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There has been great interest in the nutri-
tion community for quite a while in the 
omega-3 fatty acids docosahexaenoic acid 
(C22:6n-3, DHA) and eicosapentaenoic 
acid (C20:5n-3, EPA) due to their promise 
of health benefits. These two fatty acids 
are the key components of fish oil used as 
dietary supplements or for food and bev-
erage fortification. DHA and arachidonic 
acid (C20:4n-6, ARA) are the two principal 
long-chain polyunsaturated fatty acid nutri-
ents added to infant formulas. These fatty 
acids support nervous system development 
from both a compositional and a functional 
standpoint. This article will focus mainly on 
the role of DHA in the brain.

BrAIN	DHA	CONteNt
It has been known since the pioneering work of O’Brien in 
the 1960s that DHA is highly concentrated in the brain (1). 
It is found mainly in phospholipids and within this lipid class, 
principally in phosphatidylethanolamine (PE) and phospha-
tidylserine (PS), much less so in phosphatidylcholine (Table 
1, page 8). In PE and PS, it has been estimated that 50–75% 
of the molecules contain DHA in the brain gray matter. There 
is very little DHA in brain neutral lipids, sphingomyelin, gly-
colipids, or in the nonesterified fatty acid form. Cellular and 
subcellular fractionation studies demonstrate that DHA is 
concentrated in most types of brain cells but at low levels in 
myelin. When present in a cell, it is generally found in most 
of the organelles within the cell and is not confined to the 
plasma membrane. In this respect it may be considered to be 
cell specific in its localization rather than organelle specific.

•	 DHA’s	presence	in	the	brain

•	 the	effects	of	depletion	and	repletion

•	 benefits	throughout	the	life	cycle		
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DHA	DeFICIeNCy	AND	repletION	
StuDIeS	
One of the key ways in which we know that a nutrient is 
important for physiological function is to deplete it from a 
particular organ and then determine whether there is a loss 
of function. Since the brain tenaciously retains DHA even 
in the face of starvation, it has proven difficult to substan-
tially deplete brain DHA from an adult mammal by dietary 
deprivation. An animal literature has accumulated over the 
past three decades or so in which all omega-3 fatty acids 
are removed from the diet of the mother and her offspring 
studied for functional deficits. A variety of functional deficits 
occur in the low-DHA brain as demonstrated by a variety of 
behavioral tasks including Y-maze performance, active avoid-
ance tasks and shock avoidance, brightness discrimination, 
olfactory discriminations, and spatial task acquisition (1). 
A variety of parameters related to visual function including 
electroretinographic assessment of amplitude and implicit 
times to visual stimuli as well as measures of visual acuity 

and recovery from dark adaptation are abnormal in the DHA-
deficient retina. In addition, a variety of changes in biochemical 
parameters in the brain have been noted including the bioac-
tive compounds neuroprotectin, BDNF (brain-derived neuro-
trophic factor), and NGF (nerve growth factor).

In one such study, rats were maintained for two genera-
tions on an omega-3-deficient diet and tested for their ability 
to make olfactory discriminations, a sensory modality in which 
rodents excel (2). Once the task had been acquired, the rein-
forced stimulus was reversed in order to test reversal learning. 
This was followed by a series of similar reversals to determine if 
the rats could acquire a learning set, i.e., a tendency to respond 
in a way that will produce a successful solution to a particular 
problem; that is, to make only one error and then to understand 
that the other aroma was the one now being reinforced. This 
type of learning had generally been ascribed only to primates 
as it represents a higher level of cognition. Catalan et al. (2) 
observed that rats fed omega-3 fatty acids and with adequate 
brain DHA could acquire a learning set if it was presented in 
the olfactory modality. However, animals with low brain DHA 
could not acquire the learning set even after 20 reversals. 

It may be questioned whether DHA was truly the sole 
nutrient responsible for the loss of neural functions in the 
omega-3 fatty acid deficiency. This question was addressed by 
creating the omega-3 deficiency and then studying the return of 
brain function when the nutrient was repleted through dietary 
supply. Moriguchi et al. (3) gave rats an omega-3-deficient diet 
for three generations, and then they were  allowed to recover 
their brain DHA to varying degrees in nine separate groups. 
Their performance then was assessed in the Morris water maze, 
a task related to spatial memory. The brain DHA-deficient 
rats performed poorly on the spatial memory task and took a 
longer time to find a platform in a pool of water. However, rat 
pups born DHA-deficient but who had been repleted starting 
at birth performed just as well as animals who had been main-

tained on an omega-3-containing diet. 
This dietary treatment was capable of 
restoring the brain DHA to “normal” 
levels. More generally, the performance 
on the behavioral task correlated with 
the level of DHA in the brain in the 
various groups repleted with omega-3 
fatty acids for varying lengths of time. 

Conversely, the performance 
was inversely correlated with the 
level of brain docosapentaenoic acid  
(22:5n-6, DPAn-6), the fatty acid 
that reciprocally replaces DHA when 
omega-3 fatty acid sources are not 
available in the diet (1) (Fig. 1). This 
experiment establishes conclusively 
that the deficit in brain function as 
measured by the Morris water maze 
was due to the loss of brain DHA and, 
moreover, that the effect was revers-
ible if the brain DHA was restored. 
A rather amazing specificity of the 
brain requirement for DHA was later 

tABle	1.	dHA content in various biological tissues (1).

FIG.	1.	dependence of spatial task performance on the Morris water maze on brain 
content of dHA and inverse relationship with dPAn-6 (3). 
.  
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established by the demonstration that  DPAn-6 feeding could 
not substitute for DHA in supporting spatial task performance. 

BeNeFItS	tHrOuGHOut	tHe	lIFe	
CyCle:	INFANtS,	CHIlDreN,	ADultS,	
AND	tHe	elDerly
There is now a large literature supporting the benefits of DHA 
for infant development, particularly in support of nervous 
system development. Hoffman et al. (4) recently reviewed this 
literature for term infants. They summarize several positive 
visual and cognitive outcomes in correlation with bloodstream 
DHA including developmental indices, speech perception, 
mental processing, visual acuity, and stereo-acuity (the ability 
to detect differences in distance using stereoscopic cues). 
Stronger evidence is gained in randomized, controlled trials 
of DHA generally tested together with ARA- vs. vegetable oil-
supplemented control infant formulas. Many of these same 
parameters relating to cognition and visual acuity have been 
shown to benefit by DHA/ARA supplementation. It is true 
that several studies have found a null effect of supplementa-
tion; this may be due to many factors including too low a dose 
of DHA, an excess of EPA which may antagonize ARA, absence 
of ARA, an underpowered study, or too much variability in the 
measurements made. Hoffman et al. also summarize some of 
the recommendations made by expert bodies where from 0.2 
to 0.5% of DHA and 0.2 to 0.7% of ARA have been advised for 
inclusion in infant formulas. Generally, ARA should exceed the 
DHA level. For example, in 1994 the FAO/WHO expert panel 
recommended 0.35% for DHA and 0.75% for ARA in term for-
mulas. For preterm infants, many of the same parameters show 
a benefit for DHA/ARA supplementation of the diet. The data 
are more uniform in support of a benefit for the preterm infants 
who are born at a less advanced stage of development when 
brain and retinal DHA is accumulating very rapidly during 
explosive growth.

Ryan et al. recently reviewed benefits of DHA for children 
(5). As for newborn infants, the literature indicates a role for 
continued intake of DHA in support of neurodevelopment 
from both epidemiological and interventional studies. For 
example, higher fish intake during pregnancy was associated 
with better verbal and combined IQ scores, better prosocial 
behavior, better visuospatial performance and better devel-
opmental scores in children. In interventional studies where 
the child is directly supplemented with DHA, increases in IQ 
scores, hand and eye coordination, verbal learning, vocabu-
lary scores, and in neural imaging measures of activation were 
observed. There were also several indications of a benefit for 
neurodevelopment for children with phenylketonuria. In a 
very recent large, randomized, controlled trial of 362 normal 
7–9-year-old children, Richardson et al. demonstrated a benefit 
for reading scores of children in the lowest quintile as well as a 
benefit for several parent-rated behaviors (6). These are clearly 
important benefits to both parents and their children.

In adults, there are unequivocal benefits for increased 
long-chain omega-3 fatty acid intakes for one of the biggest 
killers—cardiovascular disease (CVD). Many epidemio-
logical studies have shown an association of fish eating with 

lower incidence of CVD and its various measures. In addition, 
support for a cardiovascular benefit is obtained from in vitro 
and mechanistic studies (7). Both EPA and DHA exert power-
ful effects that affect CVD risk factors including serum triglyc-
erides lowering, cardiac diastolic filling, arterial compliance (a 
measure of an artery’s tendency to resist recoiling toward its 
original dimensions after a distending or compressing force 
has been removed), or lower levels of inflammatory media-
tors such as cytokines, reduced platelet aggregation, lower 
blood pressure, lower heart rate, and an increase in both low 
density lipoprotein and high density lipoprotein particle size 
(7). These omega-3 fatty acids are associated with lower risk 
of fatal cardiac events and lower risk of atrial fibrillation, sug-
gesting effects for cardiac arrhythmias. In addition in a large, 
randomized, controlled trial of 485 older adults DHA provided 
a benefit for episodic memory and verbal recognition memory-
related tasks (8). 

A recent meta-analysis, which attempted to statistically 
combine the results of 20 large clinical studies, purported 
to deny the benefit of omega-3 fatty acids for cardiovascular 
disease (9). It is unfortunate that the authors overinterpreted 
the significance of their results and lack of findings. In fact, 
their evidence would have demonstrated a positive effect of 
omega-3 on cardiovascular disease outcomes had they not used 
a threshold for statistical significance of p < 0.0063. Many have 

News	about	a	teenager	who	had	made	a	remarkable	
recovery	from	a	serious	brain	injury	after	being	given	
intravenous	doses	of	fish	oil	made	the	rounds	in	Octo-
ber	2012.	CNN.com	was	the	first	media	outlet	to	report	
on	this	unusual	case.	

In	March	2010,	17-year-old	Bobby	Ghassemi	was	in	a	
car	crash	that	severely	damaged	his	brain.	He	suffered	a	
coma,	and	part	of	his	skull	had	to	be	removed	to	alleviate	
pressure	from	injury-related	fluid	buildup.	ten	days	later,	
the	teenager	was	still	in	a	coma,	and	there	was	no	way	
to	know	when,	how	much,	or	even	if	he	would	recover.	

In	desperation,	his	father	tracked	down	a	uS	
Army	colonel	who	had	been	researching	the	effect	of		
omega-3s	on	suicide	in	soldiers.	At	the	colonel’s	sug-
gestion,	the	teen’s	parents	urged	the	doctors	to	give	
their	son	nutritional	doses	of	fish	oil.	two	weeks	after	
receiving	the	fish	oil,	Bobby	exhibited	signs	that	he	was	
emerging	from	his	coma.	Four	weeks	later,	he	was	mov-
ing	his	hands	and	leg.	three	months	after	his	accident	
he	was	well	enough	to	attend	his	high	school	gradua-
tion,	and	in	August	2012,	his	doctors	published	a	paper	
about	the	case	in	The American Journal of Emergency 
Medicine.	More	details	can	be	found	at	http://www.cnn.
com/2012/10/19/health/fish-oil-brain-injuries/index.
html?hpt=hp_bn12.	

Can fish oil heal severe 
brain injuries?

COnTInuEd On nExT PAgE
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noted that meta-analyses have a low sensitivity to detect sig-
nificant effects owing to differences in many important vari-
ables between studies to be “averaged.” This particular study 
also had the shortcomings that the patients had already been 
treated with the modern standard of care and the many drugs 
entailed in that care, so it is very difficult to detect the ben-
efits of a dietary supplement that may, after all, be most effi-
cacious in the prevention of that disease. Greater dosages of 
long-chain omega-3 fatty acids and longer trials are also more 
conducive to observing supplement benefits for those who 
already have CVD, and such criteria were not employed in 
the Rizos et al. study. It is unfortunate that the authors did 
not understand the limitations of their study and provided 
the public with advice that conflicts with that of the most 
prominent expert bodies who recommend EPA/DHA intake 
for CVD patients (7). 

OMeGA-3	FAtty	ACID	MetABOlISM	
IN	ANIMAlS	AND	HuMANS

If DHA is essential to support brain function, then where will 
we get it from? Clearly it can be consumed in the diet pre-
formed in rich sources such as fish, as supplements, fortified 

foods, and perhaps organ meats. The question that is often 
asked, though, is: To what extent can the C18 and C20 omega-3 
fatty acid precursors to DHA support organ DHA content via in 
vivo metabolism? It has long been appreciated that rodents can 

perform this type of metabolism to a greater 
extent than can higher mammals including 
primates and humans. There have been two 
recent whole-body studies of α-linolenic acid  
(18:3n-3, ALA) metabolism in rodents. Lin 
and Salem studied the incorporation of a single 
dose of stable isotope-labeled ALA as well as 
similarly labeled linoleic acid (18:2n-6, LA) 
into 25 rat tissues either intact or as one of the 
omega-3 or omega-6 fatty acid metabolites, 
respectively, over a period of 25 days (10). 
They observed that about 78% of both labels 
were catabolized; 16–18% was incorporated 
as the C18 precursor into tissues, principally 
adipose, skin and muscle; and only 2.6% (LA) 
and 6% (ALA) were converted into C20 and C22 
metabolites. In the rat, most of the LA metabo-
lites were found in the ARA fraction and most 

of the ALA metabolites were represented by DHA. Labeled 
ARA accumulated in the liver and other internal organs. The 
labeled DHA accumulated mainly in the liver, brain, heart, and 
kidney over time. 

DeMar and colleagues studied rat pups fed ALA or ALA + 
DHA during rapid development between 8 and 28 days of age 
(11). They compared stable isotope ALA metabolism in many 
tissues in both dietary situations, effectively dividing up the 
whole body. In the base diet, animals were fed no omega-3 fatty 
acids except for 1 wt% of deuterated ALA so that all metabolites 
formed via in vivo metabolism would then be labeled with deu-
terium and could be selectively measured by mass spectrom-
etry. A second group was similarly treated except that 2 wt% of 
(unlabeled) DHA was added to the diet. When this preformed 
DHA was incorporated into tissues, it would be measured as 
unlabeled DHA. The results showed that about 90% of all organ 
DHA was simply incorporated from the preformed DHA and 
only about 10% of the DHA had been metabolized from ALA 
(Table 2). Thus, even in the rat with its greater capacity for 
essential fatty acid metabolism, preformed DHA provides the 
predominant pool of this nutrient while ALA metabolism is 
perhaps a backup system that may be used in times of limited 
dietary supply of DHA.

The study indicates that about 90% of all organ DHA in 
the rat is derived from preformed DHA when it is available 
in the diet. It is also of critical importance to note how the 
developing rats fed ALA as their only omega-3 source failed to 

tABle	2. The origin of organ and tissue dHA in the rat: metabolism of ALA 
vs. incorporation of preformed dHA (11)
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Animal studies of DHA deficiency in the brain and retina have 
demonstrated that DHA is an essential nutrient and that a 

variety of losses in function occur when its level drops. 
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accumulate any whole-body DHA whereas the DHA-fed pups 
had a 10-fold increase in whole-body DHA. What was observed 
in the former group fed only ALA was that a few organs accu-
mulated DHA at the expense of many other organs (11).

Human beings are also capable of complete conversion of 
ALA to DHA in vivo; this has been demonstrated using stable 
isotope labels and sensitive mass spectrometric measurements 
in premature and term infants and in adult males and females 
on various diets as well as during aging, and in smokers and 
alcoholics (12). The International Society for the Study of Fatty 
Acids and Lipids has published a scientific statement concern-
ing human ALA metabolism (12). This panel of international 
experts concluded that ALA metabolism to DHA occurs in 
humans of all ages but is very limited; metabolism of ALA to 
EPA and DPAn-3 is of a somewhat greater magnitude but still 
relatively ineffective compared to consumption of preformed 
long-chain omega-3 fatty acids. Consumption of preformed 
DHA is necessary to support higher levels of organ and blood-
stream DHA.

CONCluSIONS
DHA is highly concentrated in nervous system tissues mainly 
in amino-phospholipids where it is found in most types of brain 
cells but not in myelin. Animal studies of DHA deficiency in 
the brain and retina have demonstrated that DHA is an essen-
tial nutrient and that a variety of losses in function occur when 

its level drops. Dietary supplementation in infants leads to 
benefits throughout life for brain development, in children for 
reading and behavior, in adults for cardiovascular health, and 
during aging for memory and executive function maintenance. 
Animal studies indicate that about 90% of organ DHA origi-
nates from preformed DHA incorporation when this nutrient 
is present in the diet and only 10% from in vivo ALA metabo-
lism. Human beings appear to have minimal capacity for in vivo 
ALA conversion although DHA formation is detectable when 
highly sensitive stable isotope/mass spectrometric assays are 
used. Human organ and blood stream DHA content is best sup-
ported by preformed DHA.

20–23 August 2013
Sheraton Santiago Hotel and Convention Center

SANTIAGO, CHILE

Organized by

The congress program will cover important and timely topics in the fats 
and oils industries to enhance attendees’ business knowledge of today’s 
market. An exhibition, posters, and many networking events also will be a 
part of the congress. 

Dates to Remember
18 March 2013  Registration and Housing Open
17 May 2013  Early Registration Deadline 
5 July 2013  Housing Reservation Deadline
19 July 2013  Last Day to Pre-Register

Exhibition and sponsorship opportunities are still available! 
For details contact Elizabeth Barrett: 
ebarrett@townsend-group.com
Phone: +1 301-215-6710 x 114

LACongress.aocs.org

Simultaneous interpretation for 
Spanish/English will be provided.

Norman Salem, Jr. has spent his entire research career 
working on essential fatty acids, focusing upon DHA—
the first 30 years with the Intramural Research Program 
of the US National Institutes of Health and the past five 
years with DSM Nutritional Products (Columbia, Mary-
land, USA) where he is now the Corporate Scientist for 
Nutritional Lipids. He has published about 250 research 
papers and chapters and was the recipient of the 2002 
Nicholas Pelick/AOCS Award and the 2010 Alexander 
Leaf Lifetime Achievement Award from the International 
Society for the Study of Fatty Acids & Lipids (ISSFAL). He 
can be contacted at norman.salem@dsm.com.
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supporting 
international 
standards

Trade standards improve efficiency of pro-
duction and ease international commerce. 
They can also affect profitability. A case 
in point: One small change to the AOCS 
protein determination methods has main-
tained revenue for the soy protein ingre-
dient and feed industries; that revenue 
represents more than two billion dollars 
since 2010. 

Nicolas Deak, platform lead at Solae, the DuPont-owned 
soy ingredients company based in St. Louis, Missouri, USA, 
takes up the story.

“Solae heard in 2009 that the Chinese government had pro-
posed a change to its regulatory standard for measuring protein 
content in several foods, including soy,” Deak explains. Specifi-
cally, China planned to lower the nitrogen-to-protein conversion 
factor used to calculate protein content in soy from the globally 
recognized conversion factor of 6.25 to 5.71. The proposal was 
based on the presence of the 5.71 conversion factor in a table 
appended to several AOCS protein determination methods. 

In brief, the 5.71 conversion factor came from research—
since disproved—that was published in 1931 and memorial-
ized in the AOCS methods. Using the lower factor, however, 
results in a 9.2% reduction in the calculated protein content of 
soy products and a corresponding reduction in revenue for the 
soy ingredients and feed industries.

Deak and Solae led the effort to build an industrywide 
coalition within AOCS to standardize trade policy and regu-
lations in order to maintain 6.25 as the nitrogen-to-protein 

•	 AOCS	has	worked	since	its	founding	in	1909	
to	develop	methods	and	standards	on	behalf	
of	the	oils	and	fats	community.

•	 today’s	global	marketplace	makes	interna-
tional	standards	critical	to	the	smooth	flow	of	
trade.

•	 International	standards	increase	efficiency	
and	 minimize	 waste,	 expense,	 and	 unneces-
sary	effort.

AOCS:	

Catherine	Watkins

ISO headquarters in geneva, 
Switzerland. Courtesy of ISO.
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conversion factor for soy. AOCS convened an expert panel under 
the aegis of the AOCS Uniform Methods Committee (UMC) in 
March 2010. The panel—with representatives from academia, 
government, and industry—agreed that the table should be 
removed from AOCS methods. The UMC reviewed the panel’s 
recommendation at the AOCS Annual Meeting & Expo in May 
2010. A motion to remove the table was put forth and approved. 
In the end, China changed the conversion factor back to 6.25 for 
highly refined soy proteins but not for meal.

The importance of standards and methods—and labora-
tory proficiency—to a company’s bottom line is echoed by John 
Hancock, technical manager of London-based FOSFA Interna-
tional (Federation of Oils, Seeds and Fats Associations).

“It is sometimes difficult for analytical chemists to have a 
feel for the impact of their results,” he noted. “For example, the 
oil content of seeds is an important parameter as it is often this 
that determines the contract price of the commodity.

“The precision data for ISO 659:2009 Oilseeds—Determi-
nation of Oil Content give a repeatability limit for sunflowerseeds 
of about 0.4,” Hancock continued. “Thus, the same technician 
with the same equipment running the same test on the same 
sample within a short interval of time will not get a bigger dif-
ference between two results of more than 0.4% in more than 5% 
of cases. But with sunflowerseeds at about $600/metric ton [in 
July 2012], for a consignment of 15,000 metric tons, this 0.4% is 
equivalent to $36,000.”

MetHOD	DevelOpMeNt	AND	
vAlIDAtION
The soy protein case study illustrates how AOCS members 
and their needs shape the organization’s work on standards 
and methods. Another example that traces how and why new 
methods are developed concerns glycidyl esters (GE) in foods.

GE are process contaminants generated during the process-
ing of edible oils, most probably during deodorization. Many 
questions remain regarding their toxicity, formation, detection, 
and mitigation. Indirect methods developed to characterize GE 
and related process contaminants returned inconsistent results; 
clearly, a direct method was needed.

Development of a validated direct method, however, 
became critical once the German risk assessment agency, Bf R 
(Bundesinstitut für Risikobewertung), named GE as a possi-
ble safety risk in March 2009. That was followed in September 
2009 by the removal by Japan’s Kao Corp.—as a precautionary 
measure—of its diacylglycerol oils and related products from the 
market in both Japan and the United States because of the pres-
ence of GE in them.

Although glycidol (2,3-epoxy-1-propanol) is listed as “prob-
ably carcinogenic to humans” by the International Agency for 
Research on Cancer (IARC), no data exist on the metabolic fate 
of GE in the human gut. Therefore, IARC has classified GE as 
“not classifiable as to carcinogenicity to humans.”

It was in the midst of all these swirling questions that AOCS 
established an Expert Panel on Process Contaminants in Decem-
ber 2009. Slightly more than two years later, in May 2012, AOCS 
and the Japan Oil Chemists’ Society ( JOCS) released the first 

validated direct method for GE in edible oils, AOCS/JOCS Offi-
cial Method Cd 28-10. The method marked the first analytical 
collaboration between the two organizations.

The joint method determines glycidyl fatty acid esters in 
edible oils using two solid-phase extraction steps and liquid chro-
matography–mass spectrometry. The method was tested through 
two pre-studies and a full collaborative study that consisted of 
nine blind-duplicate samples and included participation from 
laboratories in Canada, China, France, Germany, Japan, Malaysia, 
the United Kingdom, and the United States. The results were sta-
tistically analyzed according to the AOAC-IUPAC Harmonized 
Protocol (AOCS M 1-92 and M 4-86).

IN	tHe	BeGINNING
AOCS was created in 1909 by nine cottonseed oil analysts who 
recognized the need for industry standards, methods, and labo-
ratory proficiency in support of oil trade. The first book of official 
methods appeared in 1928 and was small enough to fit in an oil 
analyst’s back pocket. The sixth edition, which was published in 
2009, weighs more than 5.5 kilograms and can serve as a stand-
in for weight-training equipment if need be. (This may be one 
reason many companies opt for an e-access subscription.)

The first AOCS method, as described in George Willhite’s 
history of AOCS (Inform 19:307–312, 2008), was less than 
precise. One sentence reportedly read: “The proper amount of 
lye of the desired strength is then added and the mixture stirred 
vigorously for five minutes.” 

