 80).

A simplified picture of TAG accu-
mulation is shown in Fig. 2 (page 80). 
Acyl chains (fatty acids) are synthesized 
de novo in the plastidial compartment of 
plant cells after which they can be modi-
fied both within the plastid as well as on 
the endoplasmic reticulum before being 
assembled onto a glycerol backbone. 

The main oil crops synthesize fatty 
acids predominantly of 16 or 18 carbons 
in length. Palmitic acid is the most abun-
dant saturated fatty acid, while its 18C 
analogue, stearic acid, is rapidly desatu-
rated successively at the Δ9, Δ12, and 
Δ15 positions to produce oleic, lin-
oleic, and α-linolenic acid (18:3n-3), 

respectively. Δ9-desaturation occurs in the plastid. However, in 
many oil crops, the majority of fatty acid modifications are per-
formed on the endoplasmic reticulum. Desaturation and chain 
elongation are the most common modifications, but certain 
important crops are capable of hydroxylations, production of ring 
structures, and desaturations of unusual specificity. The PUFA 
are produced by the action of fatty acid desaturases (FAD2 and 
FAD3) which act on phosphatidylcholine (PtdCho) as the pre-
ferred substrate. Channelling of fatty acids on and off PtdCho is 
an important point of regulation and has been referred to as “acyl-
editing” by Phil Bates and John Ohlrogge.

Once fatty acids have been synthesized, they are incorpo-
rated into TAG by a route known as the Kennedy pathway. This 
pathway contains four steps (Fig. 3, page 81), three of which 
are acylations which add fatty acids to the three carbons of the 
glycerol backbone. 

CONTINUED ON NEXT PAGE



•   

Th e acyltransferases on the endoplasmic reticulum use 
acyl-CoA substrates, in contrast to equivalent isoforms in the 
plastid which use acyl-acyl carrier proteins. Th e fi nal acyl com-
positions of the TAG molecular species produced depend on 
the composition of the acyl-CoA pool and the substrate selec-
tivities of the acyltransferases. TAG can also be produced 
through the action of phospholipid:diacylglycerol acyltrans-
ferase (PDAT) which uses PtdCho as a fatt y acid donor instead 
of acyl-CoA.  In crops producing unusual oils, the acyltransfer-
ases oft en have special properties. Th is has relevance to genetic 
engineering eff orts to produce specialized TAG (see “Modifi -
cation of the fatt y acid composition of oil” section, page 81). 

Acyl modifi cation reactions are limited once the fatt y acids 
accumulate in TAG. Cocoa butter from Theobroma cacao, is 
highly enriched in palmitic, stearic, and oleic acid, but is vir-
tually devoid of PUFA due to rapid transfer of saturated fatt y 
acids and oleic acid to TAG combined with low Δ12 and Δ15 
desaturase activities. For the oil palm mesocarp, palmitic acid 
is at a high concentration because chain lengthening in the 
fatt y acid synthase complex is much slower than for most crops 
while Δ12 and Δ15 desaturases again show poor activity. Th ere-
fore, the balance of enzyme activities in the developing oil crop 
(fruit or seed) determines the fi nal TAG composition.  A later 
section in this article will discuss how the quality of TAG can 
be changed by breeding or genetic manipulation.

The overall process of oil production is controlled by 
regulation of the individual enzymes involved in fatt y acid 
synthesis and those required for TAG assembly. Some tran-
scription factors have been identified (e.g., Wrinkled 1; 
WRI1) which can regulate not only many enzymes of fatt y 
acid synthesis but also the supply of acetyl-CoA from car-
bohydrate metabolism. Conversely, there has recently been 
interest in proteins which infl uence the accumulation of TAG 
itself such as lipases or oil body proteins. Th ese aspects are 
covered in the next section.

The need for increased oil production has led to various 
att empts to boost agricultural productivity. Th ese eff orts have 
included changes to agricultural practice as well as breeding 
and, more recently, genetic manipulations.

Breeding has followed traditional lines and has given rise 
to cultivars with altered lipid compositions in addition to those 
with increased productivity. For instance, it has been reported 
recently that lines of oilseed rape have been bred where oil 
(mainly TAG) is present at 65% dry weight in comparison to 
normal values of 45%. Th is was apparently achieved by a reduc-
tion in protein as well as some diminishment in the seed coat 
contribution to total mass. Th e most productive oil crop is oil 
palm (Elaeis guineensis). It produces about 10 times as much oil 
per hectare as most oil seeds. However, production of oil palm 
has hardly increased at all in the last decade on a per hectare 
basis. Nevertheless, there are palm lines which can yield up to 
12 metric tons (MT) of oil per hectare compared to commer-
cial plantations that yield about 4–5 MT oil per hectare. Clearly, 
if these high-yielding cultivars could be adopted this would give 
long-term benefi ts of great signifi cance, especially given that 
each oil palm is productive for 20–30 years.



•   

A more immediate result could be achieved by genetic 
manipulation, at least in oil seeds. To pin-point genes worth 
considering for manipulation, one needs to have an under-
standing of the control of carbon flux into TAG. There are 
several ways in which the regulation of oil accumulation can 
be studied (Table 1, page 82), and all have provided useful data 
over the last four decades. However, quantitative information 
on control is best obtained by flux studies. Two aspects of these 
are metabolic flux analysis (MFA) and metabolic control analy-
sis (MCA). Detailed descriptions of these methods are unnec-
essary here, but readers can learn more from the references in 
the further reading list on page 80. 

We have used MCA to indicate which parts of the oil accu-
mulation pathway are worth manipulating in a range of different 
crops. In three crops (oil palm, olive, and soybean), the syn-
thesis of fatty acids exerts more control than TAG assembly. 
Oilseed rape (canola), on the other hand, shows the reverse 
with TAG assembly holding a greater degree of control. Previ-
ous studies had already suggested that the final enzyme of TAG 
biosynthesis—diacylglycerol acyltransferase (DGAT)—was an 
important control point in oilseed rape, and when the DGAT1 
isoform was over-expressed, it led to increased TAG production 
under both greenhouse and field conditions.

Over the years, manipulation of several enzymes has led 
to increased seed oil content in the model plant Arabidopsis, 
its close relative oilseed rape, and other oil crops. However, 
the nature of flux control means that increasing the activity of 
one partly-limiting enzyme will immediately shift the control 
of regulation elsewhere, (just as flow on a motorway may be 
slowed by a traffic accident, but once that is cleared, the jam will 
occur somewhere else on the road). With this realization, recent 
attempts at increasing yields have concentrated on “push/pull” 
strategies often involving the use of multigene cassettes.

For push and pull approaches, increased entry of carbon 
into the start of the biosynthetic pathway is combined with 
elevated enzyme activity near the end of the pathway (usually 
DGAT). As mentioned in the previous section, the transcrip-
tion factor called WRI1 was found to increase the activity of 
several enzymes which are used to generate acetyl-CoA as well 
as many of the enzymes of the fatty acid synthase complex. 
Thus, WRI1 increases fatty acid production. When this tran-
scription factor is up-regulated in combination with DGAT 
there is in an additive (or even synergistic) effect.

The story does not end once TAG is formed. In seeds, TAG 
is packaged in oil droplets surrounded by a half-unit membrane 
that typically contains specialized proteins such as oleosins. 
Increased oleosin production has been beneficial in efforts to 
increase the lipid content of leaves and hence raise the nutri-
tional value of such vegetation. Furthermore, oil droplets may 
be subject to some degradation (even in maturing seeds) and 
this can be prevented by suppression of a TAG lipase. With all 
of these approaches, scientists are gradually able to boost the 
efficiency of overall oil production.

The functional properties of a plant oil are dependent on its 
fatty acid composition. For example, seed oils containing high 

proportions of saturated and monounsaturated fatty acids are 
more oxidatively stable and thus more suitable for applications 
such as frying. In contrast, oils rich in PUFA are subject to rapid 
oxidation and have low shelf life. Inclusion of PUFA, such as 
eicospentaenoic acid (EPA; 20:5n-3) and docosahexaenoic 
acid (DHA; 22:5n-3), in the diet, however, have been shown to 
provide a number of health benefits, including decreased risk of 
cardiovascular disease and anti-inflammatory effects.

Over time, conventional breeding has had a large impact 
on the fatty acid profile of crop oils. One dramatic example 
where plant breeding affected both fatty acid composition and 
the economy was the near elimination of erucic acid in oilseed 
rape contributing to the generation of modern day canola in 
Canada. Through a process of selection, oilseed rape breed-
ers identified lines which were incapable of elongating oleic 
acid to erucic acid. Canola is also characterized by decreased 
glucosinolate content in the seeds. A mutated elongase gene 

CONTINUED ON NEXT PAGE
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was identifi ed by molecular biologists decades aft er canola was 
developed.

Breeding can also involve chemical mutagenesis wherein 
plant DNA is randomly mutated using a mutagen such as ethyl 
methanesulfonate. Recently, novel genome editing technologies 
have been developed wherein single bases in DNA can be modi-
fi ed in a very specifi c way, thereby eliminating many unintended 
side eff ects that probably come about as result of random chem-
ical mutagenesis. Chemical mutagenesis has been used to gen-
erate lines of fl ax known as solin (Linola®) which are enriched 
in linoleic acid. Flax is a minor oil crop which typically pro-
duces oil enriched in α-linolenic acid. Th e chemical mutagen-
esis procedure used to generate high linoleic acid fl ax resulted 
in a mutation which inactivated FAD3 which drives the conver-
sion of linoleic acid to α-linolenic. Once again, plant molecular 
biologists identifi ed this mutation several years aft er solin was 
established. Solin was originally produced as more oxidatively 
stable source of fl ax seed for use as livestock feed. 

Genetic engineering has also been used to modify the fatt y 
acid composition of plant oils. However, most of the studies 
leading to oils produced through genetic engineering of oil 
crops have been restricted to greenhouse or limited fi eld trials. 
Two notable examples of oils from genetically engineered crops 
which have reached consumers are high oleic acid soybean oil 
and saffl  ower oil enriched in γ-linolenic acid (GLA; 18:3n-6). 
High oleic acid soybean oil was produced by silencing of the 
gene that encodes the FAD2 which drives the conversion of 
oleic acid to linoleic acid on the endoplasmic reticulum. Oils 
enriched in GLA are believed to be useful in decreasing the 
incidence of certain forms of arthritis. GLA-enriched saffl  ower 
oil was produced through the introduction of a Δ6-desaturase 

from a water mould (Saprolegnia diclina). Th e oil is produced 
and sold under the name SONOVA® by Arcadia Biosciences, 
Inc. (www.arcadiabio.com/saffl  ower). 

The most elaborate genetic engineering protocols for 
plant oil modification have involved the production of EPA 
and DHA. Research directed towards producing EPA and DHA 
in terrestrial plants has largely been driven by the depletion of 
fi sh stocks throughout the world. Marine fi sh typically acquire 
EPA and DHA in their tissues through biological concentra-
tion. Th e process begins with small fi sh feasting on diatoms and 
algae which are enriched in EPA and DHA. Eventually, larger 
carnivorous fi sh consume the smaller fi sh. Although humans 
can convert α-linolenic into EPA and DHA, the process is inef-
fi cient and nutritionists recommend supplementing the diet 
with regular intake of fi sh. One example of genetic engineering 
to produce EPA and DHA in the seed oil of B. juncea by a team 
of scientists from Canada and Germany involved the seed-spe-
cifi c co-expression of multiple transgenes. 

Considerable research has also focused on engineering 
plant oils for industrial applications. Oils enriched in hydroxyl 
groups, for example, may be useful as high-performance lubri-
cants. Although castor oil has these properties, crop biotechnol-
ogists are interested in engineering oil crops such as camelina 
(false fl ax) to produce hydroxy-oils, a biomass source free of the 
toxic properties of castor bean. A modest level of ricinoleic acid 
(oleic acid hydroxylated at the 12th carbon from the carboxyl 
end) was produced in Arabidopsis through introduction the 
Δ12-hydroxylase from developing castor bean. Co-expression 
of transgenes for castor bean Δ12-hydroxylase and DGAT2, 
however, doubled the ricinoleic acid content of the Arabidop-
sis seed oil to about 30%. Castor bean DGAT2 has been shown 



•   

to have an enhanced preference for substrates containing ricin-
oleic acid. Researchers are currently investigating other trans-
genes which could be potentially useful in further boosting the 
content of ricinoleic acid. One of the major bott lenecks has to 
do with the eff ective release of ricinoleic acid by acyl editing 
from its site of formation in the endoplasmic reticulum.

Global plant oil production is dominated by oil palm, soybean, 
oilseed rape, and sunfl ower. Th e process of TAG formation in 
developing seeds of oil crops involves de novo fatt y acid syn-
thesis in the plastid and export of fatt y acids from this organ-
elle followed by a complex interplay between the Kennedy 
pathway and membrane metabolism with variations in metabo-
lism which are species-dependent. Plant breeding has resulted 
in the development of oil seed lines with increased seed oil 
content and altered fatt y acid composition. Specifi c molecu-
lar strategies for increasing seed oil content are based on our 
growing knowledge of seed oil biosynthesis and the regulation 
of this process. Molecular approaches for boosting seed oil 
content can benefi t from comparative MCA, which has proven 
useful in identifying bott lenecks in the fl ow of carbon into seed 
oil.  In turn, MCA can be used to guide metabolic engineering 
to increase seed oil content. Th e fatt y acid modifi cations that 
can be achieved through conventional breeding or chemical 

mutagenesis breeding are limited. Th e production of new fatt y 
acids in oil crops requires the introduction of transgenes from 
other sources which have the capability of producing these fatt y 
acids. For example, at this time, it is only possible to produce 
EPA and DHA in terrestrial plants by introducing transgenes 
from organisms such as marine algae. Nevertheless, steady prog-
ress is being made and the future production of specialized oil 
crops seems assured.