The importance of word choice and word order in method 
development cannot be overemphasized, as FOSFA’s John 
Hancock notes: “Some chemical methods of analysis used to say, 
for example, ‘weigh accurately approximately 10g of the sample.’ 
This seems to be a contradiction and could be confusing. Thus, it 
was replaced with: ‘Weigh, to the nearest 0.001 g, approximately 
10 g of the sample.’ This is much clearer and indicates exactly 
what is required.”

What began as a largely regional, one-industry effort in the 
United States to develop and promote oils and fats standards is 

StANDArDS	DevelOpM
eNt

Scientific	standards	should	be	objective,	but	on	occasion	
they	can	also	be	highly	personal.	According	to	www.
dimensions.com,	Daniel	Fahrenheit,	the	inventor	of	
the	first	modern	thermometer,	based	his	temperature	
scale	on	three	reference	points.	An	article	he	wrote	
in	1724	details	his	standard-setting	process.	He	used	
a	mixture	of	ice,	salt,	ammonium	chloride,	and	water	
for	the	zero	point,	or	0°F.	the	melting	or	freezing	point	
was	set	at	32°F,	using	a	mixture	of	ice	and	water.	the	
third	point,	96°F,	was	set	by	holding	the	thermometer	
under	the	armpit	of	his	wife.	

Scientific standards 
are the pits

COnTInuEd On nExT PAgE
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now a global enterprise as AOCS participates in 
an alphabet soup of global, national, and regional 
standards-development organizations, seeking 
always to further the interests of its members, 
member companies, and constituents. Primary 
among the international groups are the Interna-
tional Organization for Standardization (ISO) 
and the Codex Alimentarius Commission. 

Because AOCS has its headquarters in the 
United States, it also participates in US-based 
standard-setting organizations such as ASTM 
International (most notably on biodiesel stan-
dards) as well as the American National Stan-
dards Institute (ANSI), which is the dues-paying 
National Member Body representing the United 
States within ISO. AOCS also works on harmo-
nization of standards with the American Associ-
ation of Cereal Chemists International (AACC 
International) and American Organization of 
Analytical Chemists International (AOAC 
International).

INterNAtIONAl	StANDArDS	
HArMONIzAtION
International standards are voluntary and are 
developed by consensus, which explains why 
development sometimes seems to proceed at 
glacial speed. Soliciting the views of all interested 
parties, including manufacturers, vendors and 
users, consumer groups, testing laboratories, gov-
ernments, professionals, and research organiza-
tions takes time. The fact that divergent interests 
make compromise at worst difficult and at best 
slow adds to the challenge.

Participation in the development of stan-
dards—whether national or international—pro-
vides organizations with access to all versions of 
standards under development. Involvement also 
gives early warning about future industry and 
regulatory changes—and a chance to influence 
the scope and nature of those changes. 

ISO. The International Organization for 
Standardization (ISO, from isos, or “equal,” in 
Greek; Geneva, Switzerland) is a network of 
national standards institutes (known as National 
Standards Bodies, or NSB) from more than 160 
countries. In consultation with all stakeholders, 
ISO sets voluntary international standards on 
everything from best management practices to 
food safety. Around 1,000 of the current total 
of about 19,000 ISO standards deal with food.

The bulk of the work done by ISO is con-
ducted by its roughly 2,700 technical com-
mittees, subcommittees, and working groups. 
Each technical committee and subcommittee is 
headed by a Secretariat from an NSB. 

The NSB choose whether to be a partici-
pating, or voting, member (P-member) of a 

ISO	entity AOCS’	responsibilities

ISO/TC 34: Food products Administers	uS	position/tAG	&	
WG

ISO/TC 34 Working Groups (WG)

WG	4:	Cocoa Administers	uS	position;	
coordinates	experts

WG	12:	Application	of	ISO	9001:	
2000	in	agriculture

Acts	as	convener

WG	14:	vitamins,	carotenoids	and	
other	nutrients

Administers	uS	position;	
coordinates	experts

WG	15:	Nutrition	and	dietetics	
services

Administers	uS	position

uS	tAG	expert	Group	on	
Sustainability

Will	administer	uS	positiona

Advisory	Group	to	deal	with	
collaborative	studies	for	analytical	
standards

Will	administer	uS	positiona

ISO/TC 34/SC 2: 
Oleaginous seeds and fruits 
and oilseed meals

Administers	uS	position/tAG	&	
WG;	AOCS	in	liaison

WG	1:	Harmonization	with	GAFtA Coordinates	experts

WG	2:	revision	of	ISO	542	
Oilseeds	Sampling

Coordinates	experts

ISO/TC 34/SC 4: Cereals and pulses AOCS	in	liaison

ISO/TC 34/SC 11: 
Animal and vegetable fats and oils

Administers	uS	position/tAG	
&WG;	AOCS	in	liaison

ISO/TC 34/SC 16: 
Horizontal methods for molecular 
biomarker analysis 

Administers	uS	position/tAG	&	
WG;	AOCS	in	liaison	and	holds	
secretariat

WG	3:	varietal	identification Coordinates	experts

WG	4:	plant	pathogens Coordinates	experts

WG	5:	Qualitative	methods Serves	as	uS	tAG	project	leader/	
coordinates	experts

ISO/TC 34/SC 17: 
Management systems for food safety 

Administers	uS	position/tAG	
&WG;	AOCS	in	liaison

WG	4:	Joint	ISO/tC	34/SC	17–ISO/
tC	234	WG	on	aquaculture	

Coordinates	experts

WG	5:	Food	packaging	
manufacturing

WG	6:	transport	and	storage Coordinates	experts

WG	7:	Guidance	on	the	application	
of	ISO	22000

Coordinates	experts

ano experts identified yet.

tABle	1. AOCS participation in ISO by the numbers
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particular committee or working group or an observing member 
(O-member). P-members participate actively in the work and 
must vote on all questions submitted to vote within the commit-
tee. O-members can only observe but can make comments about 
documents in development. 

As the US member of ISO, ANSI accredits US Technical 
Advisory Groups (TAG). These groups develop and transmit, 
via ANSI, US positions on activities and ballots of the techni-
cal committees, subcommittees, and policy committees. These 
technical issues include the approval, reaffirmation, revision, and 
withdrawal of ISO standards. 

ISO’s Technical Committee 34 (TC 34) on Food Prod-
ucts sets standards for human and animal food and feed as well 
as animal and vegetable propagation materials. The committee 
handles work on standards for everything from terminology, to 
sampling, to methods of testing and analysis, to product spec-
ifications, and even requirements for packaging, storage, and 
transportation. 

AOCS coordinates the work of TC 34’s US TAG, including 
some projects (such as Working Group 12 on the application of 
ISO 9001:2000 quality management systems in agriculture) not 
directly related to fats and oils. Even though AOCS is an interna-
tional organization, because it is physically located in the United 
States, it must work on behalf of its members and constituents 
through the US TAG, counseling ANSI—based on input from 
participating experts—how to vote on issues related to fats and 
oils. AOCS members from other countries interested in standards 

development should work as experts with their own countries’ 
ISO member bodies.

It is important to note that corporate and individual mem-
bership revenue does not subsidize AOCS’ work on interna-
tionals standards. Rather, participation fees paid by the TAG 
participants, as well as corporate donations, cover all indirect and 
most direct expenses.

TC 34 has 14 subcommittees. As shown in Table 1, AOCS 
administers the US TAG for Subcommittee (SC) 2 (Oleaginous 
seeds and fruits), SC 11 (Animal and vegetable fats and oils), 
SC 16 (Horizontal methods for molecular biomarker analysis), 
and SC 17 (Food safety management systems) and most of their 
Working Groups (WG). 

Some international and regional organizations also make 
active contributions to the development of ISO standards as rec-
ognized liaisons to TC, SC, and WG. As such, they can submit 
comments and suggest work items but cannot vote. For example, 
organizations operating in the liaison capacity with SC 2 (Ole-
aginous seeds and fruits and oilseed meals) range from standards 
development organizations such as AOAC International and 
AOCS to implementers of standards such as the World Customs 
Organization. Liaisons apply to participate and are accepted by 
vote of the P-members. In addition to coordinating the US TAG 
and communicating its positions to ANSI, AOCS can also rep-
resent its global membership through its liaison activities. AOCS 

Another quality meeting organized by  www.aocs.org/upcomingmeetings

Look to AOCS to help you achieve, maintain, and promote peak levels of accuracy and performance in your lab!
Analytical Showcase—reserve your bench space today, contact ConnieH@aocs.org.

2013 AOCS Technical Services 
Workshop: Laboratory Methods 
July 16–17, 2013 
FFA Enrichment Center, Des Moines Area Community College, Ankeny, IA
Organizer: Edward F. Askew, PhD, Askew Scientifi c Consulting 

This inaugural AOCS Technical Services workshop includes educational sessions 
designed for lab technicians. An opening reception and two networking breaks will 
provide participants with an opportunity to reconnect with colleagues or meet new 
contacts. 
 
Technical program topics include:
Regulatory updates ● Method troubleshooting for food, feed, and biofuel
Quality control and accreditation needs/requirements ● Emerging  pollutants
Publishing methods with AOCS

Save the Date!
Registration opens 

in February.

StANDArDS	DevelOpM
eNt

COnTInuEd On PAgE 42
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Omega-3 market
Global consumer spending on EPA/DHA-
fortified products will jump from $25.4 
billion in 2011 to $34.7 billion in 2016, for a 
compound annual growth rate of 6.4%. 

Those statistics on the market for the 
long-chain polyunsaturated fatt y acids found 
in coldwater fatt y fi sh such as tuna and sar-
dines come from a new report, The Global 
Market for EPA/DHA Omega-3 Products, 
from Packaged Facts. Packaged Facts is a 
market research firm based in Rockville, 
Maryland, USA.

By geographic region, North America 
currently accounts for 43% of consumer sales, 
but Asia-Pacifi c is projected to jump to a close 
second-place position by 2016.

Th ese fi gures, based on research commis-
sioned by the Global Organization for EPA 
and DHA Omega-3 (GOED; a trade asso-
ciation based in Salt Lake City, Utah, USA), 
cover six categories of packaged consumer 
products: infant formula; fortifi ed foods and 
beverages; nutritional supplements; pharma-
ceuticals; clinical nutrition products; and pet 
food, treats and supplements.

Expanding public awareness of health 
benefits from consumption of eicosapen-
taenoic acid (EPA) and docosahexaenoic 

acid (DHA) will spur continued growth in 
the global market for EPA/DHA omega-3 
products. 

According to David Sprinkle, publisher 
of Packaged Facts, other factors that will 
continue to create a growth environment for 
EPA/DHA omega-3 products include:

n Consumer interest in functional 
food and fortifi ed product line expansions; 

n Increasing demand for for t i-
fied infant formula owing to population 
growth and a rising middle class in emerging 
economies; 

n Continued popularity of EPA/
DHA omega-3 nutritional supplement prod-
ucts, including krill oil and vegetarian algae-
based supplements; 

n Introduction of pharmaceutical-
grade products into South America and 
approval of generic pharmaceuticals in exist-
ing markets; 

n Expansion of clinical nutrition 
market opportunities for disease- and dis-
order-specifi c formula applications, created 
through additional R&D and aggressive mar-
keting by ingredient suppliers; and 

n Production of premium pet foods 
for companion animals.

as part of the canadian Food inspecti on 
agency’s (cFia) routi ne testi ng of var-
ious food products, a study released in 
october 2012 found that all vegetable 
oils and cheeses that cFia had tested 
for dioxins and dioxin-like compounds 
were safe. dioxins and dioxin-like com-
pounds are a group of chemicals with 
similar biological and chemical proper-
ti es. they have been associated with a 
wide range of human illnesses, includ-
ing certain types of cancers. the full 
report is available at http://inspec-
ti on.gc.ca.

nnn

canada has entered into the trans 
pacific partnership (tpp), a trade 
agreement being negotiated by 11 
countries, including canada, Mexico, 
australia, Brunei, chile, Malaysia, new 
Zealand, peru, Singapore, the united 
States, and Vietnam. “the tpp includes 
several countries with a strong inter-
est in the effi  cient trade of canola and 
other agricultural products,” com-
mented patti   Miller, president of the 
canola council of canada. 

nnn

cargill will build a “world scale” canola 
refi nery at its canola processing facility 
in clavet, Saskatchewan, the company 
recently announced. the refi nery is 
expected to be completed in ti me for 
the 2014–2015 canola harvest. the cla-
vet canola crush facility was fi rst built 
in 1996 and later expanded in 2009. 
it currently is the largest canola pro-
cessing facility in canada, the company 
said, and is capable of processing 1.5 
million metric tons of oilseed per year.

nnn

in october 2012, archer daniels Mid-
land co. received the Best Beverage 
ingredient concept prize for its iso-
lated soy protein line cLaRiSoY® at 
the 2012 interBev awards ceremony 
in Las Vegas, nevada, uSa. the inter-
Bev awards, organized by FoodBev 
Media Ltd., are presented biennially 
at the interBev tradeshow.

nnn

Bronze aocS corporate Member aK 
Biotech co. Ltd. in ulsan, South Korea, 
has changed its name to aK & Mn Bio-
Farm co. Ltd. the company can be 
reached by phone: +82 522594500; 
fax: +82 522594560; email: akbio10@
gmail.com. n

inform   January 2013, Vol. 24 (1)   •   17BRIEFS

News & Noteworthy

continued on next page



18   •   inform   January 2013, Vol. 24 (1)

Cargill to expand 
dielectric fluids 
business
Cargill announced in October 2012 that 
it will expand its line of ester fluids across 
Europe by mid-2013. 

The company said it will add manu-
facturing capacity to support its recently 
acquired brand of Envirotemp™ dielectric 
fluids. This portfolio of esters meets the speci-
fications of a wide range of transformer appli-
cations, according to Cargill.

To support the expansion, Cargill will 
build a new facility or expand one of its 
current facilities in Western Europe. A site 
selection process is under way and a deci-
sion was expected by January 2013. “Cargill 
intends to complete similar efforts around the 
world to satisfy its global customers’ ongoing 
and increasing demand for cost-effective, 
innovative dielectric fluid solutions,” the 
company said in a statement.   

Cargill purchased the global Enviro-
temp FR3 dielectric fluid brands and licensed 
the applicable patents from Cooper Power 
Systems in June 2012. Cargill’s Industrial 
Oils & Lubricants (IOL) business unit man-
ufactures the FR3 fluid and other specialty 
K-class ester fluids used in a wide range of 

transformers and other electrical applica-
tions. FR3 fluid is currently installed in over 
500,000 transformers on six continents, 
Cargill noted. The IOL unit has manufactured 
FR3 fluid since 2004.

DGF approves 
virgin rapeseed 
sensory panels
After two years of training, the German 
Society for Fat Science (Deutsche Gesell-
schaft für Fettwissenschaft, or DGF) has 
approved two panels of experts in the north 
and south of the country that will conduct 
sensory evaluations of virgin rapeseed oil 
using DGF methodology. 

The program is aimed not only at evalu-
ating quality in the marketplace but also at 
helping producers to strengthen their quality 
assurance efforts. 

“The DGF sensory method is not only 
an instrument to do sensorial quality descrip-
tion, but also the basis for the DGF-Rapeseed 
oil medal (see www.dgfett.de/rapsoelmedai-
lle),” Euro Fed Lipid noted. 

The northern panel is located at the 
KIN Food Institute in Neumünster, while the 
southern panel is hosted by muva [a labora-
tory center offering analytics] in Kempten. 

ADM/Wilmar 
partnership 
made final
Archer Daniels Midland Co. (ADM; Decatur, 
Illinois, USA) and Wilmar International Ltd. 
(Singapore) announced in October 2012 
that they have completed regulatory approv-
als for their partnerships in global fertilizer 
and European vegetable oil. The two compa-
nies have also launched their partnership in 
global ocean freight.

Through the three partnerships, which 
will be based in Rolle, Switzerland, ADM and 
Wilmar will collaborate on purchasing and 
distribution in the global fertilizer business; 
partner in the sale and marketing of vegetable 
oils and fats in Europe; and work together to 
improve the utilization and management of 
their oceangoing fleets, with each company 
initially contributing two ships to the effort.

Collaboration between ADM and 
Wilmar began in the mid-1990s, when they 
jointly built a network of soybean process-
ing operations in China. Today, ADM owns 
a 16% equity stake in Wilmar. 

EC publishes list of 
authorized flavorings
The European Commission (EC) has pub-
lished its list of flavoring substances autho-
rized for use in foods. 

Effective October 22, 2012, Regulation 
EU 872/2012 provides a roster of more than 
2,500 substances evaluated by the European 
Food Safety Authority (EFSA) and deemed 
safe for human food uses, while Regulation 
EU 873/2012 establishes transitional mea-
sures for other flavorings, such as those made 
from nonfood sources, that are still under 
review. Flavoring substances not found on the 
list “will be banned after an 18-months phas-
ing-out period,” the EC noted in a statement. 

To prepare the new regulations, EFSA’s 
Scientific Panel on Food Contact Materials, 
Enzymes, Flavorings and Processing Aids 
(the CEF Panel) initially considered approx-
imately 2,800 substances already on the EU 
market as well as 197 additions. Although 
the majority of substances reportedly did 
not present safety concerns, the CEF Panel 
recommended removing seven substances 
from commerce and asked for further data 
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Responsible soy comes to China
two large soybean farms in china will begin working with the non-
governmental organization Solidaridad toward producing the 
fi rst responsibly produced soybeans in china. Solidaridad focuses 
on creating fair and sustainable supply chains and is based in 
utrecht, netherlands.

calling the agreement a “breakthrough,” Solidaridad noted that 
china is the single largest consumer and importer of soybeans as 
well as the fourth-largest producer. “in a country where nongovern-
mental organizati ons have litt le infl uence, achieving higher benefi ts 
for farmers with reduced environmental impact is challenging,” the 
group said in a statement. “Bringing two large farms . . . under the 
rules of the internati onal standard for responsible soy [as devel-
oped by the Round table for Responsible Soy, or RtRS] is unique.”

the project will begin with the Sinograin north and nenjiang 
farms in Heilongjiang province. these farms cover a total area of 
50,000 hectares and employ 3,000 workers. 

these large farms already have support programs for regional 
smallholder farmers, Solidaridad said. the next step is for smallhold-
ers to use the RtRS standard. there are 28,000 smallholders in the 
area with average land ownership of 0.4 hectares, Solidaridad noted.

By 2015, the program is expected to result in:
n a 10% reducti on in costs owing to lower input of herbi-

cide and ferti lizers,
n a bett er market price as a result of the introducti on of 

bett er soybean varieti es and meal with higher levels of protein,
n a 10% increase in revenue per farm as a consequence of 

higher crop quality, and
n a 20% growth in income for local smallholders.
gert van der Bijl, internati onal program manager for soy at Soli-

daridad, hopes the new program is just a fi rst step for the chinese 
market: “if we can show that the Solidaridad approach and work-
ing with RtRS improves the livelihood of farmers and reduces the 
environmental impact, we hope that we can do more and expand 
our acti viti es to support soy farmers on the chinese market.”

What’s in a word?
“i’m beginning to hate the word ‘sustainability,’” unilever’s chief 
sustainability offi  cer, gail Klintworth, recently told businessgreen.

com. She conti nued: “everybody has a diff erent view of what that 
word means and it’s very clear that even the word ‘green’ is poten-
ti ally a problem. people really pigeonhole discussions around one 
parti cular issue and the broader interrelati onships between all the 
factors that determine sustainable growth get missed. You spend 
far too long explaining what you’re talking about because everyone 
has their own interpretati on of what that word means.”

Wal-Mart ups the ante
Wal-Mart Stores, inc. announced a new series of sustainability ini-
ti ati ves at an event in Beijing in late october 2012. 

the world’s largest retailer pledged that by the end of 2017, 
it will buy 70% of the goods it sells in its uS stores and Sam’s club 
outlets only from suppliers who use the company’s Sustainability 
index to evaluate and share the sustainability indices of their prod-
ucts. Beginning in 2013, Walmart will use the index to “infl uence 
the design of its uS private label products,” the company said in 
a statement. 

Further, the Walmart Foundati on will grant $2 million to fund 
the Sustainability consorti um (tSc; an independent research con-
sorti um) and assist in its eff orts in introducing tSc in china.

Sustainable chocolate
“creati ng a sustainable [cacao] sector that can meet the chocolate 
industry’s long-term demand for cocoa, the essenti al raw material 
for chocolate, while providing economic opportuniti es to cacao 
farmers will require billions of dollars in agricultural investments 
across research, third-party certi fi cati on, and technology trans-
fer to farmers,” according to chocolate manufacturer Mars, inc.

earlier this year, the company announced that it had met its 
2011 goal of purchasing 10% of its total cocoa supply as certi fi ed 
sustainable, and in 2012 it will exceed its original target of 20%, 
which the company said makes it the largest user of certi fi ed cocoa 
in the world. 

Based on current buying arrangements, Mars projects that 
this equals nearly 90,000 metric tons of certi fi ed cocoa purchased 
during 2012. n

sustainabilitY 
WATCH
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on 400 others. Industry can submit data on 
these pending applications before the dead-
lines established in the new list, which will 
apply as of April 22, 2013, and undergo 
annual updates. The list is available at http://
tinyurl.com/EFSA-List.

Oilseed crushing 
plant auctioned
Maas Companies of Rochester, Minnesota, 
USA, was scheduled to sell the former North-
wood Mills Oilseed Plant, a state-of-the-art 
oilseed processing facility outside of Grand 
Forks, North Dakota, USA, at a foreclosure 
auction on November 27, 2012. 

Construction of the facility was com-
pleted in May of 2007, Maas said in a state-
ment. Originally, the plant crushed soybean 
and canola; sunflowerseed, corn germ, and 
flax were added later. “The plant utilizes an 
extrusion/expelling process and could be 
operational for a multitude of inputs with 
little or no equipment modifications,” the 
auction notice says, adding that the plant has 
a fully integrated control system. The plant 
had a daily output of 200–300 short tons 

(180–270 metric tons)/day, according to 
www.grainnet.com. 

USITC investigates 
olive oil
The US International Trade Commission 
(USITC) is investigating the global compet-
itiveness of the US olive oil industry, the Olive 
Oil Times reported in October 2012. 

Olive oil consumption is up by about 
40% in the past 10 years, but most US con-
sumers buy imported oil, according to a state-
ment from USITC. The USITC will examine 
the practices of major olive oil suppliers from 
2008–2012, with an emphasis on the United 
States, Spain, Italy, and North African produc-
ers. The study will focus on four areas:

n An overview of the commercial 
olive oil industry in the United States and 
major supplier countries, including pro-
duction of olives for olive oil processing, 
planted acreage and new plantings, process-
ing volumes, processing capacity, carry-over 
inventory, and consumption;

n An examination of the international 
market for olive oil, including US and foreign 

supplier imports and exports of olive oil in 
its various forms, olive oil trade between the 
European Union and North African coun-
tries, and a history of the tariff treatment and 
classification of olive oil;

n A qualitative and, to the extent pos-
sible, quantitative assessment of the role of 
imports, standards and grading, prices, and 
other factors on olive oil consumption in the 
US market; and

n A comparison of the competitive 
strengths and weaknesses of the commer-
cial olive production and olive oil processing 
industries in the major producing coun-
tries and the United States, including factors 
such as industry structure, input production 
costs and availability, processing technology, 
product innovation, government support and 
other government intervention, exchange 
rates, and marketing regimes, plus steps each 
respective industry is taking to increase its 
competitiveness.

The USITC is an independent govern-
ment agency that investigates trade issues. 
The Commission was scheduled to hold a 
public hearing on December 5, 2012, and 
will issue its final report by August 12,  
2013. n

For more details visit www.avantilipids.com

MICRO-BALANCE for 
Gravimetric AnalysisSuperGSuperG MICRO-BALANCE for 
Gravimetric Analysis

Stable, Portable, Precise

For years the Kibron sensor has been provid-
ing discerning researchers with the most pre-
cise surface tension measurements available. 
Now the Kibron sensor 
has been integrated 
into a balance for 
gravimetric analysis. 
The result, a sensitive, 
stable, and robust ultra 
microbalance every lab 
can afford. The Kibron 
ultramicrobalance was 
specifically designed 
with the lipid researcher 
in mind, allowing fast 
and accurate determi-
nation of concentration                   
by gravimetric analysis for  
any lipid.

Instrument is delivered complete with:
• Super G software and manual.
• USB cable for connection to PC.
• 100 Nanopans.
• Pelco® tweezers for sample handling.
• 50 μL Gastight® Hamilton Co syringe.
• 1mg NIST traceable weight.
• Sample heating block for rapid, high  
   throughput gravimetric analysis.

Available now from Avanti - Introductory price $10,000
 Compare to other units costing >$20,000



inform   January 2013, Vol. 24 (1)   •   21

BRIEFS
a new company in Lakeland, Florida, 
uSa, called Staygreen oil, LLc, has 
established a cloud-based market-
place for recycled oils. the company 
lets sellers list the location of their 
left over oil—whether it’s left over fast-
food cooking oil or used motor oil—on 
an online aucti on platf orm, with the 
goal of getti  ng top dollar by tapping 
into a wide network of buyers. co-
founder Brian davis explained, “the 
easiest way to put it is, it’s the Stub-
Hub or eBay for used oil.” the Stay-
green marketplace is free for buyers 
and sellers to register and interact 
through public aucti ons or via private 
requests for proposals. in a company 
statement, co-founder Michael griffi  th 
said, “there currently exists a growing 
global demand for re-refi ned base-
stocks derived from used engine oils 
and an increased call for used cooking 
oils required for biodiesel producti on. 
Staygreen oil is the only system of its 
kind and will revoluti onize the way the 
market interacts to fi ll these needs.”

nnn

on September 30, 2012, a 10 meter 
long fi n whale weighing 6.8 metric 
tons (Mt) died aft er being stranded 
on a beach near Woodbridge, Suff olk, 
uK. according to the newspaper The 
Telegraph, the Suff olk coastal district 
council, which was responsible for 
removing the carcass, “decided to 
do something ‘useful’ with the body 
instead of dumping it on a landfi ll site 
or towing it out to sea to rot.” the 
council arranged to have the car-
cass placed in a sealed container and 
transported to a local rendering fi rm. 
the owner of the rendering fi rm esti -
mated the body could produce 2 Mt 
of oil, for use in producing 2,000 liters 
of biofuel. the residue aft er removal 
of the blubber was incinerated at a 
power stati on to produce electricity.

nnn

the fi rst retailer offi  cially to sell e15 
(15% alcohol, 85% gasoline) in the 
state of iowa (uSa) reported strong 
acceptance of the newly available 
fuel. Linn co-op oil company, in 
Marion, began selling e15 to drivers 
owning a 2001 or newer car, sport 
uti lity vehicle, or light-duty truck in 

Milestone for 
aviati on
The National Research Council (NRC) of 
Canada fl ew the fi rst civilian jet powered by 
100% unblended biofuel on October 29, 2012. 
A Dassault Falcon 20 twin-engine jet—one of 
NRC’s specifi cally equipped and best suited 
planes for this challenge—fl ew over Ott awa, 
Canada’s capital, followed by a second aircraft , 
a Lockheed T-33, which collected informa-
tion on the emissions generated by combust-
ing the biofuel. Systems onboard the Falcon 
20 allowed the NRC research team to switch 
back and forth between 100% biofuel and con-
ventional petroleum-based aviation fuel, estab-
lishing the ability to make comparisons on the 
performance of the fuel in the same plane at 
(nearly) the same time.

Feedstock for the fuel originated from 
more than 40 farmers, working on 2,430 
hectares in western Canada, who grew Bras-
sica carinata under contract with Agrisoma 
Bioscience Inc. (Ottawa, Canada). The oil 
from the B. carinata seeds was converted to 
ReadiJet™ by Applied Research Associates 
(ARA ; Albuquerque, New Mexico, USA) in 
cooperation with Chevron Lummus Global 

(CLG) under contract to the US Air Force 
Research Laboratory. ARA ’s catalytic hydro-
thermolysis process converts plant oils into 
a crude oil intermediate, and CLG’s catalysts 
upgrade the crude oil intermediate into on-
specification finished fuels (http://tinyurl.
com/100percent-Biobased).

EU limits 
food-based biofuels
The European Commission (EC) pre-
sented new proposals in mid-October 2012 
to enhance the sustainability and minimize 
climate impacts of biofuels produced in the 
European Union. Agricultural organizations 
and those promoting the use of biodiesel and 
bioethanol claimed the proposals will destroy 
the European biofuel industry, whereas envi-
ronmental non-government organizations 
said the proposals did not do enough.

One of the more contentious propos-
als reduced to 5% the share of fi rst-genera-
tion biofuels in transport, from the 10% target 
for 2020 set in the 2009 Renewable Energy 
Directive issued by the EC. Th e purpose of 

biofuels News 

a trailing Lockheed t-33 “sniff s” the emissions of a Falcon 20 jet fl ying alternately on 100% 
biofuel and conventi onal petroleum-based aviati on fuel. credit: nati onal Research coun-
cil of canada. 

continued on next page
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this change is “to stimulate the development 
of alternative, second-generation biofuels 
from non-food feedstock, such as wastes or 
straw.

A second proposal that received wide 
attention was the requirement for the inclu-
sion of estimated impacts of land conversion—
Indirect Land Use Change (ILUC)—when 
assessing the greenhouse gas performance of 
biofuels.

In a statement from the EC, Commis-
sioner for Climate Action Connie Hedegaard 
said, “For biofuels to help us combat climate 
change, we must use truly sustainable biofu-
els. We must invest in biofuels that achieve 
real emissions cuts and do not compete with 
food.” She added, “We are of course not 
closing down first-generation biofuels, but . . .  
future increases in biofuels must come from 
advanced biofuels” (http://tinyurl.com/
EU-RED-5percent).

Algal biodiesel 
goes retail in USA
On November 13, 2012, Propel Fuels and 
Solazyme Inc. jointly announced the intro-
duction of algae-derived biodiesel for retail 
sale in four California cities (Redwood City, 
San Jose, Berkeley, and Oakland). Solazyme 
(South San Francisco, California, USA) con-
verts plant sugars into oils by feeding them to 
microalgae in a standard industrial fermenta-
tion (which, for the purpose of this introduc-
tion, was manufactured at Solazyme’s facility 
in Peoria, Illinois, USA). This oil is then con-
verted to Soladiesel®BD.

Propel Fuels (Redwood City, USA) has 
a network of retail renewable fuel locations 
in the San Francisco Bay area. The month-
long pilot program was the industry’s first 
opportunity to test consumer response to 
this advanced renewable fuel. The B20 (20% 
biodiesel + 80% petrodiesel) fuel was sold at 
about $4.25 per gallon, the same price as con-
ventional diesel fuels. 

Solazyme + ADM 
(or Bunge) = oil
ADM. In mid-November 2012, Solazyme, 
which obtains oil from algae growing fermen-
tatively on sugar, announced it will expand its 
product capacity through partnerships with 
Bunge Ltd. and with Archer Daniels Midland 
Co. (ADM).

The South San Francisco, California 
(USA)-based Solazyme plans to open a plant 

in 2014 at ADM’s advanced fermentation 
plant at Clinton, Iowa (USA). The plant is 
being designed to produce 20,000 metric tons 
(MT) of oil in its first year, and subsequently 
production may be expanded to 100,000 MT 
per year. Intentions are to sell these oils pri-
marily to industrial and nutritional markets 
in North America.

According to the terms of the agree-
ment, ADM’s wet mill, which is next to the 
fermentation plant, will provide dextrose for 
Solazyme’s algae to grow on; and ADM’s co-
generation facility, which is partially fired 
with renewable biomass, will provide steam 
and power for the fermentation. Once retro-
fitting and permitting for the Clinton plant 
are completed, commercial production is pro-
jected to begin in early 2014.

Bunge. Solazyme and Bunge Ltd. (White 
Plains, New York, USA) have entered into 
a joint venture ( JV) expansion framework 
agreement (Solazyme Bunge Renewable 
Oils) to increase capacity from the 100,000 
MT annual production currently under con-
struction in Brazil adjacent to Bunge’s Moema 
sugarcane mill to 300,000 MT by 2016. The 
companies also intend to expand the portfo-
lio of oils to be produced out of their Brazil-
ian JV facility. 

Developments 
in aviation fuel
At the end of the third quarter, Algae-Tec Ltd. 
(Perth, Australia) and the German air carrier 
Lufthansa announced their plans to build a 
large-scale algae-to-aviation biofuels produc-
tion facility in Europe, adjacent to an indus-
trial CO2 source. 

Lufthansa has agreed to arrange 100% 
funding for the project. Algae-Tec will receive 
license fees and profits from the project, 
which Algae.Tec will manage. As part of the 
agreement, Lufthansa has committed to a 
long-term offtake agreement of at least 50% 
of the crude oil produced at an agreed price. 
The location for the facility had not been 
announced as of press time.

In a similar vein, China Petroleum and 
Chemical Corp. (Sinopec), one of China’s 
biggest energy companies, and Airbus 
announced that they are developing and 
promoting renewable aviation fuel produc-
tion for regular commercial use in China. 
Airbus provides technical expertise gained 
in past certification processes with the Euro-
pean Union and US fuels standard bodies 

 

late September. Jim Becthold, service 
manager of the co-op, said, “during 
our open house event [to introduce 
e15] i saw countless new faces from 
all over the county. also, a great deal 
of our customers specifically asked for 
e15” (http://tinyurl.com/e15-iowa).

nnn

green Jet Fuel™ produced by uop LLc, 
a Honeywell company (des plaines, 
illinois, uSa), powered demonstra-
tion flights by five different gulfstream 
aircraft traveling from the gulfstream 
headquarters in Savannah, georgia, 
to orlando, Florida for the national 
Business aviation association con-
vention in october. Both engines of 
the aircraft were fueled by a 50:50 
blend of green Jet Fuel and petro-
leum-derived jet fuel. the renewable 
fuel was made with camelina oil. this 
was the first time gulfstream’s entire 
fleet has flown on renewable jet fuel.

nnn

the news agency Reuters reported on 
november 7, 2012, that overcapacity 
had led cargill to close its biodiesel 
plant in Hamburg, germany, which 
was designed to produce 120,000 
metric tons (Mt) of biodiesel annu-
ally. cargill’s other german biodiesel 
plant near Frankfurt, with a capac-
ity of 250,000 Mt, remained open. 
consumption of biodiesel in the 
country fell in 2012 following ger-
many’s implementation of a tax on 
the green fuel. according to Reuters, 
about half of germany’s biodiesel 
plants had stopped work or declared 
insolvency at the beginning of 2012 
(http://tinyurl.com/cargill-biodiesel). 
european union plans to cap the use 
of food-based biofuels (see accom-
panying article) will likely lead to fur-
ther closures.

nnn

the european union (eu) began inves-
tigating accusations that argentina 
and indonesia are dumping biodiesel 
in europe. the complaint was lodged 
by the european Biodiesel Board 
(eBB). according to the european 
commission (november 10, 2012), 
“it is alleged that the producers have 
benefited from subsidies granted by 
the governments of argentina and 
indonesia.” the eBB presented evi-
dence that the volume and prices of 
the imported biodiesel resulted “in 
substantial adverse effects on the 
overall performance and financial sit-
uation of the eu industry” (see http://
tinyurl.com/eu-pdf). n

continued on page 24



The report summary pointed out: “[T]hese concerns are 
not a defi niti ve barrier for future producti on, and innovati ons 
that would require research and development could help real-
ize algal biofuels’ full potenti al.”

The committ ee that wrote the report said that concerns 
related to large-scale algal biofuel development diff er depend-
ing on the pathways used to produce the fuels. The commit-
tee focused its sustainability analysis on pathways that to date 
have received acti ve att enti on. Most of the current develop-
ment involves growing selected strains of algae in open ponds 
or closed photobioreactors using various water sources, col-
lecti ng and extracti ng the oil from algae or collecti ng fuel pre-
cursors secreted by algae, and then processing the oil into fuel. 
The report did not address the economics or the costs of algal 
biofuels, as specifi ed in the assignment given to the committ ee.

The committ ee pointed out the following fi ve high-level 
concerns for large-scale development of algae biofuel.

Water. The committ ee found that producing the amount 
of algal biofuel equivalent to 1 liter of gasoline requires 3.15–
3,650 liters of freshwater, depending on whether the algae (or 
cyanobacteria) need to be harvested to be processed to fuels 
or whether they secrete fuel products. Replenishing water lost 
from evaporati on in growing systems is a key factor in produc-
ing algae in freshwater systems. Water use could also be a seri-
ous concern in an algal producti on system that uses freshwater 
without recycling the “harvest” water.

According to Nati onal Resources Defense Council energy 
policy analyst Cai Steger, who is part of the committ ee that wrote 
the report, “[G]etti  ng 5% of our fuel from algae could consume 
up to 123 billion liters of freshwater (and using other studies, 
many multi ples of that). For comparati ve purposes, that would 
represent nearly 10% of current total US freshwater consump-
ti on” (htt p://ti nyurl.com/H20-NRC-Steger).

Nutrients. Carbon dioxide availability would be a concern, 
whether from virgin sources or waste streams such as fl ue gas. 
To produce 39 billion liters of algal biofuels [US consumpti on 
of fuels for transportati on was about 284 billion liters in 2010] 
would require 6–15 million metric tons (MMT) of nitrogen and 
1–2 MMT of phosphorus if the nutrients are not recycled. These 
requirements represent 44–107% of the total nitrogen use and 
20–51% of the total phosphorus use in the United States. On the 
other hand, recycling nutrients or using wastewater from agricul-
tural or municipal sources could reduce nutrient and energy use.

Land. The area and the number of suitable and available 
sites for algae to grow could limit the producti on of algal bio-
fuels. Appropriate topography, climate, proximity to water 
supplies, and proximity to nutrient supplies would have to 
be matched carefully to ensure successful and sustainable 
fuel producti on and avoid costs and energy consumpti on for 
transporti ng those resources to culti vati on faciliti es. The cost 

The National Research Council, which is part 
of the US National Academies, released a re-
port enti tled Sustainable Development of Al- 
gal Biofuels in the United States (www.nap.
edu/catalog.php?record_id=13437) on October 
24, 2012. The report concludes that scaling up 
the producti on of biofuels made from algae to 
meet at least 5%, or approximately 39 billion 
liters, of US transportati on fuel needs—if only 
current technologies and knowledge are con-
sidered—would place unsustainable demands 
on energy, water, and nutrients.

ALGAE FOR FUEL
NRC says algae for biofuel 

may be unsustainable

CONTINUED ON NEXT PAGE
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and in the selection of sustainable feedstocks. 
The partners are also establishing a sustain-
able alternative fuel value chain in China, to 
help speed up its commercialization, and will 
use 100% domestic resources and refining 
capabilities.

US EPA denies RFS 
waiver request
The US Environmental Protection Agency 
(EPA) denied requests for waivers to the 
Renewable Fuels Standard (RFS) on Novem-
ber 16, 2012. Governors in several states had 
asked the EPA in August to waive the stan-
dard, which requires mandatory blending of 
renewable fuels in gasoline to a certain level. 
Several groups argued that, given this year’s 
drought, ethanol production from corn (for 
use in blending with gasoline) was driving up 
the price of corn for use in food. This year, the 
RFS calls for blending of 15.2 billion gallons 
of renewable fuels.

Gina McCarthy, assistant administra-
tor for EPA’s Office of Air and Radiation, 
said: “We recognize that this year’s drought 
has created hardship in some sectors of the 
economy, particularly for livestock produc-
ers. But our extensive analysis makes clear 
that Congressional requirements for a waiver 

have not been met and that waiving the RFS 
will have little, if any, impact” (http://tinyurl.
com/NoWaiver-EPA).

The EPA said it found that suspending 
the RFS would reduce corn prices by only 1%, 
which did not meet the criterion of “severe 
economic harm” that would allow a waiver.

New method for 
algae → biofuel
Current methods for harvesting algae for use 
as feedstock for biofuel, such as sedimenta-
tion, microfiltration, centrifugation, air flo-
tation, and flocculation, are not inexpensive 
owing to the costs of pumping and processing 
large amounts of water.

Martin Poenie and co-workers at the 
University of Texas at Austin (USA) have 
explored the possibility of using resins that 
reversibly bind algae as a means to harvest 
and concentrate the organisms. Their strategy 
takes advantage of the negative surface charge 
on algae, which bind to weak anion exchange 
resins as a function of pH. 

They found the performance of commer-
cial resins was inadequate, which they attrib-
uted to nonspecific or non-pH dependent 
binding as well as instances of poor binding 
capacity.

The researchers then generated a series 
of resins, incorporating one of three different 
functional groups: dimethylamine, imidaz-
ole, and pyridine. They found that binding 
capacity correlated positively with increasing 
pKa of the weak base component of the resin 
while reversibility correlated inversely with 
pKa. According to the summary presented in 
their paper ( Jones, J., et al., Resins that revers-
ibly bind algae for harvesting and concentra-
tion, Environ. Prog., doi: 10.1002/ep.11697, 
2012), “The best of these resins bind about 
10% of their weight in algae, show 100% 
reversibility and reusability and the ability to 
concentrate algae from dilute suspension to 
30 grams per liter.”

In a second paper, Poenie and co-work-
ers took anion exchange resins on which 
algae (Neochloris oleoabundans and a marine 
Chlorella, KAS 603) had been bound and 
eluted them with sulfuric acid/methanol. In 
the process the resin was regenerated, and 
the algal lipids were converted to biodiesel. 
The researchers proposed using hydropho-
bic polymers to remove the biodiesel from 
the sulfuric acid/methanol mix, which would 
make the transesterification agent recyclable. 
For further information see Jones et al., Use 
of anion exchange resins for one-step process-
ing of algae from harvest to biofuel, Energies 
5:2608–2625 (2012). n

 
of suitable sites near urban or suburban centers or coastal recre-
ation areas could be prohibitive.

Greenhouse gas (GHG) emissions. Some studies suggest that 
algal biofuel production generates less gHg than petroleum-based 
fuels while others suggest the opposite. these emissions depend 
on many factors in the production process, including the amount 
of energy needed to dewater and harvest algae and the electric-
ity sources used. 

Return on investment. algal biofuel production would have to 
produce sufficiently more energy than is required in cultivation and 
fuel conversion to be sustainable. For some system designs ana-
lyzed, the estimated values for energy Return in investment (eRoi) 
ranged from 0.13 to 3.33. the nRc report recommended an eRoi 
of 3× (3 units of energy produced per unit of energy input) for sus-
tainability. For algal biofuels to contribute significantly to future 
transportation fuels, the committee recommended research and 
development to improve algal strains, identification of additional 
algal strains having desired characteristics, improved materials and 
methods for growing and processing algae into fuels, and reduction 
of energy requirements for multiple stages of production.

Reactions to nRc RepoRt
Algal Biomass Organization (ABO). the aBo found encouragement 
in the statement “[t]hese concerns are not a definitive barrier for 

future production, and innovations that would require research 
and development could help realize algal biofuels’ full potential” 
that appeared in the national Research council Report (see pre-
ceding article). 

the aBo pointed out (http://tinyurl.com/aBo-algae-sustainable) 
that use of saline and nonpotable or recycled water is essential to 
development of commercial algae production and cited studies 
from the pacific northwest national Laboratories indicating that 
the use of saline water and recycled nutrients would be able to 
provide up to twice as much advanced biofuels as the goal set by 
the uS energy independence and Security act (2007).

the aBo also pointed out that research is already under way to 
increase recycling of nutrients in the production of algae. Further-
more, according to aBo, the uS environmental protection agency’s 
life cycle analysis found that algae-based diesel reduces greenhouse 
gas emissions by at least 50%, thus qualifying as an advanced Bio-
fuel under the Renewable Fuel Standard. 

industry leaders are already achieving nRc’s proposed energy 
Return on investment of 3 units of energy produced per unit of 
energy input. 

Friends of the Earth (FOE). this group also found support in this 
report for their interests in protecting the environment. From topics 
covered in the report, the Foe emphasized hazards of growing algae 
that have been genetically modified to produce large quantities of 
oil, the large quantities of water needed, cross-contamination with 
the surrounding environment, and spills, as well as the question of 
the production of food vs. fuel (http://tinyurl.com/Foe-algae-nRc). n

algae (continued from page 23)

 



numerous systemati c reviews and meta-analyses based on 
randomized clinical trials as reported in peer-reviewed medical 
journals have been published during the past decade on dHa/
epa (docosahexaenoic acid/eicosapentaenoic acid) omega-3 
fatt y intakes (via diet and supplementati on) and cardiovascular-
related outcomes. the majority of these have concluded that 
there are overall benefi ts of such enhanced omega-3 intakes 
using such end points. 

the review and meta-analysis by Rizos et al. is the most 
recent to be published on the topic. Based on the eligible 
clinical trials that they selected for inclusion in their analysis, 
the authors concluded that omega-3 supplementati on was 

not associated with a lower risk of all-cause mortality, cardiac 
death, sudden death, myocardial infarcti on, or stroke.

Without intending to refute the peer-reviewed publica-
ti on of the present authors, the following brief commentary 
is off ered. in any long-term interventi on trial (whether with 
medicati on or nutriti onal supplements), incomplete compliance 
poses a major challenge such that monitoring compliance with 
recognized biomarkers is highly recommended. Such a moni-
toring protocol can identi fy poor or incomplete compliance. 

also, potenti al minor side eff ects and other factors can 
compromise compliance. Measurements of fatt y acid levels 
(including dHa, epa, and others) in plasma lipid (or whole blood 
or serum phospholipid or erythrocytes) can serve as reliable 
indicators to determine the level of compliance. Such moni-
toring needs to become a standard protocol in essenti ally all 
clinical trials that evaluate the eff ect of fi sh oil or dHa/epa 
interventi on on outcomes. Such monitoring to assess compli-
ance has been absent in most of the studies as reviewed herein 
by the authors of the JAMA review and others. 

an example of a published study wherein such fatt y acid 
profi les were measured is that by Burr et al. (Eur. J. Clin. Nutr. 
57:193–200, 2003) as uti lized in the recent review by Rizos 
and colleagues. in the study by Burr et al., which did not sup-
port a benefi cial eff ect of increasing dHa/epa intakes from 
fi sh or fi sh oil on cardiac death in men with angina, measure-
ments of epa levels in plasma lipid were performed. inter-
esti ngly, the reported intake of epa omega-3 in the fi sh/fi sh 
oil-supplemented group was increased to 474 mg/day during 
interventi on. However, the plasma lipid levels of epa rose 
by only 37% by 6 months whereas epa intakes of much less 
(such as only 276 mg/day) have resulted in elevati ons above 
80% within 6 weeks in the plasma lipid (castro et al., Nutri-
ti on 23:127–137, 2007). 

bruce Holub

in September 2012, the Journal of the Amer-
ican Medical Associati on (JAMA) published a 
review and meta-analysis of omega-3 supple-
mentati on and cardiovascular events (Rizos, 
e.c., et al., associati on between omega-3 fatt y 
acid supplementati on and risk of major cardio-
vascular disease events: a systemati c review 
and meta-analysis, JAMA 308:1024–1033, 
2012) that sti mulated widespread controversy 
in the media. among the numerous commen-
taries was this one writt en by aocS member 
Bruce Holub for the dHa/epa omega-3 insti -
tute (www.dhaomega3.org), and shared here 
with Inform.

 dHa/epa institute
comments on controversial 

review in JAMA

continued on next page
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thus, the apparent failure of the sub-
jects in the trial of Burr et al. to fulfill com-
pliance to the target intakes of dHa/epa 
is a significant shortcoming that likely pre-
vails among many of the omega-3 inter-
vention trials.