SimonandSchuster.com
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The US Food and Drug Administration 
(FDA) will submit a final rule regarding 
substances Generally Recognized as Safe 
(GRA S) to the Federal Register for publication 
no later than August 31, 2016, according to a 
proposed consent decree fi led on October 20, 
2014, under Ctr. for Food Safety v. Burwell, No. 
14-0267 (US District Court for the District 
of Columbia). 

The Center for Food Safety—an envi-
ronmental group with headquarters in Wash-
ington, DC—sued FDA over concerns that 
food manufacturers have been able to use 
an interim GRA S process and secure agency 
approval for allegedly unsafe ingredients, 
based purely on self-assessments. Accord-
ing to the Center’s complaint (as reported by 
law fi rm Shook, Hardy & Bacon, LLC, in its 
Food & Beverage Litigation Update), “FDA has 
unlawfully exempted GRA S substances from 
regulation as food additives under a rule pro-
posed, but never fi nalized” in 1997. 

The Update notes that “the proposed 
rule allegedly replaced the petition process 
with ‘a simplifi ed notifi cation process’ under 
which a person may notify FDA that a sub-
stance’s proposed use is GRA S via a GRA S 
exemption claim, which includes a short 
description of the substance, the applicable 
conditions of its use, and the basis for the 
GRA S determination (i.e., through scientifi c 
testing or common use in food). The noti-
fi er no longer needs to provide backup infor-
mation, and instead must only summarize 
the information and make it available to FDA 
for review upon FDA’s request.” Th e Center 
claimed that “FDA no longer conducts its 
own detailed analysis to evaluate the data. In 
fact, FDA no longer affi  rms whether or not 
a substance’s use is GRA S at all—it merely 
issues an opinion on a notifi er’s independent 
determination that it is.” 

Donna Solen, senior att orney at Center 
for Food Safety, said, “Having a fi nal rule in 
place will open the entire GRA S system to the 
scrutiny it deserves.” 
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Nature recently celebrated the 50th anniversary of the Science 
Citation Index by listing the 100 most highly cited papers of 

all time. Not surprisingly, many of them deal with method-
ology. No. 1 on the list is an article from 1951 that describes 
an assay to determine the amount of protein in a solution. 
The number of citations? A whopping 305,000 (as compared 
with 12,000+ for No. 100). The paper’s author, the late US 
biochemist Oliver Lowry, wrote of it in 1977, “Although I 
really know it is not a great paper . . . I secretly get a kick out 
of the response.”

No. 9 on the list—with 45,131 citations—is an article 
well known to lipid researchers. “A simple method for the 
isolation and purification of total lipides [sic] from animal 
tissues” describes what has come to be known as the “Folch 
method.” The paper, which appeared in the Journal of Biologi-
cal Chemistry in 1957, was written by Jordi Folch, Marjorie B. 
Lees, and G.H. Sloane Stanley.

“Of the thousands of papers in the lipid literature that 
appear annually, very few deal with the topic of lipid extrac-
tion in depth, perhaps because the methodology is tedious 
and lacks interest per se,” writes William (Bill) W. Chris-
tie, founder and former editor-in-chief of The AOCS Lipid 
Library (http://tinyurl.com/TALL-Folch). “However, when 
analysts want to extract all the simple and complex lipids from 
a tissue in a near quantitative manner, they usually return to 
the Folch or its variant, the Bligh and Dyer method. . . . Yet 
the method is often poorly understood and I suspect that 
very few of those who cite it have actually read the paper. For 
example, in a high proportion of citations, the third author is 
incorrectly given a hyphenated surname.”

The Bligh and Dyer method, it should be noted, is No. 18 
on the Nature list, with more than 32,000 citations.

Read the Nature article, which includes a link to the full 
list, at http://tinyurl.com/top-100-citations.
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An electronic “tongue” could one day sample food and drinks as 
a quality check before they hit store shelves. Or it could someday 
monitor water for pollutants or test blood for signs of disease. 
With an eye toward these applications, scientists are reporting 
the development of a new, inexpensive, and highly sensitive 
version of such a device in the journal ACS Applied Materials 
& Interfaces (http://dx.doi.org/10.1021/am5058162, 2014).

S. V. Litvinenko and colleagues at the Institute of High 
Technologies at Taras Shevchenko National University of Kyiv 
(Ukraine) explain that an electronic tongue is an analytical 
instrument that mimics how people and other mammals dis-
tinguish tastes. Tiny sensors detect substances in a sample and 
send signals to a computer for processing just as taste buds sense 
and transmit flavor messages to the brain. The food and beverage 
industry and others have started deploying electronic tongues 
for a range of purposes from authenticating extra virgin olive 
oil to measuring beer quality. But existing devices are limited 
in how they can be used. Litvinenko’s team decided to make an 
improved instrument that could have applications in medical 
diagnostics, pharmaceutical testing, and environmental moni-
toring in addition to food testing.

The researchers developed a low-cost and environmen-
tally friendly “e-tongue” with a silicon base that could be easily 

incorporated into existing electronic systems of the same 
material. When they tested it with Armagnac brandy, cognac, 
whiskey, and water, they were able to establish precise signa-
tures for each. The scientists concluded that their work serves 
as a first step toward a novel tasting instrument with potentially 
diverse applications.

The authors acknowledge funding from Lyon Science 
Transfert. 



•   

 Held in conjunction with the 

106th AOCS Annual Meeting
and Industry Showcases

May 3–6, 2015 | Rosen Shingle Creek | Orlando, Florida, USA

Notice of Annual 
Business Meeting

 The annual business meeting of the AOCS will be held on Tuesday, 

May 5, 2015 at 11:00 am at the Rosen Shingle Creek, Orlando, 

Florida, USA. Routine business of the Society will be conducted.



•   

The Brazilian Agricultural Research Corp. 
(Embrapa), Brazil’s leading agricultural 
research institution, and Evogene Ltd., a 
plant genomics company based in Rehovot, 
Israel, have signed a joint research agreement 
between Embrapa and Evofuel Ltd., Evo-
gene’s wholly owned subsidiary that special-
izes in biofuels, for the advancement of castor 
cultivation in Brazil. Th e partnership will pri-
marily focus on technologies for controlling 
castor-specifi c diseases as well as practices for 
castor cultivation in rotation with soybean.

The global market for castor oil has 
tightened over the past few years with indus-
trial demand, in Brazil and internationally, 
exceeding availability and production. Pres-
ently, castor is cultivated on approximately 
100,000 hectares (roughly 250,000 acres) in 
Brazil, an area that can increase substantially 

with the introduction of advanced varieties 
and new cultivation practices.

The agreement will bring Embrapa’s 
experience in research and development of 
castor together with Evofuel’s proprietary 
castor varieties, which are adapted to mecha-
nized harvest and modern agricultural pro-
tocols, to off er Brazilian growers a full-scale 
solution for the economically viable, sustain-
able, and large-scale cultivation of castor.

Th e plan is to grow soybean for food in 
the fi rst growing cycle and then grow castor 
as a second crop. Th e target area for this rota-
tion system is in the states of Maranhão, 
Tocantins, Piauí, and Bahia in the northeast 
and central regions of Brazil, where approxi-
mately fi ve million hectares (over 12 million 
acres) are estimated to be suitable for castor 
cultivation.

The col laboration w ith Embrapa 
follows three years of successful field trials 
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of Evofuel’s castor varieties in Brazil. The trials demonstrated 
the suitability and economic benefits of growing Evofuel’s pro-
prietary castor varieties as a second crop with soybean for pro-
duction of oil feedstock for biofuels and other industrial uses.

New research suggests that exhaust from canola oil-based biodie-
sel may be more harmful to human epithelial cells than exhaust 
from traditional diesel. Epithelial cells line the cavities and sur-
faces of structures throughout the body, providing the body’s 
first line of defense against viruses and particles capable of invad-
ing the body.

Research co-led by Benjamin J. Mullins and Anthony Kicic 
of Curtin University and the University of Western Australia, 
respectively, found that the ultrafine size of fuel exhaust parti-
cles from refined and blended canola oil could lead to respira-
tory health problems. The researchers examined how cultured 
epithelial cells react to exhaust from four fuels: standard ultra-
low-sulfur diesel (ULSD), unprocessed canola oil, 100% canola 
biodiesel (B100), and a 20/80% blend of canola biodiesel and 
ULSD (B20). 

B100 exhaust contained significantly more carbon monox-
ide, carbon dioxide, nitrogen dioxide, and sulfur dioxide than 
the others as well as the lowest amount of nitric oxide (NO). 

Further, cultured epithelial cells exposed to pure canola 
oil exhaust were significantly less viable 24 hours after exposure 
than cells exposed to any other exhaust 24 hours after exposure, 
the authors note in their abstract. In addition, B100 and B20 
contained the greatest number of very small particles of all the 
fuels tested.

The study appeared in Environmental Toxicology (http://
dx.doi.org/10.1002/tox.22020, 2014).  

A start-up company in Scotland is working to capitalize on the 
tons of waste produced by one of the country’s most valued 
industries and to turn the dregs of whisky-making into fuel. 
Celtic Renewables, formed in 2011, has refined its process based 
on a century-old fermentation technique and is now taking the 
next step toward a commercial plant, according to an article 
in Chemical & Engineering News (C&EN) magazine (http://
tinyurl.com/Celtic-Renewables).

Ann M. Thayer, a senior correspondent with C&EN, points 
out that making whisky requires three ingredients: water, yeast, 
and a grain, primarily barley. But only 10% of the output is 
whisky, and the rest is waste. Each year, the industry produces 
500,000 metric tons of residual solids called draff and 1.6 billion 
liters of a yeasty liquid known as pot ale. These byproducts are 
usually spread on agricultural lands, turned into low-grade 
animal feed, or discharged into the sea.

Rather than letting these materials go to waste, Celtic 
Renewables has taken an old industrial process developed to 
turn molasses and other sugars into chemicals and fine-tuned it 
to convert draff and pot ale into acetone, 1-butanol, and ethanol. 
The latter two can be used as fuel. The company is scaling up 
its process with the help of the UK Department of Energy & 
Climate Change, private funds, and Bio Base Europe. If all goes 
well, a commercial facility could be next, according to the report.

ExxonMobil Corp. (Irving, Texas, USA) is establishing an 
advanced biofuels research program at Iowa State University 
(ISU; Ames, USA).

The ExxonMobil Biofuels Program will initially focus on 
two research projects. Both studies are related to the fast pyroly-
sis of biomass—rapidly heating biomass (including corn stalks, 
switchgrass, or wood chips) without oxygen to produce liquid 
bio-oil, which can then be upgraded into transportation fuels.

Iowa State researchers have been studying fast pyrolysis for 
more than 15 years and have recently upgraded a fast pyrolysis 
pilot plant at the university’s BioCentury Research Farm (see 
http://www.biocenturyresearchfarm.iastate.edu).

“The ExxonMobil Biofuels Program at Iowa State Univer-
sity focuses on fundamental scientific and engineering questions 
about the chemical and physical processes that occur during the 
pyrolysis of biomass,” said Robert C. Brown, who is the direc-
tor of the new research program as well as an ISU professor and 
director of ISU’s Bioeconomy Institute.

According to ExxonMobil’s The Outlook for Energy: A View 
to 2040, the need for energy will continue to grow as economies 
expand, living standards rise, and the world’s population grows 
by more than 25% through 2040. Global demand for energy 
is projected to rise by about 35% from 2010 to 2040. The full 
report is available at http://corporate.exxonmobil.com/en/
energy/energy-outlook. 



When it comes to choosing a frying oil, 
stability at high temperatures is one of the 
top considerations. A research study led 
by Mohamed Bouaziz (Université de Sfax, 
Tunisia) reveals that refi ned olive oil is bett er 
able to withstand the heat of the fryer than 
refi ned corn, soybean, and sunfl ower oil. Th e 
results are published in the Journal of Agricul-
tural and Food Chemistry (see htt p://dx.doi.
org/10.1021/jf503146f, 2014).

Prolonged exposure to high tempera-
tures, as is typical in restaurant and indus-
trial frying, causes oils to undergo oxidative 
deterioration and other chemical reactions, 
including hydrolysis, isomerization, cycliza-
tion, and polymerization, which can degrade 
the oil, create undesirable off-flavors, and 
yield potentially toxic compounds. Oils diff er 

in their physical, chemical, and nutritional 
properties, the authors write, and these dif-
ferences aff ect the rate at which the quality of 
the oil degrades when heated. For example, 
an oil’s fatty acid composition, in particu-
lar the degree of unsaturation, typically cor-
relates with its stability against oxidation. 
Undesirable chemical reactions during frying 
are also infl uenced by food properties, such 
as moisture content, the food/oil ratio, and 
other parameters. Th e ideal industrial frying 
oil couples ease of use with retention of high 
quality during prolonged heating.

A typical method for analyzing frying 
oils involves the use of column chromatog-
raphy to separate the oil into two fractions—
one that contains the nonpolar compounds, 
which are the unaltered triglycerides, and 
a second that is composed of the altered, 
or polar compounds. Typically, researchers 
interested in obtaining information about 
polymerization changes that occur in fats and 

•   
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oils during frying take the polar fraction and perform an analyti-
cal method known as high-performance size exclusion chroma-
tography. But this technique can be time- and solvent-intensive. 
So the team developed what they describe as a more simple 
and rapid test for monitoring oil quality, which involves the use 
of the less expensive and nondestructive analytical technique, 
Fourier transform near-infrared spectroscopy.