Strong support for the need to mea-
sure circulating omega-3 levels for com-
pliance and expected efficacy of omega-3 
supplementation on cardiac events in clini-
cal trials also comes from blood data from 

the Japan epa Lipid intervention Study 
known as JeLiS (itakura et al., J. Athero-
scler. Thromb. 18:99–107, 2011). 

in this study, a very wide variance in 
the elevated circulating concentrations 
of epa omega-3 was found between sub-
jects in the treatment group despite assign-
ing all subjects in the epa group to receive 
a fixed daily dose of 1,800 mg epa/day. 
those epa-supplemented subjects show-
ing much higher levels of blood plasma epa 

levels exhibited a 20% reduced risk (relative 
to controls) in the risk of major coronary 
events, whereas those epa-supplemented 
subjects who exhibited much lower lev-
els of blood plasma epa did not show any 
reduction in risk. 

despite the various shortcomings, the 
current review reported the overall rela-
tive risks for cardiac death, sudden death, 
and myocardial infarction to be lower in 
the omega-3 supplemented groups (rela-
tive to placebo controls) by 9, 13, and 11%, 
respectively (although not reaching statis-
tical significance). in this review, statisti-
cal significance was assumed at a P value 
threshold of 0.0063, which is much more 
rigid than commonly used cut-offs. it should 
also be pointed out that not having informa-
tion on background dietary intakes of non-
deprived individual subjects or the groups 
(and their blood levels of omega-3) does not 
allow for an assessment of the “deprived” 
vs. “nondeprived” subjects and their rel-
ative responses/benefits from omega-3 
supplementation. 

in this regard, the most recent inter-
vention trial included in the analysis by 
Rizos et al. in their review was the so-called 
oRigin trial (New Engl. J. Med. 367:309–
318, 2012) wherein supplementation with 
dHa/epa omega-3 or “placebo” (controls) 
to those with (or at risk for) type 2 diabe-
tes did not show a significant difference 
in outcomes. 

interestingly, the intake of fish/other 
marine products was not restricted (unlike 
what is commonly done in such interven-
tion trials) throughout the supplement trial 
such that the median intake of dHa plus 
epa from dietary sources was already sub-
stantial at 210 mg/day with a considerable 
portion of the subjects consuming up to 
570 mg/day or more. 

the firestorm that erupted after Stanford university researchers reported in the 
Annals of Internal Medicine (157:348–366, 2012) that organic food is no more 
nutritious than conventionally grown foods is yet another example of the pitfalls 
of meta-analysis.

although the Stanford researchers had reviewed many of the same studies 
that a group of scientists at newcastle university in england had reviewed previ-
ously, the two groups reached opposite conclusions. after reviewing decades of 
research comparing organic fruits and vegetables to those grown conventionally, 
the newcastle team announced its conclusions in april 2011: organic produce 
grown without synthetic fertilizers or pesticides was more nutritious, containing, 
on average, more vitamin c and other phytochemicals that help protect against 
cancer and heart disease (Brandt, K., et al., agroecosystem management and nutri-
tional quality of plant foods: the case of organic fruits and vegetables, Crit. Rev. 
Plant Sci. 30:177–197, 2012).

How did the Stanford group reach a seemingly opposite conclusion after 
reviewing many of the same studies? on october 16, 2012, an article in The New 
York Times titled “parsing of data led to mixed messages on organic food’s value” 
pointed out that both teams’ conclusions were based solely on statistical compila-
tions of earlier work by other researchers, rather than on new field or laboratory 
work, and that the way the data from such earlier studies are divvied up and com-
bined in a meta-analysis can make a big difference in the conclusions

“Such analyses seek out robust nuggets in studies of disparate designs and 
quality that offer confounding and often conflicting findings, especially in nutrition 
and medicine,” The New York Times reporter, Kenneth chang, explained. “in the 
organic food research, some studies reported many measurements, some only a 
few. Some included several crops grown over multiple years, while others looked 
at only a few samples.”

the pitfalls of meta-analyses

Measurements of fatty acid levels (including DHA, EPA, and  
others) in plasma lipid (or whole blood or serum phospholipid  

or erythrocytes) can serve as reliable indicators 
to determine the level of compliance.
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a team led by Hemant poudyal at aus-
tralia’s university of Queensland exam-
ined the cardiovascular, hepatic, and 
metabolic responses to dietary omega-3 
fatty acids—α-linoleic acid (aLa, from 
chia seed oil), eicosapentaenoic acid 
(epa, from fish oil), and docosahexae-
noic acid (dHa, also from fish oil)—in a 
high-carbohydrate, high-fat diet-induced 
model of metabolic syndrome in 95 male 
Wistar rats. the researchers investigated 
changes in the fatty acid composition of 
plasma, adipose tissues, liver, heart, and 
skeletal muscle after supplementation. 

“the same dosages of aLa and 
epa/dHa produced different physio-
logical responses to decrease the risk 
factors for metabolic syndrome,” they 
reported. “aLa did not reduce total body 
fat but induced lipid redistribution away 
from the abdominal area and favorably 
improved glucose tolerance, insulin sen-
sitivity, dyslipidemia, hypertension, and 
left ventricular dimensions, contrac-
tility, volumes and stiffness. epa and 
dHa increased sympathetic activation, 
reduced the abdominal adiposity and 
total body fat and attenuated insulin sen-
sitivity, dyslipidemia, hypertension, and 
left ventricular stiffness but not glucose 
tolerance.” the work appeared in the 
Journal of Nutritional Biochemistry (doi: 
10.1016/jjnutbio.2012.07.014, 2012).

nnn

in 2009, the trans-fat content in sev-
eral processed foods in europe dropped 
significantly as compared with levels in 
2005, according to a study led by Steen 
Stender of copenhagen university Hos-
pital in denmark. nonetheless, trans-
fat content in high-trans foods such 
as fried potatoes and microwave pop-
corn remained high in eastern europe. 
the study appeared in BMJ Open (doi: 
10.1136/bmjopen-2012-000859, 2012).

nnn

in october 2012, the european court 
of auditors ruled that four agencies—
including the european Food Safety 
authority (eFSa)—had inadequate man-
agement for conflicts of interest. eFSa, 
the european aviation Safety agency, 
the european chemicals agency, and 
the european Medicines agency were 
urged to do more when “screening can-
didates for conflict of interest before 
their appointment. n

interestingly, an extensive review on 
dose-benefit relations for dHa/epa intakes 
and human health from the Harvard School 
of public Health (Mozaffarian and Rimm, 
JAMA 296:1885–1899, 2006) concluded 
that an intake approaching at least 250 
mg/day “appears sufficient for primary 
prevention.” 

For general health and disease pre-
vention, 500 mg (epa plus dHa) per per-
son daily is recommended as the position 
of the american dietetic association and 
the dietitians of canada (J. Am. Diet. Assoc. 
207:1599–1611, 2007).

For those with coronary disease, 
the american Heart association dietary 
guidelines (Revision 2000: a Statement for 
Healthcare professionals from the nutrition 
committee of the american Heart associ-
ation) states: “consumption of one fatty 
fish meal per day (or alternatively, a fish 
oil supplement) could result in an omega-3 
intake (i.e., epa and dHa) of approximately 
900 mg/day, an amount shown to benefi-
cially affect coronary heart disease rates 
in patients with coronary disease” (Circu-
lation 102:2284–2299, 2000). 

an elevated triglyceride level is a very 
significant risk factor for cardiovascular 
disease and associated mortality. even 
moderately elevated levels of circulating 
triglyceride (150–199 mg/100 mL or 1.7–
2.2 mmol/L), which are highly prevalent in 
the population including many people on 
statin treatment for cholesterol-lowering, 
carry a significantly increased risk for heart 
disease and are considered “borderline-
high” in the recent scientific statement 
from the american Heart association on 
“triglycerides and cardiovascular disease” 
(Circulation 123:2292–2333, 2011). in fact, 
the latter review indicates that, by the age 
of 40 years, almost half of uS males and 
a considerable portion of females do not 
have triglyceride levels designated as “desir-
able” (below 150 mg/100 mL). 

as reviewed at www.dhaomega3.org, 
the degree of triglyceride lowering typi-
cally amounts to approximately 7–10% per 
1,000 mg of epa plus dHa daily such that 
2,000 mg or 3,000 mg can be expected to 
lower blood triglycerides by approximately 
14–20% and 21–35%, respectively. Such tri-
glyceride lowering is usually attained within 

three to four weeks and can be maintained 
for years with ongoing supplementation.

it should also be pointed out that, in 
addition to any cardio-protective effects, 
higher intakes of dHa/epa omega-3 via 
diet or supplementation throughout vari-
ous stages of life (motherhood, childhood, 
middle age, advanced age) have been found 
to offer enhanced health and complemen-
tary disease prevention and management 
(including risk factor improvements) related 
to optimal cognitive development/perfor-
mance and visual acuity, anti-inflammatory 
effects, immunological support, reduc-
tion in the risk and progression of certain 
cancers and ocular disorders, beneficial 
effects on depression, plus other favorable 
effects based on both epidemiological and 
interventional studies as published in peer-
reviewed medical and nutrition journals. 
interestingly, many of the latter clinical tri-
als have been conducted in Japan showing 
considerable benefits on cardiac-related 
events (major coronary event, stroke recur-
rence) and other health outcomes with sup-
plementary levels of long-chain omega-3 
fatty acids in a population with daily intakes 
of dHa plus epa averaging approximately 
1,000–1,200 mg as compared to only 120–
150 mg in north america.

Bruce Holub received his ph.d. 
from the university of toronto, 
canada, followed by post-doctoral 
training as an MRc Research Fel-
low at the university of Michigan 
(ann arbor, uSa). He has authored 
over 250 papers in peer-reviewed 
journals with a focus on omega-3 
fatty acids for health and the 
prevention and management of 
chronic disorders. He is currently 
university professor emeritus in 
the department of Human Health 
and nutritional Sciences at the 
university of guelph, canada, 
and serves as scientific director 
of the dHa/epa omega-3 institute 
while writing updates on omega-3 
research at www.dhaomega3.org. 
He can be reached at bholub@
uoguelph.ca.
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according to SpinS (Schaumburg, 
illinois, uSa), a company devoted 
to providing information and ser-
vices to grow the natural products 
industry, expansion of products ver-
ified as not being based on genet-
ically modified organisms (gMo) 
resulted in $2.4 billion in uS sales dur-
ing the period october 2011–Sep-
tember 2012. this represents a 66% 
increase over the $1.3 billion during 
2010–2011. the strongest increase 
in consumer response to non-gMo 
products occurred in specialty gour-
met retailers (+23%); second-highest 
was in stores positi oning themselves 
as natural (+20%).

nnn

Fooducate, an iphone app and web-
site (www.fooducate.com) that was 
founded in 2010 to help food shop-
pers in the united States quickly look 
up nutriti on and other product infor-
mati on via bar code scans, announced 
on october 17, 2012, that it had added 
a gMo feature to its product. once a 
user registers for the “Warn me about 
gMos” feature, the app grades ingre-
dients connected to the scanned bar-
codes as “non-gMo,” “gMo–High 
probability,” or “gMo–Medium prob-
ability.” users who wish to avoid gMo 
enti rely can ask the app to suggest 
similar, but non-gMo, products. 
informati on regarding gMo content 
comes from manufacturers, the non-
gMo project (www.nongmoproject.
org), and elsewhere.

nnn

the european commission formally 
authorized the geneti cally modifi ed 
corn MiR162 (agrisure Viptera trait) 
marketed by Syngenta for use in food 
and feed (including disti llers’ dried 
grains (ddgS) with solubles and corn 
gluten feed), as well as for import and 
processing in the 27 countries of the 
european union (eu) on october 18, 
2012. the eu executive’s decision 
entered into force aft er its publica-
ti on in the Offi  cial Journal of the EU 
on october 20.
 this acti on provides the oppor-
tunity for uS products, such as corn 
gluten feed, as well as ddgS to 
enter the eu market. cary Siff erath, 

Model identi fi es 
paths to improved 
plant oil producti on
Using a computational model they designed 
to incorporate detailed information about 
plants’ interconnected metabolic processes, 
scientists at the US Department of Energy’s 
Brookhaven National Laboratory (Upton, 
New York) have identifi ed key pathways that 
appear to “favor” the production of either oils 
or proteins. The research, published in the 
journal Plant Physiology, may point the way to 
new strategies to tip the balance and increase 
plant oil production.

As a step toward that goal, Brookhaven 
biologist Jörg Schwender and postdoctoral 
research associate Jordan Hay recently devel-
oped a detailed computational model incor-
porating 572 biochemical reactions that play 
a role in rapeseed’s central metabolism and/
or seed oil production, as well as information 
on how those reactions are grouped together, 
how they are organized in subcellular com-
partments, and how they interact. Th ey have 
used the model to identify which metabolic 
pathways are likely to increase in activity—
and which have to decrease—to convert a 
“low-oil” seed into a “high-oil” seed.

Such a switch would likely be a trade-
off between oil and protein production, 
Schwender explained, because with limited 
carbon and energy resources, “the plant 
would ‘pay’ for the increased cost of making 
more oil by reducing its investment into seed 
protein” (htt p://tinyurl.com/BNL-oil).

So far, efforts based on conventional 
plant breeding and genetics have had very 
limited success in changing the typical trade-
off  of storage compounds in seeds.

“Behind the production of oil and 
protein in seeds is a complex network of hun-
dreds of biochemical reactions, and it is hard 
to determine how this network is controlled 
and how it could be manipulated to change 
the tradeoff ,” Schwender said.

Schwender and Hay’s computational 
model of 572 metabolic reactions turns the 
problem on its head to narrow the search. 
Instead of manipulating each pathway one 
by one to see which might tip the balance 
from protein toward oil, the model postu-
lates the existence of seeds with diff erent oil 
and protein content to see which of the many 
reactions are “responsive” to changes in the 
oil/protein tradeoff .

“This approach allowed us to narrow 
down the large list of enzyme reactions to the 

Biotechnology News

continued on next page

continued on next page
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relatively few ones that might be good candi-
dates to be manipulated in future experimen-
tal studies,” Schwender said. “Our major goal 
is to computationally predict the least possible 
number of enzymes that have most control 
over the tradeoff between oil and protein 
production.”

Of the 572 reactions included in the 
model, the scientists identified 149 reac-
tions as “protein-responsive” and 116 as 
“oil-responsive.”

“In addition, the model helps us evalu-
ate how sensitive the reactions are in a quan-
titative way, so we can see which of these are 
the ‘most sensitive’ reactions,” Schwender said. 
“This allows us to identify a relatively few pos-
sible targets for future genetic manipulation 
to tip the balance in favor of greater seed oil 
production.”

Some of the reactions identified by the 
model confirm pathways pointed out in pre-
vious research as important for oil synthe-
sis. “But some of the reactions identified by 
our model have not really been implied so far 
to be important in the oil/protein tradeoff,” 
Schwender said, suggesting that this could be 
new ground for discovery.

“These simulation tools may therefore 
point the way to new strategies for re-design-
ing bioenergy crops for improved production,” 
he concluded.

For f ur ther information see Jörg 
Schwender and Jordan O. Hay, Predictive 
modeling of biomass component tradeoffs in 
Brassica napus developing oilseeds based on 
in silico manipulation of storage metabolism, 
Plant Physiology: doi:10.1104/pp.112.203927.

California rejects 
Proposition 37
In the US election held November 6, 2012, 
voters in the state of California considered 
Proposition 37, which would have required 
companies to disclose if foods sold in the state’s 

grocery stores were “genetically engineered” 
(for raw agricultural commodities) or “may 
have been entirely or partially produced with 
genetic engineering” (for processed foods and 
supplements). The measure failed to pass: 47% 
of voters voted in favor of the proposition, but 
53% voted against it. The issue was widely fol-
lowed across the country, because it was seen 
as a bellwether of future actions throughout 
the United States.

Agribusiness and food companies in 
general vigorously opposed Proposition 37 
and spent $46 million on advertising and lob-
bying for the “no” campaign—top contributors 
were Monsanto ($8.1 million), DuPont ($5.4 
million), PepsiCo ($2.1 million), Grocery 
Manufacturers Association ($2.0 million), 
BASF CropScience and BASF Plant Science 
(total: $4.0 million), Dow Agrosciences ($2.0 
million), and Syngenta ($2.0 million). Con-
tributors to the “yes” campaign raised about 
$8 million, much of it from organic food com-
panies. For a more comprehensive list of the 
top contributors as of late October, see http://
tinyurl.com/Prop37-contributors or http://
tinyurl.com/ContribLists.

Groups that had sponsored Proposition 
37 vowed to continue their efforts, concentrat-
ing on introducing legislation to force GMO 
labeling nationwide, rather than state by state.

It is noteworthy that China, Saudi Arabia, 
South Korea, the countries of the European 
Union, Japan, Australia, New Zealand, Russia, 
India, and Chile already have some form of 
requirement for the labeling of GMO. 

Swift response 
to paper on 
feeding GMO 
corn, glyphosate 
On September 19, 2012, the Elsevier journal 
Food and Chemical Toxicology released online 
a paper entitled “Long term toxicity of a 
Roundup herbicide and a Roundup-tolerant 
genetically modified maize” by Gilles-Eric 
Séralini and co-workers (50:3221–3231, 
2012; doi: http://dx.doi.org/10.1016/j.
fct.2012.08.005). The uproar following the 
publication of this study has not yet abated. 

The study looked for adverse health 
effects in rats that were fed Monsanto’s NK603 
corn, which was developed to resist the her-
bicide glyphosate. (The European Commis-
sion approved NK603 for use in feed and other 

uS grains council senior regional 
director based in tunis, praised this 
approval for allowing the importa-
tion of high-protein feed ingredients 
at a time of crop shortage in europe 
and high prices. He went on to point 
out, however, that the opportunity 
may be short-lived. new crop biotech 
events in the united States are not yet 
approved in europe. uS farmers may 
plant these products in the second 
quarter of 2013, meaning they would 
enter the market in the third quarter, 
again stalling sales of uS co-products 
in the eu (http://tinyurl.com/Siffer-
ath).

nnn

in the third quarter of 2012, Bronislaw 
Komorowski, president of poland, 
signed an amendment on the law of 
animal feeding to allow the use of 
genetically modified (gMo) soybeans 
in animal nutrition starting in 2016. He 
described his decision as “economi-
cally and socially reasonable” (http://
tinyurl.com/poland-gMosoy). polish 
Minister of agriculture Mark Kalembe 
countered, “poland should be free of 
gMo products.” on the other hand, 
Kalembe pointed out that banning 
gMos in animal feed could lead to 
the collapse of production. n

continued on page 47
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clariant (Muttenz, germany) has 
introduced a range of dyes and pig-
ments that meet the requirements 
of the nordic ecolabel known as 
the “nordic Swan” as well as the eu 
ecolabel, the company announced 
in a statement released in late octo-
ber 2012. “eco-labels help consum-
ers to choose products [that] have a 
reduced environmental impact and 
have become an important market-
ing and quality tool to demonstrate 
that the highest environmental stan-
dards are fulfi lled,” commented clari-
ant’s norbert Merklein, vice president 
Business Segment plasti cs & Special 
applicati ons.

nnn

Reform of the uS toxic Substances 
control act would increase the 
environmental protecti on agency’s 
enforcement costs by 30% annu-
ally, according to the congressional 
Budget offi  ce (cBo), as reported by 
Chemical Week magazine. the bill 
would also cost companies about $1 
million per chemical for compliance 
purposes, cBo said. “Because a large 
number of entities would likely be 
aff ected by the new requirements, 
cBo esti mates that the aggregate cost 
of the private-sector mandates would 
probably exceed the annual thresh-
old established in the unfunded Man-
dates Reform act,” the report added. 
(See the complete report at www.cbo.
gov/publicati on/43651.)

nnn

executi ve Vice president–chief oper-
ating officer Lawrence S. “Larry” 
peiros, 57, has announced his reti re-
ment from the clorox co. eff ecti ve 
april 1, 2013. effective January 1, 
2013, the company will have two chief 
operati ng offi  cers: Benno dorer, 48, 
and george Roeth, 51. dorer currently 
is senior vice president–cleaning divi-
sion & canada and will be promoted 
to executi ve vice president & chief 
operati ng offi  cer–cleaning, interna-
ti onal and corporate Strategy. He will 
have responsibility for the Laundry, 
Home care and internati onal busi-
ness units as well as take on respon-
sibility for corporate strategy and 
growth. Roeth, currently senior vice 
president–Specialty division, will be 
promoted to executi ve vice president 
and chief operati ng offi  cer–House-
hold and Lifestyle.n

“Hygiene 
hypothesis” a bust?
A new report from the UK-based Interna-
tional Scientifi c Forum on Home Hygiene 
(IFH) “dismantles the myth that the epi-
demic rise in allergies in recent years has 
happened because we’re living in sterile 
homes and overdoing hygiene,” in the 
group’s words.

But far from saying microbial exposure 
is not important, the report—which has not 
been peer-reviewed—concludes that losing 
touch with microbial “old friends” may be 
a fundamental factor underlying rises in an 
even wider array of serious diseases. In addi-
tion to allergies, numerous other chronic 
infl ammatory diseases (CID) such as type 1 
diabetes and multiple sclerosis seem to stem 
from impaired regulation of the immune 
system. Defi ciencies in microbial exposure 
could be key to increases in both allergies 
and CID, proposes IFH.

Th e report reviews evidence accumu-
lated over more than 20 years of research 

since the “hygiene hypothesis” was fi rst pro-
posed and suggests that the original notion 
is not correct. 

Presenting the report fi ndings in Liver-
pool in October 2012 at Infection Preven-
tion 2012, the national conference of the UK 
and Ireland’s Infection Prevention Society, 
co-author of the report and honorary pro-
fessor at the London School of Hygiene and 
Tropical Medicine Sally Bloomfield said: 
“Th e underlying idea that microbial expo-
sure is crucial to regulating the immune 
system is right. But the idea that children 
who have fewer infections because of more 
hygienic homes are then more likely to 
develop asthma and other allergies does 
not hold up.”

Another co-author of the report, Rosa-
lind Stanwell Smith, also from the London 
School of Hygiene and Tropical Medicine, 
said: “Allergies and CID are serious health 
issues and it is time we recognized that sim-
plistically talking about home and personal 
cleanliness as the cause of the problem is ill 

continued on next page
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advised, because it is diverting attention from finding workable solu-
tions and the true, probably much more complex, causes.”

Graham Rook, also co-author of the report, who developed 
the “old friends” hypothesis, said: “The rise in allergies and CID 
seems at least partly due to gradually losing contact with the range of 
microbes our immune systems evolved with, ’way back in the Stone 
Age. Only now are we seeing the consequences of this, doubtless 
also driven by genetic predisposition and a range of factors in our 
modern lifestyle—from different diets and pollution to stress and 
inactivity. It seems that some people now have inadequately regu-
lated immune systems that are less able to cope with these other 
factors.”

Stanwell Smith explains why this has happened: “Since the 
1800s, when allergies began to be more noticed, the mix of microbes 
we’ve lived with, and eaten, drunk, and breathed in has been steadily 
changing. Some of this has come through measures to combat infec-
tious diseases that used to take such a heavy toll in those days—in 
London, one in three deaths was a child under five. These changes 
include clean drinking water, safe food, sanitation and sewers, and 
maybe overuse of antibiotics. Whilst vital for protecting us from 
infectious diseases, these will also have inadvertently altered expo-
sure to the ‘microbial friends’ [that] inhabit the same environments.”

But we have also lost touch with our “old friends” in other ways: 
Our modern homes have a different and less diverse mix of microbes 
than rural homes of the past, the IFH notes. This has nothing to 
do with cleaning habits, for even the cleanest-looking homes still 
abound with bacteria, viruses, fungi, molds, and dust mites. The 
change has occurred mainly because microbes come in from outside, 
and the microbes in towns and cities are very different from those 
on farms and in the countryside.

“The good news,” says Bloomfield, “is that we are not faced 
with a stark choice between running the risk of infectious disease, 
or suffering allergies and inflammatory diseases. The threat of infec-
tious disease is now rising because of antibiotic resistance, global 
mobility, and an aging population, so good hygiene is even more 
vital to all of us.” 

“How we can begin to reverse the trend in allergies and CID 
isn’t yet clear,” notes Rook. “There are lots of ideas being explored 
but relaxing hygiene won’t reunite us with our ‘old friends’—just 
expose us to new enemies like E. coli.”

“One important thing we can do,” says Bloomfield, “is to stop 
talking about being too clean and get people thinking about how we 
can safely reconnect with the right kind of dirt.”