The researchers deep- and pan-fried raw potato pieces in 
the four different refined oils and reused each oil sample 10 
times. After frying, each sample was examined for fatty acid 
composition, trans fatty acid contents, oxidative stability, and 
several other parameters. 

The most stable frying conditions involved the use of 
refined olive oil in a deep fryer at 320°F and 374°F (160°C and 
190°C). The least stable conditions involved sunflower oil pan-
fried at 356°F (180°C). The team concluded that for domestic 
frying applications, refined olive oil maintains quality and nutri-
tion better than refined seed oils.

Cold-pressed vegetable oils, which are obtained through press-
ing and grinding fruits or seeds at temperatures below 49°C, 
exhibit a range of antioxidant activity, as reported by Anna 

Prescha (Wroclaw Medical University, Poland) et al. in the 
Journal of the American Oil Chemists’ Society (http://dx.doi.
org/10.1007/s11746-014-2479-1, 2014).

The researchers analyzed a variety of cold-pressed oils to 
determine their antioxidant activity, fatty acid composition, and 
oxidative stability over time. They characterized oils from mac-
adamia, avocado, sesame, safflower, pumpkin, rose hip, Linola 
(the trade name of a low-linolenic flaxseed oil), flaxseed, walnut, 
hempseed, poppy, and milk thistle. Using an assay involving 
the molecule 1,1-diphenyl-2-picrylhydrazyl (DPPH), the team 
determined the radical scavenging activity of the nonfraction-
ated fresh oil and both the lipophilic and hydrophilic fractions. 

In general, higher antioxidant activity was found in the lipo-
philic fractions, and the oxidative stability parameters of the oils 
were only slightly affected by shelf life. Using gas chromatogra-
phy, the researchers also found the fatty acid composition was 
the same whether the oil was fresh or near the end of its shelf 
life, when kept under conditions mimicking domestic storage.

In the United States, manufacturers are permitted to label prod-
ucts containing between 0.0 and 0.5 g of trans fat per serving 
as “0 grams,” which may lead people to consume more trans 
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fat than they realize. A 2014 study reports that many packaged 
foods sold in the United States claiming “0 grams of trans fat” on 
the label do in fact contain trans fat. The study, which was led by 
Centers for Disease Control and Prevention (CDC) researcher 
Jenifer Clapp, is published in the CDC journal Preventing Chronic 
Disease (see http://dx.doi.org/10.5888/pcd11.140161). 

Consumption of trans fat has been implicated in cardiovas-
cular disease, the authors note, leading the US Food and Drug 
Administration (FDA) to tentatively determine that partially 
hydrogenated oils (PHOs), which contain trans fat, are not “gen-
erally recognized as safe,” or GRAS. If the FDA moves to finalize 
the removal of GRAS status for PHOs, companies will no longer 
be allowed to use them as ingredients in packaged or restaurant 
foods without prior approval. In order to better understand the 
implications of the proposed PHO restrictions, the authors set 
out to estimate the prevalence of PHOs in US packaged foods.

The researchers used a database developed in 2012 for a 
program known as the National Salt Reduction Initiative, which 
contains nutritional information for brand-name products in 61 
commonly consumed food categories including snacks, frozen 
foods, and baked goods. The database accounts for 80% of sales 
from these categories in 2011. 

“Although some foods contain naturally occurring trans 
fat derived from small amounts in the byproducts of ruminant 
animals, most dietary trans fat comes from PHOs,” the authors 
write. In order to determine which products contained trans fat, 
the researchers looked for the words “partially hydrogenated” in 
the ingredient list.

The team found that nearly one out of 10 products they 
examined contained PHOs, and 84% of those products reported 
0 grams trans fat per serving on the Nutrition Facts label. “The 
amount of trans fat in these products could vary from trace 
amounts to almost 0.5 g of trans fat per serving,” the authors 
note. “Because of the FDA’s current labeling requirements, 
people continue to unknowingly consume PHOs.”

While some say the current trans fat labeling requirements 
are misleading, others argue that reporting quantities <0.5 g as 0 
g is justified because the IR method of the American Oil Chem-
ists’ Society, which is commonly used to quantify trans fat in 
foods, do not have low enough limits of detection. As Britt Erick-
son, senior editor for Chemical & Engineering News, explains in 
the January 2006 issue of the journal Analytical Chemistry: “In 
its final ruling, FDA decided that trans fat will be reported to the 
nearest 0.5 g increment below 5 g and to the nearest gram incre-
ment above 5 g, because anything <0.5 g ‘will pose a problem 
for laboratories that are set up to quantify trans fatty acids by IR’ 
(Fed. Regist. 2003, 68,, 41, 434-41,506).”

On a related note, a study published in the Journal of the 
American Heart Association reports that although Americans are 
eating less trans fat than they were a few decades ago, consump-
tion is still higher on average than the American Heart Associa-
tion recommends.

A group of researchers led by University of Minnesota 
(Minneapolis, USA) researcher Mary Anna Honors surveyed 
12,500 people six times over a 30-year period (from 1980 
through 2009) to find out what they had eaten over the previ-
ous 24 hours. They found that consumption of fats, including 
trans and saturated fats, has decreased, but are still higher than 
recommended levels.

“Other studies have previously shown a decline in trans fat 
intake over time,” Honors told Reuters news service, “but our 
study is the first to look at such a long period of time.”

Although the study did not examine the reasons behind 
the trends in fat consumption, Honors speculates that the 
FDA requirement for the inclusion of trans fat on the Nutri-
tion Facts Label, which began in 2006, has made it easier for 
consumers to identify and avoid products containing them. 
Furthermore, many food companies have been reducing trans 
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fat content in their products. Access the full report at http://
dx.doi.org/10.1161/JAHA.114.001023 (2014).

Dietary lipids help promote the absorption of provitamin A and 
its subsequent conversion to vitamin A in the body, according to 
a study in The Journal of Nutrition (http://dx.doi.org/10.3945/
jn.113.187674, 2014). Study participants who ate a meal with 
β-carotene-rich tomato sauce saw a 2.4-fold increase in the 
nutrient’s absorption, with a 4.6-fold increase in conversion 
to vitamin A, when the meals were consumed with lipid-rich 
fresh avocado. In a separate study, participants were offered raw 
carrots, a source of β- and α-carotene, and the consumption of 
avocado with the meal resulted in a 6.6- and 4.8-fold increase 
of absorption, respectively, and a 12.6-fold increase of conver-
sion to vitamin A. 

This clinical trial is the first study to analyze the effect of 
dietary lipids on both absorption of carotenoids from food 
and the subsequent conversion of the provitamin into vitamin 
A in humans.  The study was led by The Ohio State University 
(Columbus, USA) researcher Stephen Schwartz and was sup-
ported by the Hass Avocado Board, an agriculture promotion 

group that receives funding from Hass avocado producers and 
importers in the United States.

An experimental field study in the journal Appetite reveals 
interesting relationships between a person’s socioeconomic 
status (SES), how weight-conscious he or she is, and how 
much popcorn he or she eats at the movies (http://dx.doi.
org/10.1016/j.appet.2014.05.024, 2014). A team led by Uni-
versity of Greenwich (UK) researcher Rachel Crockett offered 
a group of 300 participants at a London cinema a large tub of 
popcorn with either a “high-fat” or “low-fat” label, or no label 
at all. 

People of high SES who were concerned about their weight 
ate more popcorn labeled “low-fat” than their unconcerned 
counterparts, but the opposite effect was observed among 
people of low SES, who ate less popcorn regardless of the label. 
Those who weren’t concerned about their weight ate the same 
amount, regardless of the label or their SES. The results “suggest 
that nutritional labeling may help people who want to lose 
weight from lower socioeconomic groups to eat more [health-
ful foods],” Crockett told FoodNavigator. 
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Altering plant genomes to increase oil levels 
in plants could lead to the creation of new 
biofuel crops, but the trick is figuring out 
how to tinker with plant genetics to boost 
oil content without introducing defects. 
Now, a team of researchers from Brookhaven 
National Laboratory (BNL; Upton, New 
York, USA) and Michigan State Univer-
sity (East Lansing, USA) has found a way 
to boost triacylglyceride (TAG) accumu-
lation up to 9% in the leaves of Arabidopsis 
thaliana plants without detrimental effects 
on plant health. Th e fi ndings are published 
in the journal Th e Plant Cell (htt p://dx.doi.
org/10.1105/tpc.114.130377, 2014).

“Unlike the oil-rich seeds of oil crops, 
such as canola and sunflower, plant leaves 
typically accumulate very low levels of oil, 
which is predominantly composed of TAG,” 

says Randy Weselake, professor of agricul-
tural biotechnology at the University of 
Alberta (Edmonton, Canada). “In recent 
years, a number of research groups have been 
investigating the relationship of leaf TAG pro-
duction and degradation to fatty acid and 
membrane metabolism.” 

In previous studies, researchers have 
att empted to boost oil yields by blocking the 
action of enzymes that transport fatt y acids 
(FAs) from the cell’s cytoplasm to the per-
oxisome, the cellular machinery responsible 
for degrading the fatty acids via oxidation. 
Although this approach worked to a degree, 
it has typically come with negative eff ects on 
plant health, lead author Changcheng Xu said 
in a news release. 

Xu’s team decided to go back one step 
in the metabolic process and knock out the 
gene SDP1, which codes for an enzyme 
responsible for breaking down lipid drop-
lets in the cytoplasm to release FAs. Using 
this approach, “we get a large amount of oil 
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accumulating in the leaves, and without substantial detrimen-
tal effects on plant growth,” Xu said. Although the genetically 
altered plants experienced stunted growth and longer time to 
flowering, the seed setting, which occurs when the flower is pol-
linated and produces seed, appeared to be normal. 

“The results of the study indicated that three enzyme 
activities were collectively involved in directing fatty acids 
to β-oxidation in the peroxisome (a subcellular organelle) via 
a TAG intermediate, thereby maintaining membrane integ-
rity and functionality in leaves,” Weselake explains. “One of the 
enzymes, known as lipin, catalyzes the removal of the phosphate 
group from phosphatidic acid (an intermediate in the Kennedy 
pathway leading to TAG) to produce diacylglycerol, which is 
the direct substrate of TAG production. The second enzyme, 
known as PDAT1, catalyzes the transfer of fatty acid from a 
membrane lipid to diacylglycerol to produce TAG. The third 
enzyme, known as SDP1, catalyzes the degradation of TAG 
resulting in the liberation of free fatty acids.

“When the investigators inactivated SDP1 in a mutant 
background displaying enhanced PDAT1-mediated TAG syn-
thesis, the resulting leaves accumulated up to 9% TAG on a dry 
weight basis.”

In addition, the researchers found total FA content in the 
leaves roughly doubled to 14%, “suggesting that TAG accumula-
tion results from decreased hydrolysis rather than a mere redis-
tribution of FAs from membrane lipids to TAG,” the authors 
write. The team also performed FA compositional analyses, 
which revealed that the predominant FAs from the leaves of the 
mutant plant are polyunsaturated, with linoleic and linolenic 
FAs accounting for more than 70% of total TAG acyl chains.

“Recently, a number of genome editing technologies have 
been developed for introducing mutations into genes,” Weselake 
says. “Large-scale production of oil in vegetative tissue could 
lead to a substantial increase in the global supply of plant oil for 
applications in lipid-enhanced feed and biofuel production.”

The identification of a plant gene that senses changes in water 
availability could lead to the development of new drought-resis-
tant crops, according to a report in the journal Nature (http://
dx.doi.org/10.1038/nature13593, 2014). The gene, known as 

OSCA1, is a previously unknown plasma membrane protein 
found in Arabidopsis thaliana, a plant related to cabbage and 
canola. 

The team found OSCA1 forms calcium-permeable chan-
nels that may serve as osmosensors, which detect how much 
water is available and cause the plant’s water conservation 
machinery to adjust accordingly. Although it was previously 
known that plant cells respond to drought by boosting their 
calcium levels, the molecular machinery involved in this process 
had not been identified. 

“Plants that enter drought-fighting mode quickly and then 
switch back to normal growth mode quickly when drought 
stress is gone should be able to allocate energy more efficiently 
toward growth,” said Zhen-Ming Pei, a biologist at Duke Uni-
versity (Durham, North Carolina, USA) and the lead author of 
the study, in a news release. The researchers plan to investigate 
how manipulation of the OSCA1 gene and other related genes 
affect a plant’s ability to respond to drought, which could lead 
to the development of crops that respond more quickly and effi-
ciently to dehydration.

The extent of soybean crop devastation by pests largely depends 
on how much the insects like to munch on the plant’s leaves. 
Researchers are interested in discovering crop varieties with 
natural insect resistance, which can help reduce crop loss and 
decrease the use of insecticides. A study, published in The Crop 
Journal, reports that cotton bollworm are less likely to consume 
leaves from a wild soybean line compared to three cultivated 
soybean varieties, and presents gene expression data to suggest 
why this might be the case (http://dx.doi.org/10.1016/j.
cj.2014.08.004, 2014).

The research team, led by Xinan Zhou at the Chinese 
Academy of Agricultural Sciences (Wuhan, China), found that 
cotton bollworm, also known as H. armigera, consumed a lower 
percentage of leaflets from the wild soybean plant known as 
ED059 compared with three cultivated soybeans (Tianlong 2, 
PI 535807, and PI 533604). They also found that larvae that fed 
on ED059 gained less weight and had a higher mortality rate. 
Compared to two of the cultivated lines, larvae that consumed 
ED059 exhibited a lower efficiency of conversion of ingested 
food, which could explain the adverse effects on growth and 
survival. 