IFH is a nonprofit organization whose core activities are sup-
ported through an unrestricted educational grant provided by con-
sumer products manufacturers Unilever and Reckitt Benckiser. 
Other organizations that have contributed to the funding of IFH 
include Procter & Gamble, GOJO, Johnson & Johnson Consumer 
Companies Inc., and Milton Pharmaceutical Co. 

ACI named  
“Association of the Year” 
The Cleaning for a Reason Foundation, a nonprofit charitable orga-
nization that provides free housecleaning to US women undergo-
ing treatment for cancer, honored the American Cleaning Institute® 
(ACI) with its Association of the Year Award in October 2012. The 
Foundation is based in Lewisville, Texas, USA.

“Since 2008, the American Cleaning Institute has been a strong, 
effective, and strategic partner with Cleaning for a Reason,” said the 
group’s president and founder, Debbie Sardone. “They have raised 
our foundation’s profile throughout the cleaning products indus-
try and helped us gain critically important financial support in the 
business community. We are very grateful for their continued work 
on our behalf.”

To date, Cleaning for a Reason has worked with more than 
1,000 cleaning service providers who have performed 12,000 free, 
professional house cleanings to improve the lives of women under-
going cancer treatment. That reflects over $3 million worth of 
donated cleaning services.

ACI recently presented a check to the foundation for $18,000, 
much of which was raised during charitable events at ACI’s Annual 
Meeting & Industry Convention. ACI is a trade association based 
in Washington, DC, USA, and was formerly known as The Soap & 
Detergent Association.

Dow and DuPont 
announce cutbacks
The Dow Chemical Co. (Midland, Michigan, USA) announced in 
October 2012 that it will close roughly 20 manufacturing facilities 
in the United States, Belgium, the Netherlands, Spain, the United 
Kingdom, and Japan. Dow also said it will slash about 2,400 jobs 
as part of a restructuring plan aimed at coping with slowing eco-
nomic growth.

The cuts amount to about 5% of the company’s workforce 
worldwide, according to a statement from Dow, which added that 
the actions are expected to result in approximately $500 million of 
annual operating cost savings by the end of 2014. Further reduc-
tions in capital spending and investments are expected to save an 
additional $500 million. Altogether, the company said it expects to 
save $2.5 billion.

“The reality is, we are operating in a slow-growth environ-
ment in the near term and, while these actions are difficult, they 
demonstrate our resolve to tightly manage operations particularly 
in Europe and mitigate the impact of current market dynamics,” 
Andrew Liveris, Dow’s chairman and CEO, said in a statement.

DuPont Co. also announced a restructuring plan at the end 
of October 2012 that included 1,500 layoffs after its earnings fell 
short of expectations. “For the quarter, volumes were down in all 
regions except Latin America, led by a 10% decline in the Asia-
Pacific region,” the Associated Press (AP) news service reported. 
DuPont’s sales for the previous quarter dropped 15% in Asia-Pacific 
and the Europe, Middle East, and Africa region, the report noted.

FTC releases green 
marketing guidelines
The US Federal Trade Commission (FTC) has updated its envi-
ronmental marketing guidelines, or Green Guides, for the first time 
since 1998 (see http://tinyurl.com/green-guide-FTC). 

“Very few products, if any, have all the attributes consumers 
seem to perceive from such claims, making these claims nearly 
impossible to substantiate,” the commission said.
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The Green Guides do not address products that claim to be 
organic, sustainable, or “natural.” Organic products are covered by 
regulations set by the US Department of Agriculture. As for products 
claiming to be sustainable or natural, the commission said it had no 
way to define and substantiate those claims. 

According to the guidelines, products claiming to be biodegrad-
able must “completely break down and return to nature” within one 
year. Further, companies must conduct life cycle analyses to prove, 
for instance, that damage done by long-distance shipping does not 
outweigh the benefits of using recycled material. The guidelines also 
caution about the use of certifications and seals that purportedly 
document a product’s claims. 

“A marketer’s use of an environmental certification or seal of 
approval likely conveys that the product offers a general environ-
mental benefit if the certification or seal does not convey the basis 
for the certification or seal, either through the name or some other 
means,” the guidelines state. 

“Because it is highly unlikely that marketers can substantiate 
general environmental benefit claims, marketers should not use 
environmental certifications or seals that do not convey the basis 
for the certification.”

“Every marketer ought to be looking at [the guidelines] care-
fully,” Christopher A. Cole, a partner in the advertising and market-
ing practice at the law firm Manatt, Phelps & Phillips in New York 
City, told The New York Times. “These are not laws, but they are guid-
ance. You ignore them at your peril.”

Production breakthroughs 
for ethylene glycol
A metal-organic compound encapsulated in the nanosized pores of 
a crystalline solid selectively converts epoxides to diols in high yield 
under mild reaction conditions and with far less need for excess 
reagents, according to researchers at China’s Dalian Institute of 

Chemical Physics. The finding may help reduce costs and energy use 
in the production of ethylene glycol and related products.

Ethylene glycol and other diols are key starting materials used 
to manufacture polyester resins, antifreeze, cosmetics, liquid deter-
gents, surfactants, paints and coatings, and other products. Glycols 
are typically produced commercially via hydration of epoxides. 

Ethylene glycol, for example, is made industrially through reac-
tion of ethylene oxide and water, usually at elevated temperatures 
and in the presence of a 20-fold or larger excess of water. Those 
conditions lead to high, selective conversion of ethylene oxide to 
ethylene glycol. 

But because of the large water excess, the product solution typi-
cally contains only 10 wt% ethylene glycol, which has a boiling point 
of 197°C. The diol must be separated through energy-intensive dis-
tillation. Researchers have evaluated various alternative catalytic 
reactions, but they produce ethylene glycol nonselectively if the 
water-to-ethylene oxide ratio is less than 10.

The Dalian team, which was led by Bo Li, reports development 
of a catalyst that converts ethylene oxide to ethylene glycol readily 
at greater than 98% selectivity under mild conditions (40°C) at a 
water-to-ethylene oxide ratio of less than two. They report similar 
results for several epoxides.

The team prepared the catalyst, a Co3+ complex with the chelat-
ing ligand salen, by encapsulating the metal-organic compound in 
FDU-12, a nonporous silica material. They show that closely con-
fining multiple catalyst molecules in the nanopores greatly enhances 
catalytic performance. The group narrowed the nanopore entrances 
via silylation reactions to prevent the catalyst from being leached 
from the silica by the reaction solution.

The work has “strong potential for industrial application,” 
says Zaiku Xie, director general of research at Sinopec, a major oil 
company in China. Because the catalyst is encapsulated in a solid, it 
is easily separated from the product and recycled, further enhancing 
the green and sustainable appeal of this work, he adds.

The study appeared in the journal Angewandte Chemie (doi: 
10.1002/anie.201203774, 2012). n
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Cantrill appointed  
chief science officer
Richard Cantrill is now chief science officer 
and technical director of AOCS, reporting 
directly to Patrick Donnelly, CEO of AOCS. 

“Cantrill is responsible for all Technical 
Services activities including methods devel-
opment and maintenance, laboratory profi-
ciency, and accreditation. His special emphasis 
is on horizontal method development of food standards and special 
liaison with governmental and nongovernmental organizations,” 
said Donnelly.  

Cantrill joined AOCS in 1996 as technical director. “With 
more than 35 years of experience in lipid science and technology, he 
has been instrumental in the AOCS official methods program and 
influential in industry collaboration for food safety, food quality, 
and global trade,” added Donnelly.

Cantrill earned a B.Sc. in biochemistry with special honors 
and a Ph.D. in brain lipid synthesis from the University of Sheffield 
(UK). He is a member of the Food Ingredients Expert Committee 
of the Food Chemicals Codex, a member of the Joint Expert Com-
mittee on Food Additives and Contaminants of the United Nations’ 
Food and Agricultural Organization and World Health Organiza-
tion, and represents AOCS on a number of International Orga-
nization for Standardization and other international committees.

EuroFedLipid news
At the Euro Fed Lipid Congress held September 23–26, 2012, in 
Kraków, Poland, AOCS member Christopher Dayton of Bunge 
(White Plains, New York, USA) presented the opening lecture, 
entitled “The biotechnology processing revolution in fats and oils.” 
The European Lipid Technology Award was presented to AOCS 
member Frank Veldkamp, of Mahle Industrial Filtration (Lochem, 
Netherlands). He talked on “Filtration: then and now. What’s new?”

Florence Lacoste of ITERG (Pessac, France) received the 
Chevreul Medal, sponsored by the Société française pour l’étude 
des lipides, during the congress. Lacoste talked on “Undesirable 
substances in vegetable oils: anything to declare?” Other lectures 
included “Modern fats and the modern mind: mealtimes and 
mental illness,” given by Joseph R. Hibbeln (National Institute 
on Alcohol Abuse and Alcoholism–National Institutes of Health, 
Bethesda, Maryland, USA), who won this year’s Normann Medal; 
and “Lipid-mediated signaling as a source of new medicine,” pre-
sented by Daniele Piomelli (University of California, Irvine, USA), 
winner of this year’s European Lipid Science Award.

New officers for SEA 
The Solvent Extractors’ Association (SEA) of India announced 
their officers for the years 2012–2013 at the end of the third quarter, 
2012. President is Vijay Data, who also serves as managing direc-
tor of Vijay Solvex Ltd., of Alwar, Rajasthan. The new vice president 

people news 
INSIDE AOCS

the aocS asian section leadership meeting was held on october 29, 2012, in Sonoma, california, uSa, in conjunction 
with the meeting of the international Society of Biocatalysis and agricultural Biotechnology. those in attendance were 
(left to right) ching Hou, Suk Hoo Yoon, Vic Huang (chair of the asian section), and Kazuo Miyashita.
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CORPORATE MEMBER PROFILE

is Pravin S. Lunkad, chief executive o�  cer of Pranav Agro Indus-
tries Ltd., Pune, Maharashtra. Serving as secretary is Nimish K. 
Patel, who is managing director of N.K. Industries Ltd., Ahmedabad, 
Gujarat, and Anil Modi, managing director of Modi Naturals Ltd., 
Pilibhit, U  ar Pradesh, is treasurer. 

New ti tle for Richar
AOCS member Tom Richar’s new title is Associate Principal Scien-
tist with Mondelez International. He describes his responsibilities as 
“same job—di� erent company name,” re� ecting the division of Kra�  
Foods on October 2, 2012, into Kra�  Foods and Mondelez Interna-
tional. � e slimmed-down Kra�  Foods is still involved in consumer 
packaged food and beverages; meanwhile Mondelez is concentrat-
ing on snack foods. Market predictions are that Mondelez is well 
positioned to grow at an annual rate of 13% over the next � ve years 
(h  p://tinyurl.com/mondelez-growth). 

Spackler named CEO at AGP
� e Board of Directors of Ag Processing Inc. (AGP) named Keith 
Spackler as its chief executive o�  cer and general manager in Septem-
ber. He had been serving as the cooperative’s chief � nancial o�  cer 
and group vice president. He succeeded Marty Reagan, who retired. 
Spackler joined AGP in 1985 as manager of business analysis and 
over the past 27 years has served in various positions of leadership 
at the cooperative.

AGP, headquartered in Omaha, Nebraska, USA, is the largest 
farmer‐owned soybean processor in the world. It is owned by 180 
local and regional cooperatives representing over 200,000 farmers 
from 16 states throughout the United States.

Mecpro recognized
EEPC India (formerly, Engineering Export Promotion Council) 
presented its Export Performance Award to Mecpro Heavy Engi-
neering Limited at a function on September 28, 2012. � e award 
was accepted by AOCS member Rajan Skhariya, managing director 
for Mecpro, from Sukhbir Singh Badal, Chief Minister, Punjab for 
its export performance during the year 2009–2010. Mecpro (New 
Delhi, India) is a turnkey plant and machinery supplier and technol-
ogy provider in the edible oil industry. It has successfully executed 
over 160 projects, both in India and abroad, during the last 26 years 
of its existence.

This profi le has been provided by the following Bronze Level AOCS Corporate Member:

Canadian Food Inspecti on Agency
960 Carling Avenue 
Central Experimental Farm, Building #22

Ott awa, Ontario, Canada K1A 0C6
Web: www.inspecti on.gc.ca 
Email: angela.sheridan@inspecti on.gc.ca

The aim of the Canadian Food Inspecti on Agency (CFIA) is to excel 
as a science-based regulator, trusted and respected by Canadians 
and the internati onal community. As such, CFIA is dedicated to safe-
guarding food, animals, and plants, which enhances the health and 
well-being of Canada’s people, environment, and economy. 

CFIA uses a risk-based approach to verify that domesti cally 
produced and imported products meet Canadian standards and 
regulati ons. Compliance and enforcement acti ons occur all along 
the supply chain, and they involve numerous stakeholders and 
jurisdicti ons. Laboratory testi ng takes place from coast to coast in 
Internati onal Organizati on for Standardizati on/Internati onal Elec-
trotechnical Commission 17025-accredited laboratories.

The creati on of the CFIA in 1997 clearly reinforced the division 
of federal powers between the Minister of Agriculture and Agri-
Food, and the Minister of Health. The Minister of Agriculture and 

Agri-Food, through the CFIA, is responsible for animal and plant 
health standards and related inspecti on acti viti es. With regard to 
food, the CFIA conducts all federal food inspecti on acti viti es while 
Health Canada establishes policies and standards relati ng to the 
safety and nutriti onal quality of food sold in Canada. In additi on, 
Health Canada assesses the eff ecti veness of the CFIA’s acti viti es 
related to food safety.

CFIA parti cipates in AOCS through testi ng of the authenti c-
ity of fats and oils, analysis of animal feeds and feed ingredients 
through microscopy, and testing of foods for the verification of 
nutriti on labeling.

As a benefi t of corporate membership in AOCS, companies are enti -
tled to provide a 250-word profi le for inclusion on a space-availa-
ble basis in Inform magazine. For more informati on, contact Nicole 
Philyaw at nicolep@aocs.org.

Phone: +1 613-759-1269
Fax: +1 613-759-1260

CONTINUED ON NEXT PAGE

Presentati on of Export Performance Award to Mecpro Heavy Engineer-
ing Ltd. (left  to right: Aman Chadha, chairman, EEPC; Singh Badal, chief 
minister, Punjab; Kamna Raj Agarwal, regional chairperson (Northern 
Region); Sukhbir; and Rajan Skhariya, managing director, Mecpro.
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New appointment 
at Eurofins QTA
Eddie Hall became sales manager, renewable fuels for Eurofins QTA, 
Cincinnati, Ohio, USA, during the third quarter. He reports to AOCS 
member Kangming Ma. Hall joined QTA in 2003 and has been 
serving as technical support specialist until this new appointment. 
His responsibilities will include expanding QTA’s presence in renew-
able fuel and related market segments.

France joins CPM 
Roskamp Champion
Martin France joined CPM Roskamp Champion (Waterloo, Iowa, 
USA) as an oilseed application specialist in September 2012. His 
primary responsibilities are providing sales, field, and service support 
to US and Canadian oilseed customers. He will perform equipment 
audits; provide instruction and training; oversee equipment setups 

and startups; and provide equipment upgrade recommendations for 
Roskamp Champion’s oilseed preparation equipment.

Roskamp makes flaking mills and cracking mills and Cham-
pion produces hammermills used in the oilseed processing industry.

Rotsaert now COO of Solazyme
In October Jean-Marc Rotsaert moved from AAK, where he was 
the president and CEO of the US business, to Solazyme, Inc. (South 
San Francisco, California, USA). In his new position Rotsaert is the 
company’s chief operating officer (COO). In that role, he will be 
responsible for leading Solazyme’s operations, including the contin-
ued expansion of the tailored oils sales and marketing organization 
with a focus on the industrial and nutritional markets. 

Commenting on this hiring, Jonathan Wolfson, CEO of Sola-
zyme, said, “Jean-Marc is a proven leader who has a deep understand-
ing of the international and domestic triglyceride oils market. His 
impressive track record of success in leading business through rapid 
growth is ideally suited for Solazyme at a time when we are scaling 
our commercial operations.” n

april 3–4, 2013. aocS oils and Fats World Market 
update 2013, ukrainian House, Kiev, ukraine. infor-
mation: email: meetings@aocs.org; phone: +1 217-693-
4821; fax: +1 217-693-4865; http://worldmarket.aocs.org

april 28–May 1, 2013. 104th aocS annual Meeting & 
expo, palais des congrès de Montréal, Montréal, Qué-
bec, canada. information: email: meetings@aocs.org; 
phone: +1 217-693-4821; fax: +1 217-693-4865; http://
annualMeeting.aocs.org

July 16–17, 2013. aocS technical Services Workshop: 
Laboratory Methods, des Moines, iowa, uSa. informa-
tion: gina clapper (email: ginac@aocs.org).

august 20–23, 2013. 15th Latin american congress and 
exposition on Fats and oils, Sheraton Santiago Hotel 
and convention center, Santiago, chile. information: 
email: meetings@aocs.org; phone: +1 217-693-4821; 
fax: +1 217-693-4865; http://lacongress.aocs.org

May 4–7, 2014. 105th aocS annual Meeting & expo, 
the Henry B. gonzalez convention center, San antonio, 
texas, uSa. information: phone: +1 217-693-4821; fax: 

+1 217-693-4865; email: meetings@aocs.org; http://
aocs.org/meetings

october 6–9, 2014. Montreux 2014: World conference 
on Fabric and Home care, Montreux Music & conven-
tion centre, Montreux, Switzerland. information: email: 
meetings@aocs.org ; phone: +1 217-693-4821; fax: +1 
217-693-4865; http://Montreux.aocs.org

May 3–6, 2015. 106th aocS annual Meeting & expo, 
Rosen Shingle creek, orlando, Florida, uSa. informa-
tion: phone: +1 217-693-4821; fax: +1 217-693-4865; 
email: meetings@aocs.org; http://aocs.org/meetings

aocs MEETING WATCH

Be sure to visit aocS’ online listing of industry events 
and meetings at http://tinyurl.com/industry-calendar. 
Sponsoring organizations can submit information about 
their events to the web-based calendar by clicking a 
link and completing a webform. Submission is free. no 
third-party submissions, please. if you have any ques-
tions or comments, please contact aocS Marketing at 
valoried@aocs.org.
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Techniques of Lipidology:  
Isolation, Analysis and Identification  

of Lipids, Third Edition 
Morris Kates, newport Somerville innovation, 

Ltd., 2010
422 pages, $235.87, iSBn 978-0-9813757-0-0

this is the third edition of Techniques of Lipi-
dology: Isolation, Analysis and Identifica-
tion of Lipids; the second appeared in 1984. 
although several excellent textbooks on lipid 
analysis were published in the mid-2000s, 
this review will be a discussion of the salient 
points of the Kates text. 

The book covers lipid analysis in depth, but the focus is on lipid 
biochemistry rather than, for example, on food chemistry. Its seven 
chapters cover lipid classification, analytical instrumentation, extrac-
tion, general analytical techniques, separations, radioisotope tech-
niques, and the identification of specific lipid components. The first 
chapter is long: 80 pages. It contains ~200 structural diagrams of various 
simple and complex lipids. There are numerous references that indicate 
where many of the complex and unusual lipid components were first 
identified. Several tables on various lipids groups are included. 

This initial chapter is followed by a short introductory chapter 
(~14 pages) on instrumentation that includes one or more vendors 
for each instrument. The second brief chapter (~10 pages) focuses 
on classical extraction techniques. Additional information on the new 
instrumental extraction techniques would have been helpful (such as 
supercritical fluids, automated and accelerated solvent extraction, and 
the like). Chapter 2 is short. It begins with brief discussions on very 
basic techniques, including solvents, glassware, rotary evaporators, and 
stirrers. It ends with a series of short discussions on several analytical 
instruments, their desired specifications, and a list of several vendors 
that could supply the equipment. The third chapter on extraction is very 
brief as well. The chapter covers sample types, with a focus on biological 
samples (microbial cells, animal tissues, plant tissues, blood cells, egg 
yolks, storage lipids, and so forth). If you work with biological samples, 
this chapter could be helpful, although the references are limited and 
out of date. None of the new supercritical fluid or accelerated solvent 
extraction techniques are discussed.  

Chapter 4 is long and detailed (~70 pages) with a wealth of 
information on a wide variety of lipid component analyses, includ-
ing plasmalogens, N-acyl-containing lipids, glycerol ethers, and sul-
fur-containing lipid material. It starts with good sections on nitrogen, 
sugar, cholesterol, and the like and quickly advances to the analysis of 

complex lipid components or component mixtures. The chapter ends 
with informative subsections on ultraviolet-visible spectroscopy, infra-
red spectroscopy (IR), nuclear magnetic resonance (NMR), and mass 
spectroscopy (MS). If your main area of research includes lipid ana-
lytical biochemistry, this chapter makes the book worth purchasing. 

Chapter 5 covers the separation of lipid mixtures using methods 
that include solvent fractionation, various open column chromato-
graphic methods, high-performance liquid chromatography methods, 
various thin-layer chromatography methods, gas-liquid chromatogra-
phy methods—primarily qualitative and quantitative analysis, rather 
than fractionation—finishing with a short section on MS. 

Chapter 6 covers a very important analytical tool widely used in 
biochemistry: radioisotopes. The chapter starts with a list of available 
radioisotope-labeled precursors for metabolic labeling of lipids, and 
that is followed by several methods for synthesizing various radioac-
tively labeled lipid components. Another technique discussed is the 
production of radioactively labeled lipid components produced via the 
growth of the appropriate bacteria, yeast, algae, higher plant, or cell/
tissue culture. The radioactivity measurement of the labeled lipids is 
discussed briefly.  

The final chapter is a long discourse (~100 pages) on the identifica-
tion of individual lipids and lipid components. Included are numerous 
details on the identification of lipid classes, using methods to identify 
double-bond position/configuration. Individual moieties contained 
in fatty alcohols, long-chain ketones, long-chain aldehydes, free fatty 
acids, various lipid esters, and glycerol ethers are addressed. The analy-
sis of complex polar lipids from various sources (microbial, plant, and 
animal) is discussed. A variety of analytical techniques are covered in 
detail, including NMR, IR, and MS. Enzymatic methods used to help 
fully identify lipid components and moieties are discussed as well. The 
chapter ends with subsections on the analysis of various complex lipids, 
such as sphingolipids and cerebrosides. More than 800 references on 
lipid analysis are listed at the end of the book. 

The book would be useful for those interested in lipid biochem-
istry and related analyses. It is not a food lipid analysis text; rather it 
is focused on analytical biochemistry in the area of lipid chemistry. n

 book REvIEW

william e. artz has been an aocs member since the late 
1970s and has nearly 30 years of experience in fat/oil chem-
istry and research. 

publications
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DISTILLATES

 

Journal of the American Oil 
Chemists' Society (november)

 ■ analysis of sesamin, asarinin, and sesamolin by HpLc with 
photodiode and fluorescent detection and by gc/MS: appli-
cation to sesame oil and serum samples, Schwertner, H.a., 
and d.c. Rios

 ■ Monitoring the epoxidation of canola oil by non-aqueous 
reversed phase liquid chromatography/mass spectrometry 
for process optimization and control, anuar, S.t., Y.Y Zhao, 
S.M. Mugo, and J.M. curtis

 ■ oxidative stabilities of enzymatically interesterified fats con-
taining conjugated linoleic acid, adhikari, p., p. Hu, and Z. Yafei

 ■ Lipase-catalyzed acidolysis of olive oil with Echium oil stea-
ridonic acid: optimization by response surface methodol-
ogy, Bilgiç, S., and n.S Yeşilçubuk 

 ■ iron oxide catalysts supported on porous silica for the pro-
duction of biodiesel from crude jatropha oil, Suzuta, t., M. 
toba, Y. abe, and Y. Yoshimura

 ■ Biocatalytic conversion of coconut oil to natural flavor esters 
optimized with response surface methodology, Sun, J., J.H. 
chin, W. Zhou, B. Yu, p. curran, and S.-Q. Liu

 ■ Lipase-catalyzed concentration of stearidonic acid in modi-
fied soybean oil by partial hydrolysis, Kleiner, L., L. Vázquez, 
and c.c. akoh

 ■ physico-chemical properties of marine phospholipid emul-
sions, Lu, F.S.H., n.S. nielsen, c.p. Baron, L.H.S. Jensen., and 
c. Jacobsen 

 ■ Fatty acid composition of non-starch and starch neutral lipid 
extracts of portuguese sourdough bread, Rocha, J.M., p.J. 
Kalo, and F.x. Malcata

 ■ improving fatty acid composition of lipids synthesized by 
Brachionus plicatilis in large-scale experiments, Birkou, M., 
d. Bokas, and g. aggelis 

 ■ Water-blown rigid biofoams from soy-based biopolyure-
thane and microcrystalline cellulose, Luo, x., a. Mohanty, 
and M. Misra 

 ■ properties of biobased epoxy resins from epoxidized soybean 
oil (eSBo) cured with maleic anhydride (Ma), españa, J.M., 
L. Sánchez-nacher, t. Boronat, V. Fombuena, and R. Balart 

 ■ controlling product composition of metathesized triolein 
by reaction concentrations, Li, S., L. Hojabri, and S.S. narine 

 ■ analysis of ceramides in soy sauce oil, Yamaguchi, H., and 
Y. ogawa 

 ■ preparation and characterization of sustainable polyure-
thane foams from soybean oils, gu, R., S. Konar, and M. Sain 

 ■ a visual titration method for the determination of the acid 
number of oils and fats: a green alternative, aricetti, J.a., 
and M. tubino

 ■ effect of support acidic properties on sulfur tolerance of pd 
catalysts for partial hydrogenation of rapeseed oil-derived 
FaMe, numwong, n., a. Luengnaruemitchai, n. chollacoop, 
and Y. Yoshimura 

Characterization of lipids and 
lignans in brewer’s spent grain and 
its enzymatically extracted fraction
Niemi, P., et al., J. Agric. Food Chem. 60: 9910–9917, 2012.