To understand these differences, the team performed quan-
titative real-time polymerase chain reaction, a method that 
enables researchers to determine the expression levels of spe-
cific genes, on each of the plants. The gene expression analyses 
revealed that before insect attack, there were small differences 
between the plants in the levels of genes that encode metabo-
lites of insect resistance. However, after insect attack, ED059 
had higher levels of many of those genes. Based on these data, 
the team concluded that the resistance mechanism of ED059 
against H. armigera is a combination of antibiosis, which refers 
to stunted development and increased mortality, and antixeno-
sis, which refers to the lack of attraction of insects to the plant.
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A researcher at Drexel University’s College of 
Engineering is taking a closer look indoor air 
quality. More specifi cally, Michael Waring is 
looking at reactions involving limonene, the 
cyclic terpene that oft en provides the pleasant 
smell of cleaning products and air fresheners. 
His research is aimed at helping to determine 
what byproducts these sweet-smelling com-
pounds are adding to the air while they are 
being used.

Secondary organic aerosols (SOAs) are 
microscopic particles created when ozone 

reacts with volatile organic gases such as limo-
nene—which gives oranges their scent—or its 
cousin α-pinene, which is part of the odor of 
pine trees. Outdoors, these reactions happen 
frequently and drive the formation of much 
of the atmospheric organic aerosols present in 
the environment. In population-dense urban 
areas—where enough suspended particles can 
be amassed—such reactions contribute to the 
formation of the visible haze known as smog.

Although a large amount of the aero-
sols that exist in the Earth’s atmosphere are 
naturally occurring—created by processes 
such as mechanical suspension by wind or 
sea spray—much is produced as a result of 
industrialization. While researchers are still 
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striving to understand the full health and environmental impact 
of increased levels of SOAs in the atmosphere, studies have 
linked exposure to outdoor aerosols to morbidity and mortal-
ity outcomes.

Few researchers, however, have considered the formation 
of SOAs in indoor environments. Waring, an assistant profes-
sor at Drexel University in Philadelphia, Pennsylvania, USA, 
is taking the deepest look yet at the formation and behavior of 
these particles indoors.

“SOAs can come from ozone reactions with numer-
ous sources, especially with compounds called terpenes that 
produce the scents we associate with cleaners, pine, lavender, 
and oranges,” Waring said. “Limonene is the terpene that makes 
an orange’s smell. It’s a very popular scent for cleaning products, 
so we’re taking a closer look at how it reacts indoors—where 
people are using it in high concentrations.”

The first step toward understanding the health implica-
tions is finding how many of these microscopic SOA particles 
are created when household cleaning products and air fresh-
eners react with ozone indoors. In research published in Envi-
ronmental Science & Technology (http://dx.doi.org/10.1021/
es5009906, 2014), Waring describes the role of limonene, the 
organic compound that not only gives cleaners and air freshen-
ers an orange scent but also acts as a solvent, in the formation 
of secondary organic aerosols.

For the research, Waring and his team used an air-testing 
chamber that they specifically designed to study the reactive 
behavior of air in an indoor environment. With it, they were 
able to simulate limonene being added to the environment in 
pulses—the way it would be introduced indoors when spray-
ing a limonene-containing cleaning product. They are also able 
to control the amount of ozone in the chamber—an aspect of 
indoor environments that can vary with outdoor ozone con-
centrations and the opening of windows and doors or the use 
of some household appliances such as electronic air cleaners.

By adjusting elements of the test as well as the concentra-
tions of terpene and ozone in the chamber, the group was able 
to ascertain how each of those variables affected the formation 
of secondary organic aerosols.

This process is unique to Waring’s research. Other labs have 
undertaken this sort of examination, but most often they used 
a constant flow of terpene and ozone into the environment. 
However, by pulsing limonene into the chamber operated at dif-
ferent air exchange rates, the Drexel researchers are more closely 
recreating actual usage scenarios in hopes of generating results 
that are more representative.

“We found that one of the biggest factors contributing to 
SOA formation by limonene ozonolysis was the air exchange 
rate,” Waring said. “This is because certain chemical reactions 
that form SOAs take longer than others. If the air is exchanged 
before these reactions can take place then the SOA production 
is weaker indoors.”

With 18 different scenarios tested, the team calculated a 
range of peak formation of secondary organic aerosols when 
typical concentrations of limonene were introduced to ozone-
rich environments with a range of air exchange rates. The result-
ing mass concentration of secondary organic aerosols was 
roughly between five and 100 μg/m3. 

“For reference, the US Environmental Protection Agen-
cy’s National Ambient Air Quality Standard for fine aerosol is 
an annual average of 12 μg/m3. Our findings show a significant 
enough range of SOA formation to warrant more in-depth public 
health studies,” Waring said. “This research is particularly neces-
sary in order to understand health impacts on people who use 
significant amounts of cleaning products such as housecleaners 
or custodians. The goal of our work is to help that process by 
providing accurate numbers for researchers to use in risk calcu-
lation models. It is the most robust work of its kind thus far and 
has generated quite a bit of useful data.”

While the next step in this line of research would be to 
examine the health impacts of indoor SOA, a few ways to reduce 
indoor aerosols would be to use unscented cleaners and open 
windows while cleaning. Even though open windows bring in 
more ozone from outside, Waring said, the reduction in the 
indoor limonene concentration and SOA formation strength 
more than make up for it, as less secondary organic aerosol is 
formed inside. 

The American Cleaning Institute (ACI) recently conducted a 
survey regarding the proper use, storage, and handling of liquid 
laundry packets. The national poll was conducted with 1,000 
caregivers and parents of young children (ages 0–4), all of whom 
currently use liquid laundry packets, and revealed low consumer 
awareness of both the risks involved with the packets and the 
preventive measures that need to be taken before, during, and 
after the laundry process.

According to the survey, approximately 70% of respondents 
store household cleaners such as dishwashing detergent and 
glass and toilet cleaners safely and securely, whereas only 34% 
report properly storing their liquid laundry packets in a cabinet 
or a cabinet with a lock. Moreover, one out of six persons sur-
veyed admitted to taking no safety precautions at all concerning 
liquid laundry packet storage.

In addition, whereas 60% disclosed they immediately put 
the packets away once they are brought into the home, more 
than 50% of respondents said they store the liquid laundry 
packets on the washing machine, dryer, counter, or floor when 
not in use. Furthermore, 70% of those respondents said they 
keep the product less than five feet from the ground, well within 
the reach of young children.

“As seen in the survey results, we still have work to do,” 
said Nancy Bock, ACI senior vice president of education. “ACI 
is committed to making the public aware of the importance of 
using and storing all laundry detergent packets (as well as other 
household cleaning products) up high and out of the reach of 
children, preferably in a locked cabinet. These products are not 
intended for use by children.”

ACI is a trade organization based in Washington, DC, USA. 



•   

Don’t Take 
Chances You 
Can’t Afford 
Guarantee your peak performance 
and accuracy with the AOCS 
Laboratory Profi ciency Program.

February 20, 2015 is the next 
enrollment deadline. 

Don’t take a chance, enroll today 
and be confi dent in the accuracy and 
integrity of your lab.

w
w

w
.aocs.org/LPP

P: +1 217-693-4803 | F: +1 217-693-4847 | technical@aocs.org



•   



•   



•   



•   

Zhang, Q., et al., University of North Carolina at Chapel Hill, 
US8703437, April 22, 2014

The present invention provides fluorogenic substrates and 
methods of use in detecting and analyzing phospholipase C 
isozyme (PLC) activity.

Suen, Y.F., Chevron Oronite Co. LLC, US8703680, April 22, 
2014

Disclosed are friction modifier compositions and a method 
of lubricating an internal combustion engine, comprising sup-
plying to said engine an oil of lubricating viscosity and from 
0.25 to 5 wt% based upon the total mass of the lubricating oil 
composition of a friction modifier composition containing: (i) 
an amino alcohol reaction product prepared by isomerizing a 
C12–C30 normal alpha olefin using at least one of a solid or liquid 
catalyst to form an internal olefin; epoxidizing said olefin; and 
reacting with a mono-hydroxyl amine; (ii) an ester of glycerol 
and a C12–C22 carboxylic acid containing 0–3 double bonds.

Hagberg, E., et al., Archer Daniels Midland Co., US8703849, 
April 22, 2014

Presently disclosed are high-purity unsaturated fatty acid 
esters with an ester moiety characterized by having from five to 
seven members in a ring structure, which esters when epoxidized 
find particular utility as primary plasticizers in flexible polyvi-
nyl halide applications. Also disclosed are processes for making 
the high-purity esters.

Kitagawa, M., and T. Murata, Nippon Kayaku Kabushiki Kaisha, 
US8703878, April 22, 2014

Enzymes in the body vary among different species, and also 
vary among individuals of the same species. Thus, it has been 
demanded to develop a novel steroid-containing pharmaceutical 

preparation which can release a drug in a manner independent of 
the enzymes present in the body, and which is expected to have 
an efficacious therapeutic effect. Disclosed is a high molecular 
weight conjugate of a steroid, comprising a structure in which 
a carboxylic acid group of a polymer having a polyethylene 
glycol moiety and a succinic acid monoamide moiety having 
two or more succinic acid monoamide units is ester-bonded to 
a hydroxy group in the steroid.

Miller, S.J., Chevron USA Inc., US8709107
The instant invention pertains to new biodiesels which 

may be blended with petrodiesel. The biodiesels may comprise 
a fatty acid C1–C2 alkyl ester and a fatty acid branched C3–C4 
alkyl ester. Blends of the novel biodiesel and petrodiesel often 
exhibit advantageous cloud point properties.

Claydon, D.J., Afton Chemical Corp., US8709108, April 29, 
2014

There is disclosed a fuel composition comprising (i) a 
major amount of a middle distillate fuel comprising from about 
0.5% to about 30% by weight fatty acid methyl esters, relative 
to the total amount of the fuel composition; and (ii) a minor 
amount of an additive composition comprising an antioxidant 
system comprising at least one cyclic amine antioxidant and at 
least one phenolic antioxidant, and at least one ashless disper-
sant, wherein said fuel composition demonstrates reduced sedi-
ment formation as compared to a fuel composition devoid of the 
additive composition, and methods of use thereof.

Cap, D.S., US8709453, April 29, 2014
A cosmetic product includes a vegetable oil blend having 

an iodine value of 20–80 and including a partially hydroge-
nated vegetable oil and a fatty acid. The vegetable oil blend can 
be used alone or in combination with other ingredients. The 
vegetable oil blend moisturizes human skin, provides a protec-
tive barrier to dirt and weather, acts as an emollient, and may 
promote healing of cracked, dry, or otherwise damaged skin.

Lynn, T.B., and L.M. Sacramone, Dexsil Corp., US8709815, 
April 29, 2014

Methods and devices are disclosed providing techniques 
for measuring the amount of biodiesel in a fuel sample. The 
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Jiao, J., et al.,  Am. J. Clin. Nutr. 100: 1422–1436, 2014, http://
dx.doi.org/10.3945/ ajcn.114.095315. 

The objective was to investigate the effect of n−3 PUFA 
supplements on cognitive development, function, and decline 
throughout the life span. The study included randomized 
controlled trials and provided ≥3 mo of treatment. Potential 
studies were independently screened in duplicate, and study 
characteristics and outcomes were extracted. A meta-analy-
sis was performed by using fixed- or random-effects models. 
The results are presented as standardized mean differences 
(SMDs) with 95% CIs. Of the 3692 citations retrieved, 34 
studies of a total of 12,999 participants (1031 infants, 1517 
children, 3657 adults, and 6794 elderly individuals) were 
included. Compared with placebo, n−3 PUFA supplements 
significantly improved cognitive development in infants, 
including the Mental Development Index (SMD: 0.33; 95% 
CI: 0.15, 0.52), the Psychomotor Development Index (0.27; 
95% CI: 0.09, 0.45), and language (0.27; 95% CI: 0.13, 
0.42), motor (0.29; 95% CI: 0.14, 0.43), and cognitive (0.31; 
95% CI: 0.16, 0.45) abilities. However, n−3 PUFAs did not 
promote cognitive function in terms of composite memory, 
executive function, and processing speed domains in chil-
dren, adults, or the elderly, except for the attention domain. 
No association was found between n−3 PUFA intake and 
improvements in cognitive performance in terms of recogni-
tion, immediate and delayed word recall, digit span backward 
and forward tests, rapid visual information processing, verbal 
fluency, and simple and choice reaction times. In addition, 
n−3 PUFA supplements were not associated with improve-
ments in cognitive decline or with any effects on Alzheimer 
disease in elderly people. n−3 PUFA supplements may sig-
nificantly improve cognitive development in infants but do 
not improve cognitive performance in children, adults, or 
the elderly. n−3 PUFA intake, especially that of DHA supple-
ments, may benefit cognitive development during infancy. 

Yakoob, M.Y., et al., Am. J. Clin. Nutr. 100 : 1437–1447, 2014, 
http://dx.doi.org/10.3945/ ajcn.114.083097.  

Previous observational studies of self-reported dairy 
product consumption and stroke risk have reported mixed find-
ings. Few studies have used circulating biomarkers that provide 
objective measures of dairy fat intake. We tested the hypothe-
sis that the circulating biomarkers of dairy fat, pentadecanoic 
acid (15:0), heptadecanoic acid (17:0), and trans palmitole-
ate (trans 16:1n−7), were associated with lower incidence of 
stroke, especially ischemic stroke. Secondarily, we evaluated 
14:0, which is obtained from dairy products and beef, and also 
endogenously synthesized. In participants from two large US 
cohorts (the Health Professionals Follow-Up Study: 51,529 
men; the Nurses’ Health Study: 121,700 women) with stored 
blood samples in 1993–1994 (n = 18,225) and 1989–1990 (n 
= 32,826), respectively, we prospectively identified 594 inci-
dent stroke cases (median follow-up: 8.3 y) and matched them 
1:1 to risk-set–sampled control subjects by age, sex, race, and 
smoking. Total plasma and red blood cell (RBC) fatty acids 
were measured by using gas-liquid chromatography. Covariates 
were assessed by using validated questionnaires. Stroke events 
and subtypes were adjudicated by using medical records or 
other supporting documentation. We used conditional logistic 
regression to estimate associations of fatty acids with incident 
stroke, and cohort-specific findings were combined by inverse-
variance weights. After adjustment for demographic charac-
teristics, lifestyle, cardiovascular disease risk factors, diet, and 
other circulating fatty acids, no significant associations with 
total stroke were seen for plasma 15:0 (pooled HR for highest 
compared with lowest quartiles: 0.85; 95% CI: 0.54, 1.33), 
17:0 (0.99; 0.67, 1.49), trans 16:1 n−7 (0.89; 0.55, 1.45), or 
14:0 (1.05; 0.62, 1.78). Results were similar for ischemic and 
hemorrhagic stroke subtypes, for RBC fatty acids, and in several 
different sensitivity analyses. In two large prospective cohorts, 
circulating biomarkers of dairy fat were not significantly asso-
ciated with stroke. 

Sánchez de Medina, V.,  et al., J. Sci. Food Agri. 94: 3100–3109, 
2014, http://dx.doi.org/10.1002/jsfa.6653.
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The growing demand for high-quality virgin olive oils 
(VOOs) has increased the interest in olive breeding programs. 
Cross-breeding is considered, within these programs, the best 
strategy to generate new cultivars as an attempt to improve the 
present cultivars. In this research, the phenolic profile of VOOs 
from target crosses (Arbequina × Arbosana, Picual × Koroneiki 
and Sikitita × Arbosana) and their corresponding genitors 
(Arbequina, Arbosana, Koroneiki, Picual and Sikitita) has been 
evaluated using a targeted metabolomics approach. The phenolic 
profiles were obtained by liquid chromatographic–hybrid quad-
rupole time-of-flight mass spectrometric targeted analysis of 37 
phenols or compounds involved in the main pathways for their 
biosynthesis. Statistical multivariate analysis by principal com-
ponent analysis was applied to study the influence of genotype 
on phenol composition. Phenolic compounds with the highest 
contribution to explain the observed variability associated to 
genotype were identified through fold change algorithms (cut-
off > 2.0) and t-test analysis. A total of nine phenols (viz. quer-
cetin, ligstroside aglycon (p-HPEA-EA), demethyl oleuropein 
aglycon, oleuropein aglycon (3,4-DHPEA-EA), hydroxypin-
oresinol, hydroxytyrosol and phenolic acids such as p-coumaric 
acid, ferulic acid and protocatechuic acid) contributed to explain 
the observed variability with 99% confidence (P<0.01). 

Xie, W. and J. Chen, J. Agric. Food Chem. 62: 10414–10421, 
2014, http://dx.doi.org/10.1021/jf503726a.

Heterogeneous interesterification of vegetable oils offers 
an environmentally more attractive option for the modification 
of edible oils to meet the specifications for certain food applica-
tions. In this work, potassium-doped alumina (KNO3/Al2O3) 
was prepared using an impregnation method, followed by cal-
cinations at a temperature of 700 °C, and was then employed as 
heterogeneous catalysts for the interesterification of triacylglyc-
erols. The solid catalyst was characterized by means of Hammett 
titration method, power X-ray diffraction, scanning electron 
microscopy, and nitrogen adsorption–desorption techniques. It 
was determined that the catalyst with KNO3 loading of 35% on 
alumina support and calcined at 700 °C exhibited the best cata-
lytic activities toward the interesterification between soybean 
oil and methyl stearate under solvent-free conditions. Also, the 
solid base catalyst was successfully applied to the interesterifica-
tion of soybean oil and lard blends in a heterogeneous manner. 
The physicochemical properties of the interesterified products 
were investigated using gas chromatography, high-performance 
liquid chromatography, and confocal laser scanning microscopy. 
It was found that the slip melting point and crystal morphol-
ogy had a significant variation after the interesterification reac-
tion as a result of the modification in the TAG profile. With the 
solid base catalyst, an environmentally friendly approach for the 
interesterification of triacylglycerols in a heterogeneous manner 
was developed.

S. Sezer Kiralan, et al.,  J. Agric. Food Chem. 62: 10561–10566, 
2014, http://dx.doi.org/10.1021/jf503115j.

The physical location of antioxidants in oil-in-water emul-
sions can have significant influence on their free radical scav-
enging activity and ability to inhibit lipid oxidation. We aimed 
to determine the effect of the surfactant concentration on the 
partitioning behavior of tocopherols (α, γ, and δ) in oil-in-water 
emulsions. Tween 20 (0.1, 0.5, and 1%) increased the partition-
ing of the tocopherols into the aqueous phase via the formation 
of Tween 20–tocopherol comicelles. Partitioning behavior of 
antioxidants was dependent upon the number of methyl groups 
and, thus, polarity of the tocopherols. δ-Tocopherol (one methyl 
group) exhibited the most partitioning into the aqueous phase, 
while α-tocopherol (three methyl groups) had the lowest par-
titioning. Lipid oxidation studies showed that the antioxidant 
activity of δ- and α-tocopherols was enhanced by adding Tween 
20 to oil-in-water emulsions. This work suggests that surfactant 
micelles could increase the antioxidant activity of tocopherols 
by changing their physical location.

Xian-Guo Zou, X. –G., et al., J. Agric. Food Chem. 62: 10594–
10603, http://dx.doi.org/10.1021/jf503691p.

In the present study, a human milk fat substitute (HMFS) 
enriched in medium-chain fatty acids (MCFAs) was synthe-
sized through acidolysis reaction from Cinnamomum camphora 
seed oil (CCSO) with oleic acid in a solvent-free system. A com-
mercial immobilized lipase, Lipozyme RM IM, from Rhizomu-
cor miehei, was facilitated as a biocatalyst. Effects of different 
reaction conditions, including substrate molar ratio, enzyme 
concentration, reaction temperature, and reaction time were 
investigated using response surface methodology (RSM) to 
obtain the optimal oleic acid incorporation. After optimization, 
results showed that the maximal incorporation of oleic acid into 
HMFS was 59.68%. Compared with CCSO, medium-chain 
fatty acids at the sn-2 position of HMFS accounted for >70%, 
whereas oleic acid was occupied predominantly at the sn-1,3 
position (78.69%). Meanwhile, triacylglycerol (TAG) com-
ponents of OCO (23.93%), CCO (14.94%), LaCO (13.58%), 
OLaO (12.66%), and OOO (11.13%) were determined as 
the major TAG species in HMFS. The final optimal reaction 
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conditions were carried out as follows: substrate molar ratio 
(oleic acid/CCSO), 5:1; enzyme concentration, 12.5% (w/w 
total reactants); reaction temperature, 60 °C; and reaction time, 
28 h. The reusability of Lipozyme RM IM in the acidolysis 
reaction was also evaluated, and it was found that it could be 
reused up to 9 times without significant loss of activities. Urea 
inclusion method was used to separate and purify the synthetic 
product. As the ratio of HMFS/urea increased to 1:2, the acid 
value lowered to the minimum. In a scale-up experiment, the 
contents of TAG and total tocopherols in HMFS (modified 
CCSO) were 77.28% and 12.27 mg/100 g, respectively. All of 
the physicochemical indices of purified product were within 
food standards. Therefore, such a MCFA-enriched HMFS pro-
duced by using the acidolysis method might have potential 
application in the infant formula industry.

Barden, A., et al., J. Lipid Res. 55: 2401–2407, 2014, http://
dx.doi.org/10.1194/jlr.M045583 

 Resolution of inflammation is an active process 
involving specialized proresolving mediators (SPM) formed 
from the n-3 fatty acids. This study examined the effect of n-3 
fatty acid supplementation and aspirin on plasma SPMs in 
healthy humans. Healthy volunteers (n = 21) were supple-
mented with n-3 fatty acids (2.4g/day) for 7 days with random 
assignment to take aspirin (300 mg/day) or placebo from 
day 5 to day 7. Blood was collected at baseline (day 0), day 5, 
and day 7. Plasma 18R/S-HEPE, E-series resolvins, 17R/S-
HDHA, D-series resolvins, 14R/S-HDHA, and MaR-1 were 
measured by LC/MS/MS. At baseline concentrations of E- and 
D- series resolvins and the upstream precursors 18R/S-HEPE, 
17R/S-HDHA ranged from 0.1nM to 0.2nM. 14R/S-HDHA 
was 3-fold higher than the other SPMs at baseline but MaR-1 
was below the limit of detection. Supplementation with n-3 
fatty acids significantly increased RvE1, 18R/S-HEPE, 17R/S-
HDHA, and 14R/S-HDHA but not other SPMs. The addition 
of aspirin after 5 days of n-3 fatty acids did not affect concen-
trations of any SPM. N-3 fatty acid supplementation for 5 days 
results in concentrations of SPMs that are biologically active in 
healthy humans. Aspirin administered after n-3 fatty acids did 
not offer any additional benefit in elevating the levels of SPMs. 

Huang, H., et al., J. Agric. Food Chem. 62: 10752–10758, 2014, 
http://dx.doi.org/10.1021/jf504058f.

In the present study, the effects of δ-tocopherol (δ-T) 
on growth and apoptosis of human prostate cancer cells were 
determined and compared with that of α-tocopherol (α-T), 
a commonly used form of vitamin E. Treatment of human 
prostate cancer cells with δ-T resulted in strong growth inhi-
bition and apoptosis stimulation, while the effects of α-T were 
modest. The strong effects of δ-T on the cells were associ-
ated with suppression of androgen receptor (AR) activity 
and decreased level of prostate specific antigen (PSA) that is 
a downstream target of the AR signaling. In the in vivo study, 
we found that δ-T had a more potent inhibitory effect on the 
formation and growth of prostate xenograft tumors than that 
of α-T. Moreover, δ-T inhibited proliferation and stimulated 
apoptosis in the tumors. The present study identified δ-T as a 
better form of vitamin E than α-T for future clinical studies of 
prostate cancer prevention.

Paul R. S. Baker, et al., J. Lipid Res. 55: 2432–2442, 2014, http://
dx.doi.org/10.1194/jlr.D051581.  

Phospholipids serve as central structural components in 
cellular membranes and as potent mediators in numerous sig-
naling pathways. There are six main classes of naturally occur-
ring phospholipids distinguished by their distinct polar head 
groups that contain many unique molecular species with dis-
tinct fatty acid composition. Phospholipid molecular species 
are often expressed as isobaric species that are denoted by 
the phospholipid class and the total number of carbon atoms 
and double bonds contained in the esterified fatty acyl groups 
(e.g., phosphatidylcholine 34:2). Techniques to separate these 
molecules exist, and each has positive and negative attributes. 
Hydrophilic interaction liquid chromatography uses polar 
bonded silica to separate lipids by polar head group but not 
by specific molecular species. Reversed phase (RP) chroma-
tography can separate by fatty acyl chain composition but not 
by polar head group. Herein we describe a new strategy called 
differential ion mobility spectrometry (DMS), which sepa-
rates phospholipid classes by their polar head group. Combin-
ing DMS with current LC methods enhances phospholipid 
separation by increasing resolution, specificity, and signal-
to-noise ratio. Additional application of specialized informa-
tion-dependent acquisition methodologies along with RP 
chromatography allows full isobaric resolution, identification, 
and compositional characterization of specific phospholipids 
at the molecular level. 
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Paradiso, V.M.,  et al., J. Agric. Food Chem. 62: 10776–10782, 
2014, http://dx.doi.org/10.1021/jf5025888.

The relationship between fatty acid composition of oils 
and their oxidative stability in the presence of monoacylglyc-
erols was investigated. Purified vegetable oils were added at 
increasing amounts (0.5, 1, 2, and 3%) of monoacylglycerols 
obtained from purified soybean oil and submitted to an oven 
test (60 °C for 18 days). The obtained results showed a gener-
ally antioxidant effect of monoacylglycerols, with remarkable 
differences among oils. The antioxidant effect was significantly 
higher in less unsaturated oils, such as palm and olive oils. 
Among the more unsaturated vegetable oils, peanut and sun-
flower oils showed an almost linear slowdown of oxidation, 
slightly less pronounced in sunflower oil, which was the most 
susceptible to oxidation due to its high content of linoleic acid. 
A peculiar trend was highlighted for soybean oil, where the 
antioxidant effect of high amounts of monoacylglycerols was 
opposed to a pro-oxidant effect observed up to 1%.

Mæhre, H.K., et al., J. Sci. Food Agri. 94 : 3281–3290, 2014, 
http://dx.doi.org/10.1002/jsfa.6681.

The objectives of this study were to examine protein and 
amino acid composition, lipid and fatty acid composition, 
along with a range of essential minerals in common Norwe-
gian seaweed species representing the red (Palmaria palmata 
and Vertebrata lanosa), green (Cladophora rupestris, Enteromor-
pha intestinalis and Ulva lactuca) and brown (Alaria esculenta, 
Laminaria digitata, Laminaria hyperborea, Fucus vesiculosus and 
Pelvetia canaliculata) classes and assess their potential as alter-
natives to cereals in food and feed. As macroalgae accumulate 
heavy metals, arsenic, cadmium and mercury were also ana-
lyzed.Proteins ranged from 34 to 123 g kg−1 dry weight (DW) 
and the essential amino acid levels may cover both human and 
salmonid requirements. Lipids were low (6–58 g kg−1 DW), 
but the red algae had high relative content of long-chained 
omega-3 fatty acids (32–34 % of the fatty acids). Iodine con-
tents were particularly high in the Laminaria species. Of the 
heavy metals only arsenic levels may be of concern. In total, 
the red alga P. palmata was regarded as the best alternative to 

cereals in food and feed. For several of the other species, sin-
gle-component extraction for the ingredients market may be 
better than using the whole product. 