Brewer’s spent grain (BSG), the major side stream of brewing, 
consists of the husks and the residual parts of malts after the mashing 
process. BSG was enzymatically fractionated by a two-step treat-
ment with carbohydrate- and protein-degrading enzymes, which 
solubilized 66% of BSG. BSG contained 11% lipids, which were 
mostly triglycerides, but also a notable amount of free fatty acids 
was present. Lipids were mostly solubilized due to the alkaline pH 
applied in the protease treatment. The main fatty acids were lin-
oleic, palmitic, and oleic acids. Several lignans were identified in 
BSG, syringaresinol and secoisolariciresinol being the most abun-
dant, many associated with the cell wall matrix and released by the 
alkaline-protease treatment.

Antioxidants and physical 
integrity of lipid bilayers 
under oxidative stress
Liang, R., et al., J. Agric. Food Chem. 60:10331–10336, 2012.

Giant unilamellar vesicles (GUVs of diameter 5–25 μm) of soy 
phosphatidylcholine (PC), resistant to intense light exposure (400–
440 nm, ~15 mW·mm–2), underwent budding when containing 
chlorophyll a (Chla) in the lipid bilayer ([PC]/[Chla] = 1500:1). 
On the basis of image heterogeneity analysis using inverted micros-
copy, a dimensionless entropy parameter for the budding process 
was shown to increase linearly during an initial budding process. 
Lipophilic β-carotene (β-Car; [PC]/[β-Car] = 500:1) reduced the 
initial budding rate by a factor of 2.4, while the hydrophilic glycoside 
rutin ([PC]/[rutin] = 500:1) had no effect. Chla photosensitized 
oxidation of PC to form linoleoyl hydroperoxides, further leading 
to domains of higher polarity in the vesicles, is suggested to trigger 
budding. The average dipole moment (μ) of linoleic acid hydroper-
oxides was calculated using density functional theory (DFT) to have 
the value of 2.84 D, while unoxidized linoleic acid has μ = 1.86 D. 
β-Carotene as a lipophilic antioxidant and singlet-oxygen quencher 
seems to hamper oxidation in the lipid bilayers and delay budding in 
contrast to rutin located in the aqueous phase. The effect on budding 
of GUVs as a detrimental process for membranes is suggested for 
use in assays for evaluation of potential protectors of cellular integ-
rity and functions under oxidative stress.

continued on page 40
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Lipids (november)

 ■ docosahexanoic acid improves chemotherapy efficacy by 
inducing cd95 translocation to lipid rafts in eR– breast can-
cer cells, ewaschuk, J.B., M. newell, and c.J. Field

 ■ Fish oil supplementation reduces cachexia and tumor growth 
while improving renal function in tumor-bearing rats, coelho, 
i., F. casare, d.c.t. pequito, g. Borghetti., R.K. Yamazaki, et al.

 ■ oleic acid attenuates trans-10,cis-12 conjugated linoleic 
acid-mediated inflammatory gene expression in human 
adipocytes, Reardon, M., S. gobern, K. Martinez, W. Shen, 
t. Reid, et al.

 ■ High serum palmitic acid is associated with low antiviral 
effects of interferon-based therapy for hepatitis c virus, 
Miyake, t., Y. Hiasa, M. Hirooka, Y. tokumoto, t. Watanabe, 
et al.

 ■ decreased plasma cholesterol concentrations after puFa-
rich diets are not due to reduced cholesterol absorption/
synthesis, Ramprasath, V.R., p.J.H. Jones, d.d. Buckley, L.a. 
Woollett, and J.e. Heubi

 ■ Key fatty acid combinations define vascular smooth mus-
cle cell proliferation and viability, St-denis, c., i. cloutier, 
and J.-F. tanguay

 ■ In-vitro toxicological and proteomic analysis of furan fatty 
acids which are oxidative metabolites of conjugated linoleic 
acids, Lengler, i., t. Buhrke, e. Scharmach, and a. Lampen

 ■ transcriptional regulation of desaturase genes in Pichia pas-
toris gS115, Yu, a.-Q., t.-L. Shi, B. Zhang, L.-J. xing, M.-c Li.

 ■ Fast transmethylation of serum lipids using microwave 
irradiation, Lin, Y.H., J.d Loewke., d.Y. Hyun, J. Leazer, and 
J.R. Hibbeln 

Journal of Surfactants and 
Detergents (november)

publications

 ■ Mechanistic studies of particulate soil detergency: ii: hydro-
philic soil removal, Rojvoranun, S., S. chavadej, J.F. Scame-
horn, and d.a. Sabatini

 ■ application of rhamnolipid in the formulation of a deter-
gent, Bafghi, M.K., and M.H. Fazaelipoor

 ■ Synthesis of didodecylmethylcarboxyl betaine and its appli-
cation in surfactant–polymer flooding, cui, Z.-g., x.-R. du, 
x.-m. pei, J.-z. Jiang, and F. Wang

 ■ effect of mixed nanobubble and microbubble liquids on 
the washing rate of cloth in an alternating flow, ushida, 
a., t. Hasegawa, n. takahashi, t. nakajima, S. Murao, et al.

 ■ Synthesis and surface active properties of a novel linear 
dodecyl diphenyl ether sulfonate gemini surfactant, Hujun, 
x., L. Qicheng, c. dandan, and L. xiaoya

 ■ Synthesis, characterization and properties of new lauryl 
amidopropyl trimethyl ammoniums, Liu, H., F. Li, B. xu, g. 
Zhang, F. Han, et al.

 ■ Synthesis and surface properties study of a series of cat-
ionic surfactants with different hydrophobic chain lengths, 
Badache, L., Z. Lehanine, and W.n. abderrahmane

 ■ Synthesis, surface active, and thermodynamic parameters 
of novel quaternary ammonium salts, asadov, Z.H., R.a. 
Rahimov, g.a. ahmadova, and K.a. Mammadova

 ■ effect of long-chain length on the surface activities of zwit-
terionic imidazolium-based surfactants: 1-carboxymethyl-
3-alkylimidazolium inner salts, ni, B.-q., J. Hu, x.-f. Liu, H. 
chen, and Y. Fang

 ■ Synthesis, surface, thermodynamic properties of some 
biodegradable vanillin-modified polyoxyethylene surfac-
tants, Sayed, g.H., F.M. ghuiba, M.i. abdou, e.a.a. Badr, 
S.M. tawfik, et al.

 ■ Surface activity and cleavability of gemini surfactants 
featuring hydrophilic spacer groups, Su, S.-K., L.-H. Lin, 
and Y.-c. Lai

 ■ 2-[(E)-{(1S,2R)-1-hydroxy-1-phenylpropan-2-ylimino}
methyl]phenol for inhibition of acid corrosion of mild steel, 
Kesavan, d., M.M. tamizh, n. Sulochana, and R. Karvembu

 ■ thermodynamics of micellization of sulfobetaine surfac-
tants in aqueous solution, cheng, c.-j., g.-m. Qu, J.-j. Wei, 
t. Yu, and W. ding

 ■ effect of organic additives on the phase separation phe-
nomenon of amphiphilic drug solutions, Rub, M.a., a.M. 
asiri, d. Kumar, a. Khan, a.a.p. Khan, et al.

 ■ Surface and solution properties of amphiphilic drug-non-
ionic surfactant systems, Kabil-ud din, g.a. al-dahbali, 
a.Z. naqvi, and M. akram

 ■ adsorption, desorption, and adsolubilization properties of 
mixed anionic extended surfactants and a cationic surfac-
tant, panswad, d., d.a. Sabatini, and S. Khaodhiar

 ■ effects of dodecyl trimethyl ammonium bromide surfac-
tant on decolorization of Remazol Blue by a living Asper-
gillus versicolor strain, gül, Ü.d., and g. dönmez

 ■ determination of sodium dodecyl sulfate (SdS) and bio-
surfactants sorption and transport parameters in clayey 
soil, Harendra, S., and c. Vipulanandan

 ■ comment on “degradation of two persistent surfactants 
by uV-enhanced ozonation,” Heinze, J.e.

aocs 
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Interactions between α-tocopherol 
and rosmarinic acid and its alkyl 
esters in emulsions: synergistic, 
additive, or antagonistic effect?
Panya, A., et al., J. Agric. Food Chem. 60:10320–10330, 2012.

Many antioxidants can interact to produce synergistic inter-
actions that can more effectively inhibit lipid oxidation in foods. 
Esterification of rosmarinic acid produces a variety of compounds 
with different antioxidant activity due to differences in polarity and 
thus differences in partitioning in oil, water, and interfacial regions 
of oil-in-water (O/W) emulsions. Therefore, rosmarinic acid and 
rosmarinate esters provide an interesting tool to study the ability of 
antioxidant to interact in O/W emulsions. In O/W emulsions, ros-
marinic acid (R-0) exhibited the strongest synergistic interaction 
with α-tocopherol while butyl (R-4) and dodecyl (R-12) rosmarinate 
esters exhibited small synergistic interaction and eicosyl rosmarinate 
esters (R-20) exhibited slightly antagonistic interaction. Fluores-
cence quenching and electron paramagnetic resonance (EPR) studies 
showed that water-soluble rosmarinic acid (R-0) exhibited more inter-
actions with α-tocopherol than any of the tested esters (R-4, R-12, 
R-20). This was also confirmed in O/W emulsions where R-0 altered 
the formation of α-tocopherol quinone and α-tocopherol increased 
the formation of caffeic acid from R-0. This formation of caffeic acid 
was proposed to be responsible for the synergistic activity of R-0 and 
α-tocopherol since the formation of an additional antioxidant could 
further increase the oxidative stability of the emulsion.

Comparison of analytical 
and sensory lipid oxidation 
parameters in conventional 
and high-oleic rapeseed oil
Petersen, K.D., et al., Eur. J. Lipid Sci. Technol. 114:1193–1203, 2012.

Headspace-solid-phase microextraction–gas chromatography 
was used to identify in total 55 volatile lipid oxidation compounds in 
thermally stressed conventional and high-oleic rapeseed oil samples. 
Out of this profile, 17 volatile compounds with low odor thresh-
old values were selected as target compounds for the assessment of 
lipid oxidation in rapeseed and high-oleic rapeseed oils. Addition-
ally, other lipid oxidation parameters such as fatty acid composition, 
peroxide value, anisidine value, and induction time (Rancimat anal-
ysis) were determined. Multivariate statistical methods (principal 
component analysis in combination with agglomerative hierarchical 
cluster analysis) were applied to identify sensitive volatile lipid oxi-
dation indicators enabling the differentiation of rapeseed oil samples 
of different varieties (high-oleic vs. conventional). Moreover, these 
statistical methods were capable of differentiating rapeseed oils of 
different oxidative properties. Octanal and 3-octanone showed the 
highest ability to differentiate between samples of different rapeseed 
varieties, whereas propanal, E,E-2,4-hexadienal, and E-2-heptenal 
were most suitable in differentiating rapeseed oil samples with dif-
ferent oxidative properties from each other. Clustering of rapeseed 
oil samples according to their volatile compound composition was 
comparable with results of sensory duo-trio and paired comparison 

tests, but the analytical approach of the volatile compound analysis 
in combination with chemometric methods detected changes sooner 
in relation to the flavor composition of rapeseed oils and high-oleic 
rapeseed oil samples.

Influence of gut microbiota and 
manipulation by probiotics and 
prebiotics on host tissue fat: 
potential clinical implications
Wall, R., et al., Lipid Technol. 24:227–229, 2012.

The gut microbiota is considered as one of the most important 
environmental factors impacting host metabolism, contributing to 
variations in body weight, fat distribution, insulin sensitivity, and lipid 
metabolism. Modification of the gut microbiota by dietary interven-
tions such as probiotics and prebiotics may favorably affect host lipid 
metabolism. We have shown that microbial metabolism in the gut, 
and its manipulation by administered microbes, can influence fatty 
acid composition of a number of organs in the host. Furthermore, a 
prebiotic approach was shown to alter polyunsaturated fatty acids in 
white adipose tissue. Although a deeper knowledge of the interactions 
between members of the gut microbiota and fatty acids is needed, 
nutritional modulation of this complex community may represent a 
realistic target for modification of host fatty acid composition.

Influence of different cultivation 
methods on carbohydrate and lipid 
compositions and digestibility of 
energy of fruits and vegetables
Jørgensen, H., et al., J. Sci. Food Agric. 92:2876–2882, 2012.

Environmental as well as cultivation factors may greatly influ-
ence the chemical composition of plants. The main factors affecting 
the chemical composition of foodstuff are level and type of fertil-
izer (conventional and organic cultivation systems), location or soil 
type, and year of harvest. Organic foods are defined as products that 
are produced under controlled cultivation conditions characterized 
by the absence of synthetic fertilizers and very restricted use of pes-
ticides. Very limited information is available regarding the impact of 
organic cultivation systems on the composition of carbohydrates and 
fatty acids of fruits and vegetables. The objective was to investigate the 
influence of organic and conventional cultivation systems on the car-
bohydrate and fatty acid composition and digestibility of the energy 
of apple, carrot, kale, pea, potato, and rapeseed oil. Carbohydrate and 
lignin values ranged from 584 g kg−1 dry matter (DM) in kale to 910 g 
kg−1 DM in potato, but with significant differences in the proportion 
of sugars, starch, non-starch polysaccharides, and lignin between the 
foodstuffs. Triacylglycerol was the major lipid class in pea, with 82% 
of total fatty acids, as opposed to apple, with only 35% of fatty acids 
of the ether extract. The most important factor influencing the digest-
ibility of energy, and consequently fecal bulking, was the content of 
dietary fiber. The cultivation system had minor impact on the carbo-
hydrate and lipid composition in the investigated foodstuffs or on the 
digestibility of energy when assessed in the rat model. Fecal bulking 
was related to dietary fiber in a linear fashion. n
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Apparatus and method for properly 
pre-measuring turkey frying oil 
Jantz, E.L., US8256130, September 4, 2012

A way to safely fry turkeys by minimizing the hazard of over-
filling oil, the Turkey Frying Oil Gauge (TFOG) comprises a 
device and method to properly pre-measure the frying oil used 
to fry whole turkeys. The Turkey Frying Oil Gauge is dual scale 
selectable for pot diameter and turkey weight. The turkey frying 
pot rim is measured and the size is selected on the gauge bottom. 
The mast is then slid out to view the weight of the turkey to be 
fried. The gauge is then placed in the bottom of the pot and frying 
oil is placed in the pot to the top of the gauge. The oil gauge is 
removed, the oil heated and the turkey introduced without over-
flowing the oil onto the heating flames.

Multi-layer-core golf ball 
having highly-neutralized 
polymer outer core layer
Rajagopalan, M., and M.J. Sullivan, Acushnet Co., US8257201, 
September 4, 2012

A golf ball including an inner core layer formed from a ther-
moset rubber composition and having a first surface hardness; a 
thermoplastic outer core layer having a second surface hardness, 
an inner surface hardness, and being formed from a copolymer 
of ethylene and an α,β-unsaturated carboxylic acid, an organic 
acid or salt thereof, and sufficient cation source to fully neutral-
ize the acid groups of the copolymer; an inner cover layer; and an 
outer cover layer; wherein the first surface hardness is less than 
the second surface hardness by at least 5 Shore C and less than the 
inner surface hardness by at least 5 Shore C.

Etchant for etching metal wiring 
layers and method for forming thin 
film transistor by using the same
Chae, G.S., et al., LG Display Co. Ltd., US 8257609, September 
4, 2012

The present invention discloses an etchant for etching at least 
two different metal layers, the etchant comprising hydrogen perox-
ide (H2O2) and one of carboxylic acid, carboxylate salt, and acetyl 
group (CH3CO–). The present invention also discloses a method 
of fabricating a metal wiring on a substrate, the method comprising 
forming a first metal layer on a substrate, forming a second metal 
layer on the first metal layer, and simultaneously etching the first 
metal layer and the second metal layer with an etchant comprising 
hydrogen peroxide (H2O2) and one of carboxylic acid, carboxylate 
salt, and acetyl group (CH3CO–).

Microemulsion paint thinner
Hawes, C.L., et al., W.M. Barr & Co., US8257484, September 4, 
2012

A microemulsion paint thinner includes a hydrocarbon 
solvent, a glycol ether, a carboxylic acid, a base, and water, wherein 
the carboxylic acid is partially neutralized by the base. A process 
for thinning oil-based paint includes mixing uncured oil-based 
paint and the above composition.

Electrical cable for high voltage 
direct current transmission, 
and insulating composition
Perego, G., and E. Albizzati, Prysmian Cavi e Sistemi Energia 
S.R.L., US8257782, September 4, 2012

Cable for high-voltage direct current transmission having at 
least one conductor and at least one extruded insulating layer con-
sisting of a polymeric composition of a polyethylene and at least 
one unsaturated fatty acid. Insulating composition having a poly-
ethylene and at least one unsaturated fatty acid.

Composition for vulcanized rubber 
and vulcanization product
Otaka, T., et al., Daiso Co., Ltd., US8258222, September 4, 2012

A composition for epihalohydrin vulcanized rubber excellent 
in heat resistance while keeping good vulcanization rate and store 
stability, comprising (a) an epihalohydrin robber, (b) a metal soap, 
(c) an acid acceptor, and (d) a vulcanizing agent, the composition 
further preferably containing (e) a fatty acid for suppressing vul-
canization, or preferably containing (f) an alcohol for accelerat-
ing vulcanization.

Rubber composition 
for tire, and tire
Minagawa, Y., Sumitomo Rubber Industries, Ltd., US8258224, 
September 4, 2012

The present invention provides a rubber composition for a 
tire containing an epoxidized natural rubber, sulfur, and a fatty acid 
metal salt, in which the metal of the fatty acid metal salt is a metal 
belonging to Group 12, 13, or 14 of the periodic table. Here, the 
fatty acid metal salt is preferably at least one kind selected from 
the group consisting of zinc stearate, aluminum stearate, and tin 
stearate. Also, the present invention provides a tire manufactured 
by using the foregoing rubber composition for a tire.

 patents

publications

patent information is compiled by Scott Bloomer, 
a registered uS patent agent with archer daniels 
Midland co., decatur, illinois, uSa. contact him 
at scott.bloomer@adm.com.
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has a liaison relationship with SC 2, SC 4, SC 11, SC 16, and SC 17, 
providing further outlets for AOCS members’ comments. 

The ISO standards development process is beyond the scope of 
this article. For more on it, see the AOCS ISO/TC 34 Food Products 
Manual available at http://tinyurl.com/AOCS-Methods. This page has 
many other standards- and methods-related resources, such as discus-
sions on the determination of precision of analytical methods.

World Trade Organization (WTO). The WTO deals with the rules 
of trade between nations. Its main function is to ensure that trade flows 
as smoothly, predictably, and freely as possible. ISO, along with IEC 
(International Electrotechnical Commission) and ITU (International 
Telecommunication Union), has a “strategic partnership” with WTO. 
Organizations such as AOCS, which also produce methods in an open, 
consensus-drive manner, likewise provide standards for use by WTO.

Codex Alimentarius Commission (CAC). CAC, which was founded 
in 1963, is a joint project of two agencies of the United Nations: the 
Food and Agricultural Organization and the World Health Organi-
zation. In CAC’s own words, the organization “develops harmonized 
international food standards, guidelines, and codes of practice to protect 
the health of the consumers and ensure fair trade practices in the food 
trade. The Commission also promotes coordination of all food stan-
dards work undertaken by international governmental and nongov-
ernmental organizations.”

AOCS participates as an international nongovernmental and stan-
dard-developing organization in the Codex Committee on Fats and Oils 

(CCFO), which meets biannually. Critical to AOCS’ constituents are 
discussions on Named Vegetable Oils, Fish Oils and Olive Oil. AOCS 
also participates in the Codex Committee on Methods of Analysis and 
Sampling (CCMAS).

The Inter-Agency Meeting (IAM). AOCS serves as secretariat for 
IAM. This group organizes regular summits of international organiza-
tions working in the field of methods of analysis and sampling of food 
products and associated quality assurance measures prior to CCMAS 
meetings. There, they discuss mutual concerns and take positions on the 
CCMAS agenda. The group reports in the plenary sessions of CCMAS. 
Among the participants are AOAC International, AACC International, 
the European Committee for Standardization, ISO/TC 34, ISO Central 
Secretariat, and the International Dairy Federation. IAM also organizes 
an annual workshop prior to the CCMAS meeting, in tandem with the 
MoniQA Association. (MoniQA stands for Monitoring and Quality 
Assurance in the Total Food Supply Chain. MoniQA is hosted by the 
International Association for Cereal Science and Technology.)

Other work. AOCS also works on the standards harmonization 
efforts undertaken by several other organizations. These include ASTM 
International’s Technical Committee D02 (Petroleum Products and 
Lubricants) and D12 (Soaps and Other Detergents). 

Richard Cantrill, AOCS chief science officer and technical direc-
tor, is a member of the Food Chemicals Codex of the US Pharmacopeial 
Convention and the Joint FAO/WHO Expert Committee on Food 
Additives of the Codex Alimentarius Commission.

advantages of inteRnational 
standaRds
ISO has studied the economic and social benefits of standards, and they 
are many. For example, in Canada, growth in the number of standards 
accounted for 17% of the labor productivity growth rate and about 9% 
of the growth rate in economic output (real gross domestic product, or 
GDP) over the 1981 to 2004 period. “If there had been no growth in 
standards in this period,” noted Roger Frost in the ISO Focus magazine, 
“real GDP would have been CDN 62 billion lower.”

Ray Shillito, manager, Technical Coordination, Seeds and Traits/
Regulatory Science at BASF knows the advantages of participating 
in standard setting firsthand. Shillito currently serves as chairperson 
for ISO SC16. He says: “Having the right ISO standards in place is 
important for business as it encourages harmonized and practical policy 
outcomes. For example, standards for analytical methods are being 
developed by a broad range of experts. Involving experts from differ-
ent organizations ensures that ISO standards are pragmatic and support 
the smooth operation of international trade in food, feed, and fiber.”

“When you think about it,” notes AOCS’ Richard Cantrill, “our 
members have the opportunity to directly influence the quality and 
safety of goods that are bought and sold around the world.” 

For more information about participating in AOCS’ standards-
development efforts, contact Kimmy Farris, administrative manager 
for AOCS Technical Services, at kimmy.farris@aocs.org.

 supporting standards (cont. from page 15)   

catherine Watkins is associate editor of Inform and can be 
reached at cwatkins@aocs.org.