Márquez-Ruiz, G., et al., Eur. J. Lipid Sci. and Techn.116 : 1441–
1450, 2014, http://dx.doi.org/10.1002/ejlt.201400063.

The action of antioxidants is well known under room 
temperature conditions during storage or at the moderate 
temperatures of the accelerated tests used to measure the 
oil stability. However, efficacy of antioxidants under frying 
conditions is far more difficult to be evaluated and defined 
because availability of air is lower and variable, and both oxi-
dation and thermal reactions are simultaneously involved. 
This review is focused on the analysis and evaluation of effi-
cacy of antioxidants in frying. Specific aspects of the action 
of natural and synthetic antioxidants at high temperature 
are discussed, and the most important methods used for the 
analysis of antioxidants and their efficacy are described. Addi-
tion of dimethylpolysiloxane (DMPS) was highly protec-
tive during discontinuous frying. Figure shows formation of 
polar compounds in high-linoleic sunflower oil (HLSO) and 
high-oleic sunflower oil (HOSO) with and without DMPS 
during discontinuous frying of potatoes at 180°C. Oil degra-
dation was remarkedly decreased by DMPS addition since it 
is specifically active during the period in which the oil is not 
protected from the penetration of oxygen by the steam water 
from the fried food.

Hassanien, M.M.M., et al., Eur. J. Lipid Sci. and Techn.116 
:  1 5 6 3 – 1 5 7 1 ,  2 0 1 4 ,  h t t p : / / d x .d o i .o r g / 1 0 . 1 0 0 2 /
ejlt.201300475.

Non-traditional plant oils, such as cold pressed black 
cumin ( ) seeds oil and oils extracted by n-hex-
ane in the lab conditions from food industry by-products, 
namely, apricot kernels ( ), wheat germ 
( ), grape seeds ( ), and tomato 
seeds ( ) were investigated. Bioac-
tive compounds such as phytosterols, tocopherols, and toco-
trienols, and also fatty acid composition were determined 
by GLC and HPLC. The oxidative stability index of oils was 
evaluated by rancimat method. The fatty acid composition of 
lipids from apricot kernels was different from the other oils. 
The contribution of oleic acid in apricot oil amount 66.77%, 
while in the other oils ranged from 12.39% to 21.86%. The 
highest level of α-linolenic acid was determined in wheat germ 
oil (7.58%). Concerning phytosterols, β-sitosterol was major 
component in all oils extracted from non-traditional sources, 
with wheat germ oil being the richest in total phytosterol 
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content. Wheat germ oil was very rich in campesterol and 
sitostanol. It was found that wheat germ, black cumin seed, 
tomato seed, and apricot kernel oils contained significant 
amount of citrostadienol. Concerning the vitamin E, it was 
found that black cumin seed oil contained highest amount of 
tocotrienols and gamma tocopherols, while, tomato seed oil 
contain highest amount of gamma-tocotrienols. Wheat germ 
oil was unique in having a high content of alpha-tocopherol. 
Apricot kernel and wheat germ oils showed the highest oxida-
tive stability as shown from its induction period compared to 
the other investigated oils. It is recommended that these oils 
can be utilized as sources of value added products, natural 
antioxidants, edible, and healthy oils. 

Ma, A. –C., et al.,  J. Agric. Food Chem. 62: 11157–11162, 2014, 
http://dx.doi.org/10.1021/jf503068n.

The chemical composition of monogalactosyldiacylg-
lycerols (MGDGs) from brown alga Sargassum horneri and 
their inhibitory effects on lipid accumulation were investi-
gated in this study. A total of 10 molecular species of MGDGs 
were identified using nuclear magnetic resonance, alka-
line hydrolysis, gas chromatography–flame ionization detec-
tor, and high-performance liquid chromatography–tandem 
mass spectrometry methods. Individual molecular species of 
MGDGs, including (2S)-1-O-myristoyl-2-O-palmitoleoyl-3-
O-β-d-galactopyranosyl-sn-glycerol (1), (2S)-1-O-myristoyl-
2-O-linoleyl-3-O-β-d-galactopyranosyl-sn-glycerol (3), 
(2S)-1-O-palmitoyl-2-O-linolenoyl-3-O-β-d-galactopyranosyl-
sn-glycerol (5), (2S)-1-O-myristoyl-2-O-oleyl-3-O-β-d-galactopyranosyl
-sn-glycerol (7), (2S)-1-O-palmitoyl-2-O-palmitoleoyl-3- 
O-β-d-galactopyranosyl-sn-glycerol (8), (2S)-1-O-palmitoyl-
2-O-linoleyl-3-O-β-d-galactopyranosyl-sn-glycerol (9), and 
(2S)-1-O-palmitoyl-2-O-oleyl-3-O-β-d-galactopyranosyl-sn-
glycerol (10), were then furnished using semi-preparative 
high-performance liquid chromatography, and their inhibi-
tory effects on triglyceride (TG) accumulation and free fatty 
acid (FFA) levels in 3T3-L1 adipocytes were evaluated. Com-
pounds 3 and 9 showed inhibitory effects on TG and FFA accu-
mulation, with TG levels of 1.568 ± 0.2808 and 1.701 ± 0.1460 
μmol/L and FFA levels of 0.149 ± 0.0258 and 0.198 ± 0.0229 
mequiv/L, respectively, which were more effective than other 
compounds. The primary structure–activity relationship sug-
gested that linoleyl [18:2(ω-6)] in the sn-2 position played an 
important role on triglyceride accumulation inhibition.  
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It has long been recognized that both quantity and quality 
of dietary protein is important for human health. A means of 
accurately assessing protein quality is important for evaluating 
overall public health needs as well as the needs of specific pop-
ulations. Protein quality assessment is also used for regulatory 
purposes, such as food labeling, and can have economic impli-
cations. However, debate continues over the most appropriate 
way to assess protein quality. 

Protein quality evaluation aims to determine the capac-
ity of food protein sources to satisfy the metabolic demand 
for amino acids and nitrogen. Thus, any measure of overall 
dietary protein quality should predict the overall efficiency of 
protein utilization. This would include a measure of protein 
bioavailability, related to digestion and absorption, along 
with a measure of biological value that indicates how well the 
absorbed amino acid profile matches human requirements. Dif-
ferent models have been used for assessment, including human, 
animal and in vitro.  

The Protein Efficiency Ratio (PER), a rat assay method, 
has been in use since 1919. It measures the ability of a protein to 
support growth in young, rapidly growing rats and thus is more 
reflective of the amino acid needs of rats rather than humans. It 
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has been criticized for over-estimating the value of some animal 
proteins for growth while under-estimating the value of some 
vegetable proteins. While the PER method has been used for 
nearly 100 years, and was once used by many countries (includ-
ing the United States) as the recognized procedure for measuring 
protein quality, it is no longer widely used globally for regula-
tory purposes.  

With time, more studies on human amino acid require-
ments and protein bioavailability have become available. Con-
sequently, newer methods for protein quality assessment have 
been proposed and used. Th e Protein Digestibility-Corrected 
Amino Acid Score (PDCAAS), which compares the amino 
acid composition of a dietary protein to a reference amino acid 
profi le and adjusts for protein digestibility, was introduced in 
1991, and has been adopted by regulatory agencies globally.  
PDCAAS is expressed as a decimal score or percent, with 1.00 or 
100% indicating that the protein can supply all amino acid needs 
when fed at nutritionally appropriate amounts. Scores above 
100% are truncated for reporting based on the rationale that 
there is no benefi t for an amount in excess of needs. Strengths 
of the PDCAAS method are that it is relatively easy and eco-
nomical to conduct, it is based on human amino acid needs, 
and PDCAAS values can be calculated for a blend of proteins. 
While the method has been criticized for a variety of reasons 
(fecal digestibility is not the best indicator of the availability of 
individual amino acids, truncation of values to 1.00 or 100% 
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does not distinguish between the contributions of a protein that 
provides adequate vs. excessive amounts of particular amino 
acids, the method relies only on a single reference pattern for 
2–5 year olds), consensus among experts for a method to replace 
PDCAAS has not yet been achieved.   PDCAAS is currently 
used in the United States to evaluate and support a protein nutri-
ent content claim that a particular food is a “good” or “excellent 
source” of protein.  Figure 1 (page 111) provides PDCAAS 
values for common protein-containing ingredients and foods.

Biological Value (BV), which compares the amount of 
nitrogen retained to the amount of nitrogen absorbed while on 
a specific test diet, is not used not used by regulatory agencies 
but is popular in the sports market segment.  A criticism of this 
method is that BV is measured when the protein content of a 
diet is below a requirement, and differences seen often disappear 
when protein is fed at levels above or close to the requirement.  

More recently, the Digestible Indispensable Amino Acid 
Score (DIAAS) has been proposed. Its advocates recommend 

that different amino acid reference patterns and ileal digestibil-
ity be used to assess amino acid bioavailability.  Other methods 
using stable isotope tracers have also been proposed. These 
include the Indicator Amino Acid Oxidation Method, Postpran-
dial Protein Utilization, and Net Postprandial Protein Utiliza-
tion. These newer methods are not generally accepted and lack 
regulatory adoption. Greater consensus is needed before these 
can be used for routine food evaluation.  

To achieve consensus, further evaluation is needed to deter-
mine the most biologically relevant, reproducible, cost-effective 
method that can be widely and practically implemented.  An 
ideal method for the food industry would be one that accurately 
reflects the ability of a food protein to meet human nutritional 
needs, is easily understood by the food industry as well as by 
health practitioners, and is economical to implement within a 
reasonable period of time.  Collaborative studies would need to 
be conducted to demonstrate excellent repeatability within a 
laboratory and reproducibility between laboratories.  Increased 
interest in this topic led to a full session at the AOCS Annual 
Meeting in May 2014 that was devoted to the topic “Assessment 
of protein nutritional quality.” While the protein quality debate 
pushes on, PDCAAS continues to be the approved protein 
quality methodology for regulatory purposes.   
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Semi-solid lipids are characterized by specifi c physical properties 
such as texture, melting profi le, crystal size, solid fat content (SFC), and 
polymorphism that contribute to the quality of products. Th ese physi-
cal properties are determined by the type of crystalline network that is 
formed during processing. Th erefore, specifi c processing conditions must 
be maintained to achieve the desired properties. Some of these process-
ing conditions include crystallization temperature, cooling rate, the use 
of additives, and agitation. Recent research in the area of lipid crystalliza-
tion suggests that high intensity ultrasound can be used as an additional 
processing technology to manufacture shortenings and to help tailor their 
physical properties.

High-intensity ultrasound (HIU), or power ultrasound, is an acoustic 
technique that operates at very low frequencies (20 kHz) and high power 
intensities (above 10 W/cm2). Acoustic waves generated by HIU travel 
through a material in a sinusoidal manner, creating zones of low and high 
acoustic pressure. When the amplitude of the acoustic wave is higher than 
the ambient pressure, zones of negative pressures are generated during the 
rarefaction phase (or low acoustic pressure) and the material is put into 
tension, generating cavities that ultimately grow into bubbles. Th e degree 
of tension generated is determined by the diff erence between the acoustic 
and atmospheric pressures. Cavities or bubbles formed during insonation 
can oscillate around their equilibrium position (stable cavitation) or they 
can grow and collapse (inertial cavitation). Bubble collapse is associated 
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with very high and localized temperatures (5,000–10,000 K), 
shear forces, and pressures (100–5,000 atm) that can gener-
ate physicochemical changes in the material where the wave is 
being propagated. 

Th is type of technique has been mainly used to induce or 
accelerate the rate of chemical reactions and to induce the crys-
tallization of inorganic and organic molecules. HIU has also 
been used in several food science applications such as homog-
enization, ultrasound assisted extraction, pasteurization, and 
defoaming, to name a few (Rastogui, 2011).  Recently several 
researchers have shown that HIU can be used as an additional 
processing tool to process lipids commonly used by the food 
industry.

HIU was fi rst used to change the crystallization of edible lipids 
by Sato’s group (Higaki, et al., 2001; Ueno, et al., 2002, 2003) , 
followed by Patrick, et al. (2004).  Th ese authors showed that 
HIU accelerated formation of the most stable polymorphic 
form in cocoa butter, tripalmitin, trilaurin, trimyristin, and 
tricaprin (Higaki, et al., 2001; Ueno, et al., 2002, 2003) and 
induced the crystallization of palm oil (Patrick, et al., 2004).  
Further research by Martini  (Martini, et al., 2008; Suzuki, et 
al., 2010; Ye, et al., 2011; Martini, et al., 2012; Wagh, et al., 
2013; Chen, et al, 2013) has shown that this technique can 
also be used to alter the hardness, viscoelasticity, crystal size, 
melting behavior, and other physical properties of the crystal-
line network that is formed. 

Eff ect of HIU on crystal size and morphology: One of the 
most significant effects of HIU is in the generation of small 
crystals.  Figure 1 shows pictures of crystals from diff erent fats 
systems— anhydrous milk fat (AMF), palm kernel oil (PKO), 
and all-purpose shortening (APS)—taken with a polarized 
light microscope. A signifi cant reduction in crystal size can be 
observed as a consequence of sonication (20 kHz, 10 sec).  In 
addition, some studies report changes in crystal morphology 
possibly due to the formation of diff erent polymorphic forms 
(Patrick, et al., 2005; Martini, et al., 2008; Suzuki, et al., 2010; 
Ye, et al., 2011; Chen, et al., 2013). 

Eff ect of HIU on melting behavior and amount of solids: In 
addition to the eff ect on crystal size and morphology, HIU can 
generate a crystalline network with higher amounts of solids 
(Suzuki, et al. 2010; Chen, et al., 2013). However, the eff ect of 
HIU on inducing the formation of more solids depends on the 
chemical composition of the fat and the processing conditions 
that are used (crystallization temperature, storage time, sonica-
tion time and power). For example, higher amounts of solids 
were generated in palm oil, palm kernel oil, and anhydrous 
milk fat but no diff erences in the amount of solid material were 
observed for commercial shortenings (Suzuki, et al. 2010; Ye, 
et al., 2011) or for anhydrous milk fat crystallized at low tem-
peratures (Suzuki , et al., 2010). Interestingly, HIU also aff ects 
the melting behavior of the crystalline network that is formed.  
In general, sonicated samples melt faster and within narrower 
temperature ranges, which results in a sharper melting profi le 
(Suzuki, et al., 2010; Ye,, et al. 2011).

Effect of HIU on viscoelastic properties and texture: HIU 
is very efficient at creating lipid crystalline networks with 
increased texture, elasticity, and viscosity (Figure 2, page 116). 

Changes in texture and viscoelastic properties of lipids 
are mainly driven by the amount of solid material but also by 
crystal sizes: Th e higher the solid content, the harder the mate-
rial. However, given a similar content of solids, crystalline net-
works with smaller crystals tend to be harder and more elastic. 
In general, the decrease in crystal size that results from sonica-
tion is the main factor responsible for generating a harder and 
more elastic crystalline network.

CONTINUED ON PAGE 116
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Figure 3 shows an example of how HIU can be used in 
combination with other processing conditions to tailor physi-
cal properties of the material. In this example, anhydrous milk 
fat was crystallized with and without the addition of the emul-
sifier lactose monolaurate (LML). The emulsifier delayed the 
crystallization of the fat, which increased the induction time of 
crystallization at 31 °C from 34.2 ± 1.7 min to 47.1 ± 1.3 min 

(Wagh, et al., 2013). This delay in the crystallization resulted 
in a significantly less viscous crystalline network.  However, 
when the samples were crystallized in the presence of ultra-
sound, a significant increase in the viscosity of the samples was 
obtained, and the viscosity of the sonicated fat and emulsifier 
reached levels similar levels to those obtained in the unsoni-
cated fat (Figure 3). The use of HIU in this case was very helpful 
in restoring the crystalline network lost in the samples due to 
the addition of an emulsifier.

The use of high-intensity acoustic waves is usually associated 
with the generation of physical and chemical changes in mate-
rials.  In contrast, research performed in our laboratory showed 
that although sonication generated physical changes in edible 
lipids, it did not produce any observable changes in the chem-
ical properties of the material. For example, no changes in 
oxidative stability (measured as peroxide value) or fatty acid 
composition were observed.  In addition, the sonicated short-
enings did not exhibit any off-flavors when tested in baked 
products such as cakes, cookies, and pie crusts (Zhong, et al., 
2014). It is important to note that changing the sonication con-
ditions might produce different results. Our experiments used 
HIU for very short periods of sonication time (10 sec) and a 
relatively low power density (< 1W/cm3). Altering the power 
levels, densities and duration of the pulse could theoretically 
produce observable chemical effects. 

The use of HIU as a tool in lipid processing is still in its infancy.  
A significant amount of research must be performed to better 
understand the effect of acoustic waves on lipid crystallization 
and to optimize its use in a production plant.  The effects that 
HIU has on lipid crystallization depend strongly on the chem-
ical composition of the initial material.  That is, conditions 
(power levels, crystallization temperature) that might work 
for a specific fat might not work for a different one. Therefore 
it is important to optimize the technique for a specific type of 
fat and crystallization condition. With further development, 
this novel technology could be an additional tool to tailor the 
physical properties of lipids low in saturated fats and free of 
trans-fats in a way that produces healthful and functional trans-
fat replacers.      
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Iron deficiency anaemia is a problem in both developing and 
developed countries. Iron is notoriously difficult to deliver in 
food systems because of reactivity and solubility problems. Free 
iron catalyzes lipid oxidation and rancidity in foods, and iron 
chelated with casein proteins from milk is thus an attractive 
alternative. Casein-chelated iron has been used in the past to 
fortify dairy foods with up to 1.5 mM of iron, but a new tech-
nology has increased fortification capacity by more than 10-fold.

Caseins comprise 80% w/w of milk protein, and they are 
present in milk as colloidal micelles a few hundred nanome-
tres in diameter. Casein micelles are nature’s vehicle for deliv-
ering highly digestible protein to the bovine infant, but they 
also contain nanoclusters of calcium phosphate, thus delivering 
calcium in a stable and soluble form. 

In the new process, developed at the Riddet Institute in 
New Zealand, milk is first partially depleted of calcium by expos-
ing it to an ion-exchange resin at low temperature. With high 
levels of calcium depletion the casein micelles dissociate, and 
the milk becomes translucent (Fig. 1, page 117). 

With 70% calcium depletion, up to 20 mM of added iron 
will bind to milk proteins in a soluble form that is stable during 
heat processing (90 ˚C for 30 min). The process has been pat-
ented and commercialized under the brand FerriPro. Formu-
lation trials have shown that a chocolate milk fortified with 
FerriPro can deliver 50% of a child’s recommended daily intake 
(RDI) of iron in a single 200 mL serving.

Similarly, researchers at the University of Guelph in 
Ontario, Canada, have found that partially removing beta-casein 
from micelles can enhance the binding of other bioactive mol-
ecules. Up to 60% depletion of the beta-casein is achieved by 
holding a suspension of micelles at 4 ˚C followed by centrifugal 
separation. Depletion apparently makes more space for ligands 
to diffuse into micelles and bind to the proteins, as indicated by 
stronger binding of both resveratrol (a polar antioxidant found 
in red wine) and curcumin (a nonpolar anti-tumour agent found 
in turmeric).

Oil-in-water emulsions are dispersions of lipid droplets in water. 
They are inherently unstable, and to inhibit phase separation an 
amphiphilic emulsifying agent (i.e., a molecule with both polar 
and nonpolar regions) is needed. Solid particles adsorb strongly 
to interfaces and provide better steric stabilisation than small 
molecule emulsifiers. Particle-stabilized or “Pickering” emul-
sions are an area of active research.

Riddet Institute scientists have developed a new type of 
particle-stabilized emulsion that can be made with food-safe 
materials. This system uses a protein-stabilized nanoemulsion 
(shell lipid) as the emulsifying agent to disperse a second lipid 
(core lipid). This results in a nested structure as shown in Fig. 
2. The system for creating the structure has been named Nano-
Emulsion Shell Technology, or NEST.

Antioxidants are traditionally incorporated into oil-in-
water emulsions by dissolving them in the core lipids, result-
ing in a homogeneous concentration within oil droplets. This is 
a rather inefficient use of antioxidants, which are most needed 
at the oil-water interface, where exposure to dissolved oxygen 
and metal ions occurs. The patented NEST emulsion structure 
allows for the dispersal of antioxidants in the shell lipid, thus 
concentrating them where they are most needed. Even without 
antioxidants, the NEST structure appears to inhibit oxidation 
more effectively than traditional emulsions (Fig. 3).

β-Lactoglobulin (β-lg) is the major protein in the whey fraction 
of bovine milk. Its folded 3-dimensional structure creates two 
sites for specific binding of long-chain hydrophobic molecules, 
including vitamin A and vitamin D (Fig. 4). Recent research has 
examined whether this vitamin-binding ability can be used to 
protect and deliver vitamins in health-enhancing foods.

Taiwanese researchers recently tested the bioavailability of 
vitamin D in mice that were fed the vitamin alone or with milk, 
whey protein, casein or β-lg. Casein produced no improvement 
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in bioavailability, but in all other cases the level of vitamin D in 
the blood plasma was more than 50% higher than when mice 
were fed vitamin D alone. 

The ability of β-lg to improve bioavailability was linked 
to the integrity of the two specific binding sites. Heating β-lg 
destroys one of the sites, and Yang, et al. observed a correspond-
ing step-wise decrease in the ability of heated β-lg to improve 
vitamin D bioavailability in mice. 

A research team from Canada and France reported that 
complexing vitamin D with β-lg also improves its stability 
during storage at 4 ˚C and exposure to UV light (Diarrassouba, 
et al. 2014).

Fat globules in raw milk are surrounded by a membrane contain-
ing a complex mixture of polar lipids, which are ideal building 
blocks for microcapsules called liposomes. Butter manufacture 
produces a byproduct called buttermilk, which is rich in milk fat 
globule membrane components such as phosphatidyl choline, 
phosphatidyl ethanolamine, and sphingomyelin. 

Liposomes consist of one or more concentric bilayers of 
polar lipids enclosing an aqueous solution. They can house 
polar bioactives in the aqueous regions, nonpolar bioactives in 
the bilayer regions, or even a combination of polar and nonpo-
lar bioactives within the same structure.

A New Zealand-China collaboration recently investigated 
the potential for milk-derived liposomes to protect and deliver 

CONTINUED ON NEXT PAGE
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lactoferrin, a minor milk protein that stimulates bone growth 
and is a potent adjuvant for breast cancer chemotherapy. Diges-
tive enzymes in the stomach and intestine readily degrade lac-
toferrin, but liposome encapsulation slowed down the loss of 

lactoferrin in simulated digestion trials. Lactoferrin appeared to 
bind to both the inside and the outside of liposomes, and the 
researchers believe that only internally bound lactoferrin was 
protected from digestive proteases.

Milk is a molecular treasure trove, and the potential for milk-
derived materials to replace synthetic encapsulants in food 
and pharmaceutical applications is gradually being discovered. 
Humans have been consuming bovine milk for millennia; our 
digestive systems are well adapted to digesting and metabolizing 
milk components, so milk-derived encapsulants are inherently 
safer than chemically synthesised “new-to-nature” molecules. 

Recent years have brought an explosion of knowledge in 
how milk proteins and polar lipids form complexes with bio-
active molecules, and how these complexes are processed by 
the human digestive system. Th e scene is set for a new genera-
tion of health-enhancing foods using milk-derived encapsulat-
ing systems.

An analysis performed by the Consumers Union—a nonprofi t 
advocacy group (Yonkers, New York, USA)—estimates the 
annual cost of labeling foods containing genetically modified 
(GM) ingredients would be $2.30 per person. Th is new estimate 
is much lower than those made previously by other groups, such 
as the Council for Biotechnology Information (Washington, DC, 
USA), an industry group that predicted annual costs on the order 
of $800 for a family of four.

Speaking with NutraIngredients, Jean Halloran, the Consum-
ers Union’s director of food policy initiatives, said that previous 
cost estimates were based on assumptions that food companies 
will switch to all organic ingredients if a law were to require label-
ing of GM foods. Th e estimate made by the Consumers Union 
does not consider reformulation costs, since the US Food and 
Drug Administration states that decisions regarding reformu-
lation are impossible to predict and are not the direct result of 
labeling rules. Th e Consumers Union reviewed the research lit-
erature to fi nd the annual cost increase caused by labeling initia-
tives that occurred between 1991 and 2014 ranged from $0.32 

to $15.05, with a median value of $2.30. Read the full report at 
htt p://tinyurl.com/GMO-labeling-cost (pdf).

Th e gene encoding a venomous peptide produced by spiders has 
been transferred into cott on and tobacco plants in an att empt to 
render them pest-resistant. Th e study detailing this work, led by 
researcher Jörg Romeis of the Institute for Sustainability Sciences 
(Zurich, Switzerland), was published in the Journal of Applied 
Entomology (htt p://dx.doi.org/10.1111/jen.12156, 2014). 

Th e toxin ω-Hexatoxin-Hv1a (Hvt) has known insecticidal 
properties against certain types of arthropods. Th e team reports 
complete larval mortality on Hvt-transgenic tobacco plants but 
not Hvt-transgenic cott on, presumably due to the signifi cantly 
lower expression levels of Hvt in the transgenic cott on. Th e team 
found Hvt did not adversely aff ect four nontarget species that 
were tested, including the larvae of the predators Chrysoperla 
carnea and Coccinella septempunctata, adults of the Aphidus cole-
mani aphid parasite, and adult workers of the Apis mellifera honey 
bee. 
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Th is is just the best-case scenario. In the worst case, uncon-

trolled heat build-up in your plant can lead to runaway reactions 

and explosions. How? Exothermic reactions conducted in 
lab glassware may not accurately measure thermal build-up, 
because heat from the small reaction dissipates out of the glass-
ware quickly and temperature is maintained easily. But, when 
the process is scaled up, the heat transfer is slower and, if the 
plant design does not accommodate it, the heat build-up could 
lead to a runaway reaction (Fig. 1).
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Most of the time this is not a human error on the part 
of research and development or the engineers, rather it is the 
process itself. When the scale is larger, the process is different. 
Consequently, forecasting problems is usually too complex. This 
is why a pilot plant can be of immense use, because it allows the 
lab-scale experiment to be studied in a representative model of 
the large-scale production plant.

In addition to the more detailed data that can be gained, 
the pilot plant performs several other functions. 

In a lab scale study, raw material and catalyst usages are very 
small, so a high purity grade is affordable. At a production plant, 
using such high purity material is often not economically fea-
sible, and a commercial grade material must be used. The dif-
ference in raw material quality can result in longer reaction 
times, poorer product quality, and even the generation of by-
products—all of which can create nasty surprises for a plant 
manager.

Pilot plants are particularly useful for processes that involve 
several reaction steps, because they can be used to produce the 
large quantities of intermediates that are needed to study the 
next reaction process. 