Items now being accepted for the 

18th Annual 
Silent Auction

April 28–May 1, 2013  |  Montréal, Québec, Canada

Donate your item(s) today to support this 
fundraising event to benefi t AOCS Student Programs! 

Need some ideas? These items are very popular:
 • Gift Baskets
 • Electronics and Lab Equipment
 • Handcrafted Art Pieces (photography, stained 

glass, paintings) 
 • Regional and Cultural items

The Auction is hosted by the AOCS Foundation and the Student 
Common Interest Group.  Donations are tax 
deductible to the extent provided by law.

For more information or to make a 
donation, contact Amy Lydic at AOCS, 
phone: +1-217-693-4807, 
email: amyl@aocs.org.

http://www.aocsfoundation.org/auction.cfm
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Candidates  
for 2013–2014

Ballots for the election of the american 
oil chemists’ Society governing Board 
members are being sent to eligible 
members by mail or email in december. 
completed ballots must be received 
(either electronically or via mail) at 
aocS Headquarters (p.o. Box 17190, 
urbana, iL 61803-7190 uSa) by Febru-
ary 15, 2013. the new officers will be 
installed during the 104th aocS annual 
Meeting & expo in Montréal, Québec, 
canada, on Monday, april 29, 2013.

pResident candidate
timothy g. kemper (1988): global 
technology director, Solvent extrac-
tion, desmet Ballestra group.

education: M.B.a., 2001, indi-
ana Wesleyan university; B.S., 1986, 
Mechanical engineering, university 
of cincinnati.

previous employment: presi-
dent and ceo, desmet Ballestra north 
america, 1999–2011; director of engi-
neering, the French oil Mill Machinery company, 1993–
1999; product manager, solvent extraction, the French 
oil Mill Machinery company, 1988–1992; project engi-
neer, the French oil Mill Machinery company, 1986–1987; 
engineering co-op, the French oil Mill Machinery com-
pany, 1982–1985.

aocs activities: Vice president, aocS governing 
Board, 2012–present; treasurer, aocS governing Board, 
2008–2012; member, ceo Search committee, 2011; mem-
ber, ceo contract committee, 2011; member, audit com-
mittee, 2008–present; member-at-large, aocS governing 
Board, 2006–2007; second vice chairperson, technical 
Steering committee (tSc), 2007; second vice chairperson, 
Financial Steering committee (FSc), 2006–2007; aocS 
annual Meeting & expo exhibitor, 1988–present; mem-
ber, processing division, 1994–present; member, process-
ing division Board, 1996–2002; session chairperson, aocS 

governing board 

annual Meeting & expo, 1996, 1998, 2000; presenter, aocS 
annual Meeting & expo and short courses, 1988–2010; 
winner, outstanding paper presentation, 1994, 2000; pre-
senter, World conference and exhibition on oilseed and 
Vegetable oil utilization, istanbul, turkey, 2002; presenter, 
Sodeopec, Fort Lauderdale, Florida, 2005; presenter, Latin 
american Section of aocS (La-aocS) Short course, Rosario, 
argentina, 2005; presenter, aocS Biodiesel Short course, 
Vienna, austria, 2007; presenter, Biodiesel conference, 
Munich, germany, 2009.

other: Member, Vistage ceo organization, 2005–pres-
ent; registered professional engineer, ohio, 1993–pres-
ent; inventor on seven uS patents; presenter, texas a&M 
Short courses, 1987–present; presenter, ioMSa annual 
meetings, 2000, 2003, 2004, 2006, 2009, 2011; author, oil 
extraction chapter, Bailey’s Industrial Oil & Fat Products, 
Sixth edition, 2005.

Research interests: new technologies to advance cur-
rent best practice in oilseed preparation, oilseed solvent 
extraction, and oils refining.

vice pResident 
candidate
steven Hill (1987): Senior director, 
Research and nutrition, Kraft Foods, 
northfield, illinois.

education: B.S., 1987, Food Science, 
iowa State university; M.S., 1989 and 
ph.d., 1992, Food Science, university 
of illinois.

previous employment: director, cheese R&d, 2007–2012, 
director, Health and Wellness policy, 2005–2007, associate 
director, R&d Sauces and dressings, Kraft Foods, 2003–2005; 
section manager, R&d Strategic Research, Kraft Foods, 1999–
2003; group leader, R&d ingredient technology, Kraft Foods, 
1997–1999; senior scientist, R&d oil technology, Kraft Foods, 

inside aocs
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1995–1997; scientist, R&d product development oil prod-
ucts, Kraft Foods, 1992–1995.

aocs activities: Secretary, aocS governing Board, 
2007–2009, treasurer, aocS governing Board, 2003–2007; 
member-at-large, aocS governing Board, 1999–2003; asso-
ciate editor, Inform, 1992–2001; chairperson, JAOCS edi-
tor-in-chief Search committee, 2000; chairperson, aocS 
governance committee, 2001–2002; member, publications 
Steering committee (pSc), 2002–2003; member, Financial 
Steering committee (FSc), 2001–2002; member, technical 
Steering committee (tSc), 1999–2000; member, informa-
tion technology Management committee, 1999–2002; 
member, campaign aocS committee, 1999–2001; local 
committee member, 1995 and 1996 annual Meetings; 
vice technical chairperson, 1998 annual Meeting; mem-
ber, Inform editor-in-chief Search committee, 1997; mem-
ber, edible application technology and Lipid oxidation & 
Quality divisions, 1997–present; president, north central 
Section, 1998; vice president, north central Section, 1997; 
board member-at-large, north central Section, 1992–1996; 
chairperson and member, a.e. Bailey award Selection com-
mittee, 1998–2001.

other: Fellow, aocS, 2012; member, university of illi-
nois Food Science Human nutrition external advisory Board; 
adjunct assistant professor, university of illinois, depart-
ment of Food Science and Human nutrition, 1993–2000; 
member, iowa State university Food Science and Human 
nutrition advisory Board, 2002–present; aocS Honored 
Student award, 1991; aocS Ralph potts Fellowship award, 
1990; passionate advocate for enhanced aocS member-
ship services.

Research interests: Lipid oxidation in food systems; 
oilseed processing; nutritional lipids related to foods and 
health.

candidate’s statement
nearly 25 years ago, i chose to join aocS and become an 
active contributor to the organization through committees, 
program development, Section leadership, and governing 
Board membership. Having been involved in various aspects 
of aocS leadership over the years, most recently as your 
Secretary and treasurer, i am especially pleased and hon-
ored to be nominated as a candidate for Vice president.

My career in fats and oils began in the united States at 
the university of illinois where i studied soybean oil chem-
istry and processing. i was introduced at that time to not 
only the field of fats, oils and related materials, but also to 
the aocS organization, staff and programs. My major pro-
fessor, dr. ed perkins, had just completed his term as aocS 
president. thus, in addition to my graduate research, i was 
also getting an advanced education in how to be a contrib-
uting volunteer and leader for aocS. 

My service to aocS has never been more reward-
ing than the past 10 years. during that time, the aocS 
Board and staff have addressed an agenda of organizational 

change based upon an assessment of member programs 
and benefits. this assessment was developed from an in-
depth evaluation of the overall aocS business model under 
the guidance of aocS financial committees in which i was 
involved. this effort was, at times, challenging as many dif-
ficult Society issues were addressed. However, the overall 
experience has been rewarding to me professionally and 
personally, as the outcomes of the work are now being suc-
cessfully implemented to better the Society. 

over the past 104 years, aocS has developed a global 
reputation built on technical excellence. From its origins 
as a small group of chemists who had a common inter-
est in cottonseed research, aocS has grown into a global 
network of scientists who have developed and sustained 
the Society’s stellar reputation. the future looks bright as 
the Society has positioned itself to provide new programs, 
products, and opportunities for members to publish, pres-
ent, and form critical alliances. the Society is able to focus 
on these opportunities because of a combination of a solid 
financial base, a skilled and experienced staff, and a group 
of motivated volunteers from around the world. 

during the past several years, i have been very involved 
with, and concerned about, Society finances. Securing a 
firm financial foundation has been critical for a successful 
aocS. i believe we are well on our way to building a stron-
ger financial base from which we can draw to support a 
renewed focus on membership value. 

aocS “value” is defined in many ways. i believe value 
can be delivered to members through new and enhanced 
products. this is one of the reasons why the governing 
Board decided to form a strategic publishing partnership. 
this very important decision positions the Society to grow 
its journals’ prestige and circulation by leveraging the 
global reach of the world’s second largest science, tech-
nical and medical publisher. it will also provide a number 
of new value-added features for the subscriber, such as 
greater accessibility through searchable back issue data-
bases, and enhanced aspects for those interested in pub-
lishing, such as online peer review and increased speed 
from submission to publication. i am a strong supporter of 
selectively identifying and choosing opportunities which 
are aligned with aocS strategies, and will enhance mem-
ber benefits.

Similarly, i believe in the many Society initiatives that 
have been increasingly adding more value to aocS pro-
grams. one example is the integration of division pro-
gramming and planning with the annual Meeting, which 
has contributed to highly successful and technically rele-
vant annual meetings. it is interesting the term “divisions” 
indicates separating, yet the approach used for develop-
ing the annual Meeting actually unites people together. i 
am convinced that divisions are an important force which 
allows aocS to be a global forum for the exchange of ideas, 
information, and experience among those with a profes-
sional interest in the science and technology of fats, oils, 
surfactants, and related materials. 
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i have always understood aocS to be the place to meet 
people who are involved with the sciences and technologies 
that are shaping the fields all of us are involved in. this is 
what first attracted me to the Society, and is what has kept 
me active in it. i am excited about the future of aocS, and 
the opportunities that exist for members. as Vice presi-
dent, i plan to work closely with tim Kemper, a colleague 
i deeply respect for his wisdom and passionate advocacy 
for aocS. i will work with other Society leaders and staff to 
improve and advance aocS strategies, strengthen its pro-
grams and products, and promote the global reputation of 
our Society. it will be a true honor for me to serve aocS.

tReasuReR candidate
w. blake Hendrix (1981): consultant, 
dynamic engineering inc., the Wood-
lands, texas.

education: B.S., 1975, chemical 
engineering, pennsylvania State uni-
versity.

previous employment: consultant, 
agribusiness and Water technology, 
inc./Hendrix consulting, LLc, omaha, nebraska, 2008–
2011; vice president of operations, everton energy, LLc, 
2006–2008; vice president of operations processing and 
refining, ag processing inc., omaha, nebraska, 2001–2006; 
business manager, fats and oils, alfa Laval inc., 1996–2001; 
engineering manager, tetra Laval Food Fats & oils, 1992–
1996; process engineer and vice president of engineering, 
Johnson-Loft engineers, inc., 1984–1992; process engineer, 
Sullivan Systems inc. (subsidiary of alfa Laval), 1978–1984; 
production supervisor, Hunt-Wesson Foods, 1975–1978.

aocs activities: treasurer, aocS governing Board, 
2012–present; member, executive committee, 2012–pres-
ent; member, Business development committee (formerly 
Financial Steering committee), 2002–2005 and 2009–pres-
ent; member-at-large, aocS governing Board, 2002–2005; 
member, Membership Steering committee, 2005–2006; 
member, technical Steering committee, 2003–2004; chair-
person, Budget committee, 2004–2005; member, Budget 
committee, 1998–2004; vice president, northern califor-
nia Section, 1997–1998; member, Sections committee, 
1990–1991.

other: Registered professional engineer, chemical 
engineering, california, 1985.

membeR-at-laRge 
candidates
douglas m. bibus (1994): community 
Faculty, center for Spirituality and Heal-
ing, university of Minnesota; president, 
Lipid technologies, LLc; director, Hol-
man center for Lipid Research.

education: B.S., 1991, chemistry, Mankato State uni-
versity, Mankato, Minnesota; M.S., 1995, nutrition, univer-
sity of Minnesota, Minneapolis, Minnesota; ph.d., 1998, 
nutritional biochemistry, university of Minnesota, Minne-
apolis, Minnesota.

previous employment: assistant Scientist, Scientist, 
and Fellow, Hormel institute at the university of Minne-
sota, 1986–2002; research assistant, department of Sur-
gery, university of Minnesota, 1990–1997; scientist, Surgi-
cal Research, St. paul-Ramsey Medical center, 1989–1997.

aocs activities: Member-at-Large, aocS governing 
Board, 2011–present; chairperson, aocS awards adminis-
tration committee, 2003–2009; director, aocS Foundation, 
2003–2009; member, Membership Steering committee 
(MSc), 2003–2012; chairperson, Health and nutrition divi-
sion, 2006–2008; vice chairperson, Health and nutrition 
division, 2004–2006; division representative to Member-
ship development committee, 2002–2004; treasurer, Health 
and nutrition division, 2000–2003.

other: aocS Honored Student award, 1994; member, 
american chemical Society; member, international Society 
for the Study of Fatty acids and Lipids; awardee, american 
chemical Society award in analytical chemistry, 1990 and 
1991; scientific advisor, essential nutrient Research corpo-
ration (enReco); scientific advisor, coromega, inc.

Research interests: the role of essential fatty acids in 
human and companion animal nutrition; role of omega-3 
fatty acids in the down-regulation of the inflammatory 
response; role of polyunsaturated fatty acids in disease 
and the role of omega-3 fatty acids in mood disorders; oxi-
dative adaptation of living systems and its implications in 
atherogenesis; role of polyunsaturated fatty acids in tumor 
incidence and promotion; neuro-psychiatric implications 
of nutrients in aggression models; analytical techniques 
for determining lipid and fatty acid content in tissues and 
food products.

carol J. lammi-keefe (1997): alma Beth 
clark professor and Head, Human nutri-
tion and Food, School of Human ecol-
ogy and adjunct professor, pennington 
Biomedical Research center, Louisiana 
State university, Baton Rouge, Loui-
siana.

education: B.S., 1969, Biochemis-
try, university of Maine, orono; M.S., 
Biochemistry, university of illinois graduate School at the 
Medical center, chicago; ph.d., 1971; Food Science and 
nutrition, university of Minnesota, St. paul; postdoctoral 
Fellowship, 1980–1981, Hematology, department of Medi-
cine, university School of Medicine, Minneapolis.

previous employment: assistant professor, 1981–1988, 
associate professor, 1988–1995, professor, 1995–2006, 
acting department head, 1997–1998, department head, 

inside aocs
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1998–2002, department of nutritional Sciences, univer-
sity of connecticut, Storrs.

aocs activities: chairperson, Health & nutrition divi-
sion, 2010–2012; member, division council, 2009–2012; 
vice chairperson, Health & nutrition division, 2009–2010; 
chairperson, awards administration Subcommittees for 
Health & nutrition division posters, the Holman Lifetime 
achievement award, and the Health & nutrition division 
Student excellence award, 2010–2012; division represen-
tative, annual Meeting program committee, 2008–2009; 
secretary, Health & nutrition division, 2008–2009; chair-
person and co-chairperson for scientific sessions.

other: Rainmaker, Louisiana State university, 2009–
2010; co-editor, Handbook of Nutrition and Pregnancy; mem-
ber, provost’s commission on Status of Women, university 
of connecticut, 2004–2005; member-at-large, uSda north-
east Regional Research technical committee, 2004–2006; 
university of connecticut chancellor’s Research excellence 
award, 2003; member, president’s Research administration 
committee, university of connecticut, 2003–2005; ameri-
can dietetic association Foundation award for excellence 
in Research, 2002; Ross award in Women’s Health, the 
american dietetic association Foundation, 2001; mem-
ber, task Force on Building a Science Roadmap, national 
association of State universities and Land-grant colleges 
and experiment Station committee on organization and 
policy, 2001; member, chancellor’s task Force on Research 
policy, university of connecticut, 2001–2002; president, 
association of nutrition department programs (andp), 
2001–2002; member, executive committee, international 
Society for Research on Human Milk and Lactation (iSRHML), 
1993–1994; chairperson, northeast Regional technical 
Research committee, 1993–1994; Vice-chairperson, north-
east Regional technical Research committee, 1991–1991; 
visiting scientist, nci, niH, Bethesda, Md, 1989; consultant, 
naSa advisory council, 1980.

Research interests: Lipids in human health with focus 
on maternal-fetal health and wellness; emphasis on the 
long-chain polyunsaturated fatty acids and impact on adi-
posity, inflammatory response, endocannabinoids, infant 
neurodevelopment, maternal postpartum depression.

michael a. snow (2003): industrial 
director, Bunge north america, St. 
Louis, Missouri.

education: B.S., 1980, agricultural 
engineering, texas a&M university.

previous employment: Manager, 
oilseed processing division, Bunge, 
2004–2006; operations support man-
ager, oilseed processing division, Bunge, 
2003–2004; facility manager, council 
Bluffs, iowa, Bunge, 1999–2003; facility manager, cairo, 
illinois, Bunge, 1989–1999; plant engineering and depart-

ment manager, cairo, illinois, Bunge, 1986–1989; plant 
engineer and assistant plant manager, destrehan, Louisi-
ana, Bunge, 1980–1982. 

aocs activities: Member-at-Large, aocS governing 
Board, 2011–present; member, processing division; chair-
person, processing division, 2008–2010; vice chairperson, 
processing division, 2006–2008; member, proven practices 
ad Hoc committee, 2009; processing division presenter 
and regular technical session co-chairperson. 

other: Member, national oilseed processors associa-
tion technical Safety and environmental committee (teSH), 
2003–2007; chairman, teSH technical and Research Sub-
committee, 2004–2007; Member, Bunge global productiv-
ity, Quality, Safety and environmental Steering committee, 
2008–present, Member, texas a&M university Biological 
and agricultural engineering department external advisory 
council, 2012–2014.

manfred trautmann: Vice president 
and general Manager Bu emulsions, 
detergents & intermediates, clariant 
international, Muttenz, Switzerland.

education: B.Sc., 1976, chemical 
engineering, university of darmstadt, 
germany.

previous employment: global 
Head of Marketing & Sales, RBu deter-
gents & intermediates, 2007–2009; head of new business 
development, Business unit detergents, 2000–2007; global 
marketing & sales manager, detergents, personal care and 
plant protection additives Business of the Surfactants/Fun 
division during the transition of Hoechst to clariant, 1996–
2000; product manager, national accounts manager, and 
marketing manager, detergents and personal care Business 
of american Hoechst/Hoechst celanese, north america, 
charlotte, north carolina, 1986–1996; application man-
ager, detergents and personal care in R&d, Hoechst ag, 
1979–1986; project engineer in the Hoechst engineering 
department, 1976–1979.

aocs activities: Member-at-Large, aocS governing 
Board, 2011–present; presenter, speaker, and/or co-author, 
various aocS annual Meeting & expos; member, executive 
committee, 7th World conference on detergents (Montreux 
conference), 2010; member, organizing committee, 5th 
and 6th World conference on detergents (Montreux con-
ference), 2002, 2006.

other: Member, organizing committee, ceSio 2004, 
Berlin, germany.

Research interests: green chemistry, including chemi-
cals and/or intermediates derived from bioethanol, biodie-
sel, and glycerol. n
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products in 2004 and in food in 2005.) The researchers announced 
that the rats (i) had a higher incidence of cancers, (ii) had larger can-
cerous tumors, and (iii) died earlier than controls. The authors sum-
marized their results, saying, “These results can be explained by the 
nonlinear endocrine-disrupting effects of Roundup [glyphosate], but 
also by the expression of the transgene in the GMO and its metabolic 
consequences.”

The dire health effects reported by Séralini and co-workers do not 
correspond with those from about a dozen other long-term studies of 
different GM crops (Snell, C., et al., Food Chem. Toxicol. 50:1134–1148, 
2012).

The experiments of Séralini and co-workers involved feeding 
Sprague-Dawley rats for two years (i) with isogenic non-transgenic 
(control) corn, (ii) with NK603 corn—at three different levels–that 
either had or had not been treated during the growing season with 
glyphosate, and (iii) with isogenic non-transgenic corn and with 
glyphosate in their drinking water. According to the authors, this is the 
first study to look at long-term effects of NK603 consumption in rats, 
whose lifespans are about two years. Earlier, Monsanto had sponsored 
a 90-day feeding trial of NK603 in rats, the current regulatory norm. 

Responses to the release of this paper were swift. For example, 
Russia halted all imports of US corn, which has GM constituents. The 
European Food Safety Agency (EFSA; Parma, Italy) reviewed the paper 
and concluded it was “of insufficient scientific quality to be considered 
as valid for risk assessment (http://tinyurl.com/EFSA-review).” Fur-
thermore, the EFSA review found “that the design, reporting and anal-
ysis of the study . . . are inadequate.” 

In its review, EFSA identified issues with the strain of rat used 
(Sprague-Dawley rats are prone to developing tumors during their life 
expectancy, no matter what they are fed, particularly if their food intake 
is not restricted), inadequate controls, noncompliance with standard 
protocols (such as those developed by the Organisation for Economic 
Cooperation and Development), insufficient number of experimental 
animals, inadequate statement of objectives of the experiments, absence 
of data on the composition of the food given to the rats or on the analy-
sis for the presence of harmful substances in the food, absence of data on 
volume of food and water consumed, and questionable statistical analy-
sis. EFSA reported sending two letters to Séralini, one dated October 4 
and another on October 18, requesting further data to use in its evalua-
tion on any safety issues involved with NK303. On October 22, EFSA 
said it had not yet received a response (www.efsa.europa.eu/en/press/
news/121022.htm).

Séralini responded in the press by saying he and his co-workers 
would not release their data until EFSA released the data it had used to 
authorize the approval of NK603 in Europe. According to FoodNaviga-
tor.com on October 22, EFSA complied with this request.

Many other scientists questioned the study’s methodology and 
findings. More than 700 scientists and academics signed a petition 
urging Séralini and co-workers to release the study data (www.ipeti-
tions.com/petition/dr-seralini-please-release-data/signatures). If the 
data were not forthcoming, the petitioners urged that the paper be 
retracted from Food and Chemical Toxicology. 

Elsevier responded on November 7 by publishing 16 letters cri-
tiquing the study online alongside the original paper by Séralini and 

co-workers (http://tinyurl.com/16responses). On November 9, Else-
vier published the authors’ responses to these critiques (http://tinyurl.
com/ResponseSeralini). There, the authors tabulated their rebuttals to 
their critics and promised further publications on the subject.

In an EFSA statement issued on November 28, Per Bergman, 
director of scientific evaluation for regulated products directorate at 
EFSA, said: “EFSA’s analysis has shown that deficiencies in the Séralini 
et al. paper mean it is of insufficient scientific quality for risk assessment. 
In addition, several national organisations were independently man-
dated by Member States to assess this study. These reviews have demon-
strated a consensus among a significant part of the EU risk assessment 
community that the conclusions of Séralini et al. are not supported by 
the data in the published paper. We believe the completion of this evalu-
ation process has brought clarity to the issue.”

Another aspect of this report that struck a sour note was the 
orchestrated manner in which Séralini released it at a press conference 
on September 19. The paper had been embargoed until that conference, 
and the journal Nature reported that science writers given pre-embargo 
access were required to sign a confidentiality agreement that prevented 
them from seeking outside comments from scientific experts in advance 
of the study’s release, an unusual requirement (Nature 490:158, 2012). 
On September 26, Séralini’s book Tous Cobayes? [translation: All of Us 
Guinea-Pigs Now?] was released. It describes his efforts to show in the 
laboratory the long-term toxic effects of genetically modified (GM) 
food and pesticides. There is also an accompanying film by the same 
name and a television documentary.

Séralini is a molecular biologist with the University of Caen, 
France, and heads the scientific board of the Paris-based Commit-
tee for Research Independent Information on Genetic Engineering 
(CRIIGEN). Séralini carried out the research in collaboration with 
CRIIGEN, which says in Article 3 of its Articles of Association that its 
objective is “To carry out research and provide information on genetic 
engineering and its impact in the fields of biology, the environment, 
agriculture, food, medicine and public health.”

Lively accounts of the issues involved as they developed appear 
at http://tinyurl.com/Science2-0-Seralini and at http://tinyurl.com/
Forbes-scientists. n
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There has been and always will be a need for rapid measurement 
techniques, especially ones that drive innovation, quality, and 
efficiency in food and agricultural production. Magnetic reso-
nance techniques have been at the forefront of food research 
and quality control for decades largely due to the introduction 
of pulsed nuclear magnetic resonance (NMR) instrumenta-
tion, which provides qualitative advantages of increased sensi-
tivity and flexibility (as compared to continuous wave NMR). 