They are also an ideal way to market test a product, as 
samples of a product can be produced and distributed to cus-
tomers for feedback prior to launching mass-scale production. 
And, because pilot plants come in a variety of sizes (from 10 L 
to 1000 L), a good fit can usually be found. 

In lab-scale trials, small quantities of reactants are used in 
non-reactive laboratory glassware, whereas the reaction 
vessels, equipment, and/or piping in an industrial plant may 

be constructed from materials that are incompatible with the 
chemicals. This can result in corrosion, polymerization, and 
sometimes even decomposition. 

Pilot plant trials will quickly indicate if a material is incom-
patible with a process, allowing expensive construction mis-
takes to be avoided. 

Lab-scale trials may not highlight the waste that is generated 
or produce enough by-products to test the feasibility of selling 
them.

Pilot plants can produce sufficient by-products so that 
their quality and sell-ability can be assessed. The waste gener-
ated from the process can also be studied to determine if any 
waste treatment is necessary. Such assessments provide insight 
into the economics of the process.

A lab-scale experiment usually generates erroneous mass bal-
ances, because the quantities at production scale are several 
factors higher.  

Pilot plants can also be used to produce small-scale specialty 
chemicals that serve smaller, niche markets. For example, in 
the surfactants industry there are certain specialty chemicals 
that only highly niched formulators use. Dedicating large-scale 
plant facilities to produce such chemicals is not practical, but 
a multi-purpose pilot plant can supply such niche market seg-
ments perfectly well.

Overall, a pilot plant can move lab-scale research to full-
scale production faster and with less risk. It will help put the eco-
nomics in focus and help one develop a feasible process for a 
production-scale plant. In addition, most pilot plants are multi-
purpose; this allows one to carry out several types of reactions 
and to study the marketability of various products.
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The plant had a Desolventizer-Toaster (DT) 
located outside its facility (Fig. 1). Annual tem-
peratures range widely in the region, so the dome 
temperature within the DT was allowed to be five 
degrees higher than necessary as a means of prevent-
ing system shut-down if internal temperatures on the 
DT dropped. This was done to account for the inher-
ent variability in the process and to prevent loss of 
revenue due to shut-down. As a result, the plant paid 
a higher cost than was needed for the excess steam to 
maintain the higher temperature. Interstates helped 
bring the resources together to determine optimal 
dome temperature within process constraints, to 
design the control system needed to maintain that 
temperature, and to implement the system.

Every facility measures and monitors its pro-
cesses at various steps along the way. As part of the 
project assessment, process data is collected and ana-
lyzed to confirm the business case for the project 
and set the expectations for project performance. 
It’s optimal to have 12 months’ of data to consult; 
with this time frame a mathematical model of the 
system would represent the extremes of summer and 
winter temperatures, humidity, and other variables. 
Though 12 months is optimal, a full year of data is 
not always available. In this case, we used approxi-
mately six months of historical data. Working with 
our software partner, the data collected was used to 
construct a mathematical model of this part of the 
plant’s process. Data points (temperature, pressure, 
and flow rates with respect to time) helped identify 

critical features of each part in the process, how its pieces inter-
twined, and the degree to which they influenced each other. The 
highly complex math can be used to predict how changing one 
part of the process will impact the other parts, how great the 
degree of impact will be, and even what the ramifications will 
be for cost and profit. The six months of data included lab data 
(stored both on paper and electronically), operator log sheets 
of manual readings, process data, system readouts, and cost-
revenue information for raw materials and finished products in 
current markets. The analysis showed that temperature within 
the DT dome fluctuated significantly in a six-month period due 
to process changes. As a result of these process fluctuations, 
the temperature setpoint was far beyond the desired setpoint 
needed to avoid unnecessary shutdowns. Factors influencing 
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dome temperature included steam flow through the DT as well 
as extractor speed, DT level, and discharge airlock speed.

A good process control model should address contrib-
uting factors, but it also accounts for necessary process con-
straints and limits on how much change the process will bear. 
Examples of constraints in this case were minimum discharge 
temperature, maximum dome pressure, and DT electrical 
load. This particular plant has a DT that is separate from the 
Dryer-Cooler (DC), so DT meal discharge moisture percent-
age was not a limiting factor; for a plant with a stacked DTDC  
(Fig. 2), it likely would have been added to the list of constraints. 

A rough, two-variable dynamic model of dome temperature was 
sufficient for our analysis. Using only DT steam flow and extrac-
tor speed as our two inputs to the model, we were able to deter-
mine that those two variables accounted for 60% of the dome 
temperature variation the plant was experiencing. This model 
showed that correctly manipulating steam flow would allow the 
plant to more accurately control dome temperature.

This particular model’s purpose was not to accurately fore-
cast dome temperature to an nth degree, but to tell us whether 

CONTINUED ON NEXT PAGE
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APC was a cost-effective way for the plant to increase profit. By 
accounting for 60% of the variability through a single control 
(steam flow), the model fulfilled its purpose. The analysis esti-
mated that DT dome temperature variation could be reduced 
by 35–75% if we installed APC for steam flow.

Once there is a working model for the process in question, 
we are able to use that model to determine return on invest-
ment (ROI). This helps a team evaluate whether the suggested 
changes of controlling steam flow and monitoring temperature 
are financially beneficial: how much the changes will cost, how 
much money is expected to be saved over time, and how long 
it will be before cost is recouped in savings. ROI calculations 
take into account the engineering and programming costs for 
the assessment, design, and configuration of the project as well 
as any necessary instrumentation, hardware and software licens-
ing requirements, support, and updates. It factors in current 
market prices for inputs (in this case, steam cost) and products 
(soy meal, oil, etc.). These real-time factors are what give ROI 
calculations their power: the ability to see immediately how the 
bottom line will be impacted over time by changing one part of 

the process (Table 1, page 125). ROI analysis showed that a one 
degree Fahrenheit shift in dome temperature corresponded to 
roughly 583 pph of steam for a constant throughput for a given 
operating day. Even taking the low end of estimates for cost 
savings, the math projected close to $70,000 annual savings 
for restricting the dome temperature by only 2.5 degrees. This 
savings is gained when control is only 50% greater than they 
already had! This estimate also does not include savings asso-
ciated with condensate loss reductions due to decreased steam 
usage or additional uptime due to no unplanned outages. The 
team quickly concluded the plant would benefit from adding a 
new steam control valve, a new temperature transmitter on the 
DT dome, and the APC to oversee the two.

There are two options for this sort of APC: a simple control 
solution with modular multi-variable control (MMC) blocks, 
or more complex integrated quality/through-put control with 
a multi-variable model predictive control (MPC). MPC is an 
APC that usually resides on a supervisory control computer 
the process already uses for basic functioning. MPC identi-
fies important process variables and the dynamic relationships 
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between them. It has been a prominent part of APC ever since 
computers acquired the necessary computational capabili-
ties to perform matrix-math based control and optimization 
algorithms in the 1980s. This computing ability allows MPC 
to control multiple variables simultaneously with complete 
understanding of their complex relationships in real time. 
Because of the number of independent and dependent vari-
ables and the complexity of the relationships concerning dome 
temperature, the team recommended a design solution using 
an MPC controller. The controller will use manipulated vari-
ables such as steam flow to influence the controlled variable 
of dome temperature. It will also consider controlled variables 
such as minimum discharge temperature, DT motor amps, and 
maximum dome pressure to keep its steam flow manipulations 
within necessary constraints. Using disturbance variables that 
influence the controlled variables, the MPC controller knows 
how much the  discharge temp will drop before it changes steam 
flow, thereby altering the steam flow without under correcting 
or over correcting.

For this situation, we want the MPC to use the following 
variables.

Control variables:
• Control dome temperature to a target value.
• Maintain discharge temperature above a limit.
• Maintain dome pressure within limits.
• Maintain gearbox amperage within set limits.
• Maintain deck pressure within set limits.
Disturbance variables:
• DT top deck level
• extractor speed
Manipulated variable:
• Steam control valve

All of these goals and restrictions were written in the MPC 
programming at the time of implementation. Cost for the hard-
ware (MPC controller, SCADA servers, operator HMIs, PLC 
controllers, and Ethernet capability), software programming, 
installation, and on-going support were calculated during ROI, 
and installation and implementation went smoothly.

The recommended MPC control began testing and moni-
toring in August 2014. Our data collection from August through 

October show a marked decrease in steam consumption and 
50% decrease in dome temperature variance compared to the 
data before APC installation. Initial ROI numbers forecast that 
savings for the plant would surpass cost in 19 months. The real-
time data from daily operations indicate the break-even point 
to be less than 12 months. Savings on the project is equal to 
approximately 1 pound of steam per bushel of soybeans pro-
cessed. Since the implementation of the project, the plant has 
experienced no unplanned shutdowns due to the dome temper-
ature dropping below its safe threshold. Necessary constraints 
have been honored with no instances of operation that violate 
any of the MPC disturbance variables, just as we hoped. The 
plant is on track to save more than $150,000 annually as a result 
of installing one APC to control one variable.

For continuous industrial processes already in produc-
tion, improving operational efficiency or increasing productiv-
ity can come from implementing some form of APC on top of 
basic processes. This project was a small step to see how APC 
might help control a widely-variant DT dome temperature. 
Beyond controlling steam flow for this single process, the plant 
now has a path forward to greater profit with small risk. This 
same process flow has close to a dozen other points that may 
benefit from further APC control, leading to even greater cost 
savings within the plant. Other plants within the company could 
also improve their profit margins by implementing the APC 
measures used successfully at this facility. The company could 
improve profit margin greatly over the long-term without hiring 
personnel, without increasing consumption, without purchas-
ing more raw materials, and without changing product pricing. 
APC provides a logistically sound way to manage resources 
better within specified boundaries. This specific APC imple-
mentation is a good example of how seemingly small adjust-
ments can provide substantial results over time.
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methods may be used in the field without the use of laboratory 
equipment. The biodiesel in the sample is converted to the cor-
responding free acid, which can be isolated and quantified to 
provide information regarding the amount of biodiesel in the 
original sample. 

Hauer, B., et al., BASF S.E., US8715970, May 6, 2014
The present invention relates to a biocatalytic method of 

preparing a mono-acylated polyol catalyzed by triacylglycerol 
lipase mutants, as for example derived from Candida antarctica 
lipase B (CALB); a biocatalytic method of enantioselectively 
preparing an asymmetric mono-acylated polyol, catalyzed by 
the same enzyme mutants; as well as the use of a mutated tri-
acylglycerol lipase in a method of preparing mono-acylated 
polyols. The invention also provides novel mutants, coding 
sequences thereof, and recombinant microorganisms carrying 
said coding sequences.

Liu, Q., et al., Commonwealth Scientific and Industrial Research 
Organisation, US8716555, May 6, 2014

The present specification relates to the production of 
cotton plants and seeds and oil prepared therefrom having ele-
vated levels of oleic and reduced levels of palmitic and linoleic 
acids. Furthermore, cottonseeds having low levels of cyclopro-
pane and/or cyclopropene fatty acids and/or reduced levels of 
gossypol are described herein. The specification also describe 
FatB [acyl-ACP thioesterase] and CPA-FAS [cyclopropane fatty 
acid synthase] nucleotide and amino acid sequences derived 
from cotton facilitating, inter alia, the direct modification of 
plant oil content and/or composition. 

Kunjachan, V., Globus Medical, Inc., US8716363, May 6, 2014
Disclosed are phospholipid-based compositions and 

implant devices, as well as methods and kits that include such 
compositions or components thereof. In particular, the present 
compositions include a polymer component such as a polox-
amer or PEG [polyethylene glycol] component and a phospho-
lipid component, such as a Phosal. The present compositions 
may include at least one additional component, such as gran-
ules, powder, and/or particulates. The present compositions 

may further include one or more bone graft materials and/or 
active ingredients. The compositions may be used on their own 
or incorporated on or in a surgical implant.

Bhalla, G., et al., Chevron Oronite Co. LLC, US8709984, April 
29, 2014

A lubricating oil composition is disclosed that comprises 
(i) a major amount of an oil of lubricating viscosity; (ii) one or 
more non-halogen-containing oil-soluble titanium complexes 
comprising at least one ligand comprising an anion of a carbox-
ylic acid; (iii) one or more dispersants; and (iv) one or more 
detergents, wherein the lubricating oil composition is free of 
any zinc dialkyldithiophosphate.

Hashim, K., et al., Sime Darby Research Sdn. Bhd., US8716505, 
May 6, 2014

The present invention discloses a commercial process for 
the production of refined palm oil rich in natural carotene. The 
process for the production of natural carotene-rich refined oil 
comprises the steps of: (i) fractionating crude palm oil to form 
a liquid fraction and a solid portion; (ii) separating the liquid 
fraction from the solid portion; (iii) degumming the liquid frac-
tion; (iv) neutralizing the degummed liquid fraction to substan-
tially remove free fatty acids and impurities; (v) washing off the 
soap resulting from the neutralization step; and (vi) deodoriz-
ing the neutralized the product of step (v) to remove remain-
ing free fatty acids and other impurities contained therein, thus 
forming a refined palm oil that contains less than 0.1% free fatty 
acid, has a carotene content retained of about 75%, an iodine 
value of less than 60, and a peroxide value of zero.

Gracia, J., et al., US8722413, May 13, 2014
An automated system and process for the titration of either 

waste vegetable oil (WVO) or virgin vegetable oil during its 
chemical conversion into biodiesel. A system capable of auto-
matically measuring and controlling the addition of a suitable 
amount of titration fluid is controlled in reaction to a pH level 
measurement tool, as determined by sensors and software. The 
process comprises forming a single phase solution of WVO and 
titrant in a ratio of between 10:1 to 50:1.
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