However, NMR offers another advantage: It can make data 
analysis simple and transparent, leading to more reliable quan-
titative measurements.

Simple and accurate oil content 
meaSurement
While routinely accepted as the “gold standard,” measurement 
of oil content by solvent/Soxhlet extraction is time consum-
ing and often costly in terms of labor, solvent purchase, and 
solvent disposal. The results tend to be variable, as they are 
operator dependent, and it is not possible to extract all of the 
oil needed to provide a complete representation of the oil 
content without adding an additional acid hydrolysis proce-
dure to break down the matrix. This additional step signifi-
cantly lengthens and complicates the analysis. 

Benchtop NMR relaxometry is a well-established tech-
nique that has been successfully adopted and used to measure 
oil content in food and agricultural products over many 
decades. Benchtop NMR relaxometry instrumentation uses 
permanent magnets and is therefore cryogen-free. Addition-
ally, NMR relaxometry measurements have many advantages 
over traditional methods including being nondestructive, 
rapid, repeatable, and solvent-free. As with near infrared 
(NIR) spectroscopy, NMR is often calibrated to “‘match” the 
results generated by solvent extraction. However, unlike NIR, 
NMR makes it possible to set up a primary calibration using 
the oil of interest, as the signal is directly and linearly related 
to hydrogen content.

• measuring oil content by solvent/Soxhlet 
extraction is time consuming and can be costly 
in terms of labor, solvent purchase, and solvent 
disposal. the results also tend to be variable, as 
they are operator dependent.

• Benchtop nmr relaxometry is nondestruc-
tive, rapid, repeatable, and solvent-free.  it can 
also easily distinguish between solid and liquid 
fat. 

• Benchtop nmr is becoming more accessible 
due to new fats- and oils-related applications 
and a recent trend toward more cost-effective 
instrumentation.

advances in benchtop 
magnetic resonance:

Kevin nott and david Williamson

food manufacturing and agriculture
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A comparison of the results generated from 
Soxhlet extraction and an NMR oil calibration is 
given in Figure 1. 

Note that the NMR results are typically higher 
than those from Soxhlet; this is because NMR mea-
sures all the oil, whereas Soxhlet does not measure 
the unextracted oil. The latter is not constant and 
accounts for scatter in the data. This scatter cannot 
be corrected using a calibration bias. Subsequently, 
the unextracted oil content in the Soxhlet residue 
was measured using NMR and a correction was 
applied to the individual Soxhlet results (Fig. 2).

The most noticeable feature is that the scatter 
is reduced, as indicated by the improved corre-
lation (R2). Secondly, there is now a direct cor-
respondence between the NMR and corrected 
Soxhlet results; that is, the line goes through the 
origin. This demonstrates that not only can NMR 
accurately measure oil content in the residue, for 
optimization of the crushing/extraction process, 
but also it can measure “total” oil content from 
a sample of the oil-producing crop. This is typi-
cally measured by solvent extraction after an acid 
hydrolysis step. It is also possible to simultaneously 
measure moisture content by NMR provided it is 
less than a nominal value of 10% for which there 
are AOCS/ISO methods for a variety of oilseeds 
and their residues (1–4).

TradiTional Solid FaT 
ConTEnT mEaSurEmEnTS vS. 
iSoThErmal CrySTallizaTion
Solid fat content (SFC), for which there are 
AOCS/ISO methods (5,6), is another measure-
ment at which benchtop NMR excels because it 
can easily distinguish between solid and liquid fat. 
Samples are fully melted to remove their thermal 
history, then frozen before measuring the melting 
profile equilibrated at different temperatures (3,4). 
Whereas each NMR measurement is rapid (usually 
no more than eight seconds), it takes at least three 
to four hours to obtain a melting profile owing to 
the necessity for thermal equilibration times. 

An alternative method, isothermal crystalli-
zation, requires the sample to be heated, usually 
to 75°C, then placed in the NMR probe thermally 
stabilized at 25°C. SFC is measured continuously 
as the oil crystallizes during cooling. Typical 
results for a palm oil sample are shown in Figure 
3. Isothermal crystallization gives complementary 
information that is often faster to obtain than the 
traditional AOCS method. In this case, palm oils 
from different geographical locations give vastly 
different crystallization profiles.

FiG. 1. Comparison of nuclear magnetic resonance (NMR) relaxometry 
vs. Soxhlet extraction shows offset and scatter due to oil not extracted 
by Soxhlet.  

FiG. 2. Results from NMR vs. Soxhlet corrected for unextractable oil show 
direct 1:1 correlation and reduced scatter. For abbreviation, see Figure 1.

CoNtiNued oN Next page
FiG. 3. profiles of solid fat content (SFC) vs. time for various palm oils from 
different geographical regions during isothermal crystallization.
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TOWARD Accessible  
mAgneTic ResOnAnce
Other magnetic resonance techniques provide additional informa-
tion to that described above, but they are traditionally expensive 

to purchase and maintain. Also, their size and com-
plexity usually prevent them from being used in 
quality control laboratories. More recently there 
has been a growing “back-to-basics” movement 
addressing the need for high-performance, low-
cost, and, where possible, mobile magnetic reso-
nance instrumentation.

For example, electron magnetic resonance 
(EMR), also known as electron spin resonance 
(ESR) or electron paramagnetic resonance 
(EPR), which is usually confined to advanced 
research applications and expert users using 
large electromagnets, is now available as low-
cost benchtop instrumentation. EMR directly 
detects free radicals down to submicromolar con-
centrations (7). Radicals occurring in oils/fats are 
the initiators in lipid oxidation reactions and are 
therefore early indicators. 

However, despite the sensitivity of the tech-
nique, radicals by their very nature are reactive and 
can have very short lifetimes. Consequently, a spin 
trap such as α-phenyl-tert-butyl nitrone (PBN) 
is added. PBN forms a spin adduct, which allows 
detectable concentrations to accumulate. The oil/
fat may also be heated to accelerate the oxidation 
process. This enables a rapid measurement of the 
rate of radical formation, which provides an indica-
tor of the oxidative stability of the oil.

Over the last year there has been a surge of 
interest in NMR spectroscopy at magnetic fields 
around 1–2 teslas (T) corresponding to 1H fre-
quencies of 45–90 MHz. Spectrometers at these 
fields, which are usually designed around a per-
manent magnet, offer several practical advan-
tages over the higher-field spectrometers, which 
are commonly designed around super-conduct-
ing magnets. These advantages relate to simplic-
ity of use and low running costs—particularly 
with respect to liquid helium, which is becom-
ing scarce and consequently increasingly expen-
sive—but come at the cost of signal sensitivity 
and spectral dispersion. Despite the loss of peak 
separation, the 1H spectrum of methyl esters, for 
example, still contains a significant amount of 
quantifiable information that can be extracted by 
peak integration or use of spectral deconvolution 
methods. The 1H spectrum of methyl linolenate 
obtained at 1.4 T (60 MHz proton frequency) is 
shown in Figure 4.

Several of the characteristic resonances are 
labeled, in particular, the olefinic resonances  
(–CH=CH–), the methoxy resonance (–OCH3), 
the bis-allyllic resonance, and the methylene 

group sandwiched between two double bonds (=CH–CH2–
CH=). These resonances are particularly useful for determining 
the unsaturated character of a biodiesel, which has implications 

Fig 4. 1H NMR spectrum of methyl linolenate collected at 1.4 T (60 MHz). 
Despite the smaller frequency dispersion at 60 MHz, quantification of dou-
ble bond protons (–CH=CH–) and bis-allylic (=CH–CH2– CH=) protons is still 
possible using the methoxy group (–OCH3) as an internal reference. Fur-
ther quantitative information could be extracted using a spectral decon-
volution approach. For abbreviation, see Figure 1.

Fig. 5. 1H NMR spectra of methyl stearate, methyl oleate, methyl linole-
ate, and methyl linolenate collected at 1.4 T (60 MHz). For abbreviation, 
see Figure 1.
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analysis of oxidative stability of olive oil
Electron paramagnetic resonance:

• Stability testing of edible oils at storage 
conditions is often too slow for practical use 
in quality control, so such tests are often per-
formed at elevated temperatures and other 
conditions that in themselves cause oxidation.

• Stability or rancidity is usually assessed by 
measuring the lipid peroxides and hydroper-
oxides that form during the initial stages of 
oxidation; however, variability when perox-
ide levels are low makes it difficult to reliably 
determine an oil’s shelf life.  

•  Studies using olive oil showed that elec-
tron paramagnetic resonance (EPr) analysis is 
more sensitive than peroxide value (Pv) anal-
ysis, because it measures free radicals before 
hydroperoxide formation and after hydroper-
oxide decomposition. 

Kalina  ranguelova and david barr Rancidity of edible oil arises during 
storage or transport and is due to the 
free radical-mediated oxidation of 
unsaturated fatty acids. it occurs in 
three well-documented phases: (i) ini-
tiation, (ii) propagation, and (iii) termi-
nation. the oxidized compounds that 
result at the end of the process give 
the oil an undesirable odor and taste. 
this free radical lipid oxidation process 
affects quality and determines, in 
many cases, the shelf life of the oil.

Hydroperoxides form during the initiation phase and 
are commonly measured to monitor the oxidative status 
of an oil sample. It is assumed that hydroperoxide groups 
attach to the carbon atoms of unsaturated fatty acids and 
that, subsequently, the breakdown of hydroperoxides prop-
agates the chain reaction. Currently, the AOCS Olive Oil 
Expert Panel is looking for new rapid and reliable methods 
to measure oxidative stability and predict shelf life, and to 
evaluate the efficacy of protective methods (such as antiox-
idant addition). Oxidative stability is affected by a number 
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of factors, such as oxygen, temperature, 
presence of metals, and light. Transition 
metals, especially iron and copper, are 
known contaminants of olive oil and act as 
pro-oxidants by catalyzing both the gen-
eration of free radicals and the decompo-
sition of hydroperoxides. 

During the propagation phase, 
hydroperoxides combine with other fats 
to form additional reactive products. 
Hydrocarbons, aldehydes, and ketones 
are the typical end products that form 
during the termination phase and are the 
primary compounds detected as “rancid-
ity.” These compounds are volatile, easily 
detected by the human nose, but are rela-
tively unreactive. 

Recently, the overall quality of extra 
virgin olive oil (EVOO) has become of 
particular interest due to the complex-
ity of its distribution channels around 
the world and the fact that it is an indi-
vidually packaged product (its final 
quality reflects either positively or nega-
tively on the producer). The resistance of 
EVOO to oxidation is related to the high 
levels of monounsaturated triacylglycer-
ols and the presence of natural phenolic 
antioxidants. 

Figure 1 provides an example of a free 
radical chain reaction that leads to rancid-
ity. It starts with the oxidation of fatty 
acids to various fatty acid free radicals. 

These free radicals are usually carbon 
centered and react rapidly with oxygen to 
form alkylperoxyl radicals. Alkylperoxyl 
radicals propagate further free radical for-
mation by abstracting hydrogen atoms 
from other fatty acids. The alkylperoxyl 
radicals are converted to hydroperoxides 
that either undergo thermolysis or react 
with metals to form alkoxyl, alkylperoxyl, 
and carbon-centered free radicals. This 
free radical chain reaction proceeds until 
it is terminated by an antioxidant. Anti-
oxidants “intercept” a propagating free 
radical by donating an electron. A “good” 
antioxidant is oxidized to a stable nonre-
active form. If the free radical process is 
not terminated in its early stages, rancid 
flavor products (i.e., aldehydes, ketones, 
and alcohols) will form. 

Stability testing at storage conditions is often too slow for 
practical use in quality control, and as a result such tests are often 
performed under “forced” conditions (e.g., using elevated tem-
perature). The peroxide value (PV) is one of the most commonly 
used indicators of primary fat oxidation. It is used by food-related 
industries to assess the stability or rancidity of fats, by measur-
ing lipid peroxides and hydroperoxides formed during the initial 

stages of oxidation. It should be noted that difficulties in the titra-
tion end point are common for PV levels below 5 meq/kg, which 
may account for a portion of the high variability generally asso-
ciated with the method. For these reasons, these industries are 
looking for new and better methods for shelf life testing.

FiG. 1. Simplified scheme for the free radical degradation of a fatty acid.

FiG. 2. Spin trapping in vegetable oil.

CoNtiNued oN Next page
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EPR (electron paramagnetic reso-
nance, a.k.a. ESR, electron spin resonance) 
is a spectroscopic technique that specifi-
cally and directly measures samples con-
taining free radicals. At the same time the 
technique is completely “blind” to samples 
without free radicals (or unpaired elec-
trons) and so is very specific. Free radicals 
are “short-lived,” so to increase our ability 
to detect them, we add a compound known 
as a spin trap. 

The spin trap reacts with the free 
radical to form a “radical adduct.” Radical 
adducts are also free radicals, but they are 
much more stable than the original (half-
lives as long as days compared to millisec-
onds). Most of the spin traps used have a 
nitrone-type group that forms a nitroxide 
(radical adduct) upon trapping the free 
radical. PBN (a-phenyl-N-tert-butylni-
trone) is one of the nitrones commonly 
used to measure free radical formation 
during the forced oxidation of a variety of 
commercial products. Trapping of free radi-
cals during this forced oxidation test yields 
a six-line EPR spectrum. The intensity of 
the lines is proportional to the concentra-
tion of free radicals that formed during the 
forced oxidation test. The general proce-
dure for the EPR spin trapping assay is 
depicted in Figure 2. 

EPR provides an excellent technique 
to monitor free radical formation from lipid 
oxidation in oils. Figure 3 highlights the 
ability of EPR to differentiate and screen 
for five olive oil samples from the AOCS 
Laboratory Proficiency Program. 

These samples had known PV. The 
assay involves adding PBN spin trap to the 
oil sample of interest. The sample is mixed 
using a vortex and transferred immediately 
to a capillary tube. Samples are then heated 
at 70°C (to provide the forced oxidation). 
EPR measurements are then made over a 
user-specified period. The EPR intensity is 
measured from the peak-to-trough inten-
sity of the middle lines of the EPR spec-
trum (Fig. 2). 

EPR intensity values are converted 
to a free radical concentration (Fig. 3A). 
Free radical concentration is plotted vs. 
measurement time to show the respec-
tive level of oxidation that occurs in each 
olive oil sample. Figure 3B shows that the 
EPR signal increase correlates reasonably 
well with the PV data for the respective oil 
samples. In this example the EPR data were 
compared with the PV data by normalizing 

FiG. 3a. electron paramagnetic resonance (epR) radical adduct formation 
and peroxide values (pV) for the five aoCS samples.

FiG. 3b. Comparison of epR data with pV data.
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to the sample with the highest value (i.e., 
AOCS sample with PV = 92.40). From 
Figure 3B, we can see that EPR seems to be 
much more discriminating for samples that 
have PV values that are relatively similar 
(consider that samples 1–4 had PV that 
were at most 5 units apart).

The scheme in Figure 1 shows that per-
oxidized fatty acids (FA-OOH) convert to 
free radicals when they are exposed to pro-
oxidant conditions (e.g., metal ions, heat, 
or light). An example would be the Fenton-
type free radical-generating reaction here:

FA-OOH + Fe2+ → Fe3+ + RO• + OH-

FA-OOH + Fe3+ → ROO•+ H++ Fe2+

We believe this explains why EPR 
detection is more discerning even when 
samples have similar PV. In these cases it 
is likely that some of the oils originally had 
higher PV but by the time the PV test was 
performed the peroxides were not detected 
because they had decomposed to other end 
products (due to pro-oxidant conditions). 
[From the literature, it is known that PV 
decrease with time due to hydroperoxide 
decomposition.]  This may be why consis-
tent PV data are often difficult to attain. To 
explore this further we compared the EPR 
response vs. PV response after addition of 100 mM Fe3+ as a pro-
oxidant. The EPR intensity and total extent of the free radical 
formation increased dramatically and immediately even at room 
temperature (Fig. 4). 

Free radical formation was more than five times that of the 
control sample without iron. However, the PV only increased by 
20% compared to the control sample. The EPR forced oxidation 
test provides a very simple and useful analytical tool for measuring 
the propensity of an oil to become rancid (and its ability to resist 
rancidity). The sample handling is minimal, and a bench-top EPR 
spectrometer makes operation facile and reliable. The method pro-
vides the industry a new tool for quality control that has advan-
tages over other techniques that are more labor intensive and prone 
to uncontrollable variation. There is a reasonable correlation (for 
example, Figs. 3A, 3B) between the EPR and PV obtained from 
olive oil oxidation; thus, the EPRt=60min end point can be success-
fully used to detect early stages of the oxidation process. EPR 
also gives an overall picture of how well the oil will resist oxida-
tion, which includes later stages of oxidation. In fact, our studies 
here show that EPR is more sensitive than the PV test because we 
measure free radicals before hydroperoxide formation and after 
hydroperoxide decomposition. These findings justify the further 
development of an EPR method for measuring and improving the 
resistance of edible oils to rancidity. At Bruker we are currently 
developing sample handling techniques and assay conditions that 
will make EPR a reliable and rapid assay for evaluating freshness 
in all forms of edible oil.

FiG. 4. Normalized data (epR vs. pV) after pro-oxidant (100 mM Fe3+) treatment.

Kalina Ranguelova has been an application scientist at Bruker 
BioSpin since 2011. She has worked in the field of epR spectros-
copy for the past 15 years. She may be reached at kalina.rangue-
lova@bruker-biospin.com.

david Barr has worked as an applications scientist in the epR divi-
sion at Bruker BioSpin since 1996. His major focus over the years 
has been the development of commercial applications for electron 
paramagnetic resonance including, but not limited to, materials 
science and the fermented beverage and pharmaceutical indus-
tries. He can be contacted at david.Barr@bruker-biospin.com. 
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growing evidence that dietary con-
sumption of trans fatty acid (tFa) 
increases the risk of cardiovascular 
disease (pieti nen et al., 1997; oh et 
al., 2005; ascherio et al., 1999) has 
made tFa a hot topic among people, 
food industries, and government 
offi  cials in China. 

The number of published papers in Chinese 
related to TFA increased nearly threefold from 2009 
(47 papers) to 2011 (136 papers). Also, the Chinese 
government has increased its eff orts to restrict TFA. 
On January 1, 2013, it became mandatory for manu-
facturers to indicate on the nutrition label of foods the 
content of hydrogenated and and partially hydroge-
nated fats. A new series of standards that include TFA 
labeing rules for rapeseed oil, maize oil, olive oil, and 
olive-pomace oil are under discussion as well. Mean-
while, the food industries in China have been intro-
ducing more healthful food through innovation. 

In 2012, researchers at Wilmar Biotechnology 
R&D Center in Shanghai, China, conducted a nation-
wide survey of bott led cooking oil, food service oil, 
and oil-bearing processed food, to reveal the current 
trend of TFA content in foods within the Chinese 
market. The results of this survey were then com-
pared with the outcomes of previous research to learn 
whether any improvements had occurred ( Jiang et al., 
2010; Fu et al., 2008; Fu et al., 2010; Niu, 2011; Hou 
et al., 2012).

boTTlEd CooKinG oil
To get a bett er understanding of TFA in China, it is 
necessary to appreciate how fats and oils are consumed 

• in 2012, the trans fatt y acid (tFa) contents of 573 
samples of bott led cooking oil, 74 samples of food service 
oil, and 257 samples of oil-bearing processed food in Chi-
na were analyzed.

• the results were compared with previous analyses of 
the tFa contents of similar foods in studies that have 
been conducted since 2008.

• the comparison revealed that the tFa content of oil-
bearing foods in China has been reduced measurably dur-
ing the past four years.
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FiG. 1. Comparison of trans fatt y acid (tFa) contents in 2010 and 
2012. abbreviati ons: SBo, soybean oil; RSo, rapeseed oil; SFo, 
sunfl ower oil; Bo, blended oil; MZo, maize oil; gNo, groundnut 
oil; SSo, sesameseed oil. error bars represent mean ± standard 
deviati on.

acid content of 
foods in China

trans Fatt y

                                           yuanrong Jiang
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there. The Chinese consume more vegetable oils both at home 
and in restaurants than most Westerners. Bottled cooking oil (no 
more than 5 liters) and food service oil (containers holding18–
22 liters) are the most common vegetable oils used in house-
hold cooking and food service businesses, respectively. Bottled 
cooking oil and catering oil provide a large portion of total oil 
intake. 

For the study, 573 samples from 126 brands and 14 oil 
varieties were collected from eight different cities and analyzed 
using the national standard method (GB/T 22110-2008 [Rec-
ommended Chinese National Standard]). Of these samples, 
87.52% had TFA levels less than 2%. There was a significant dif-
ference between refined and unrefined oils. The TFA contents 
were lowest in camellia oil, groundnut oil, and olive oil. All three 
are made by expelling the oil without further refinement. Com-
pared to the outcomes of an earlier survey ( Jiang et al., 2010), 
the results were quite similar (Fig. 1, page 59). 

Both found that 90% of the samples contained TFA below 
0.2%. Only two oil varieties had an obvious increase in TFA 
average contents: maize oil and sesameseed oil. The much larger 
sample size and the diverse qualities included in this survey could 
explain the increase. The intentional adding of blended oil to 
sesame oil and the possible inclusion of fraudulent oils could 
also explain such increases. 

Several other studies related to TFA contents within 
Chinese food appeared in 2012 (Gao et al., 2012; Ning et al., 
2012). Soybean oil constitutes the largest portion of vegetable 
oil consumption in China. Thus, it was chosen in these three 
papers as the basis for comparing the similarities of our results 
with those of other studies. Figure 2 shows that all of the surveys 
yielded similar outcomes, that is, a slight decrease of TFA content 
in soybean oil between 2010 and 2012.

In general, TFA content within bottled cooking oils 
remained at roughly the same level as in 2010 ( Jiang et al., 2010). 
Nearly 90% of samples contained less than 2% TFA. In addi-
tion, unrefined oils contained lower concentrations compared 
to refined oils. 

Food SErviCE oil
This is the first research to date that has included food service 
oil. Seventy-four samples were collected from different areas 
in China, and five different varieties were measured. All five 
oil varieties contained quite low TFA concentrations (Fig. 3).  
Palm oil possessed the lowest TFA, which might be caused by 
its higher saturated fatty acid content. TFA concentrations in 
food service oils were much lower than those in corresponding 
bottled cooking oil varieties. Note that restaurants and hotels in 
China care less about the color and appearance of the oil than 
consumers do, which leads to milder refining of food service oils. 
Reduced refining is believed to have a positive effect on TFA con-
centrations. In short, TFA concentrations in food service oils 
were much lower than those in corresponding bottled cooking 
oil categories, and they were lowest in palm oil. 

oil-bEarinG FoodS
Although Chinese consumed much less fried and baked food 
with higher oil content compared to westerners, the intake of 
such food has increased year by year. Consequently, oil-bearing 

FiG. 2. tFa contents of soybean oil in different studies. error 
bars represent mean ± standard deviation. For abbreviation 
see Figure 1.

FiG. 3. tFa contents of different varieties of food service oil. 
error bars represent mean ± standard deviation. For abbrevia-
tions see Figure 1.
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Food category
Sample 
size (n)

percentage of samples grouped 
according to content of tFa

tFa < 2%
2% < tFa 

< 5% tFa ≥ 5%

Cake, bread, and 
pie 52 60 40 0 

Cookies 69 88 9 3 

Fried chips 8 100 0 0 

ice cream 29 100 0 0 

Chocolate 28 96 4 0 

popcorn 3 100 0 0 

instant noodles 51 98 2 0 

Nondairy creamer 12 100 0 0 

Whipping cream 5 100 0 0 

 totaL 257 88 11 1 

TablE 1. trans Fatty acid (tFa) content, categorized by range, 
of samples of oil-bearing foods (oil base)
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foods are possibily the most important 
source of hydrogenated vegetable oil intake 
for Chinese and play an important role in 
the study of TFA intake. Two hundred fifty-
seven samples from nine categories (cake, 
bread and pie; cookies; chips; ice cream; 
chocolate; popcorn; instant noodles; non-
dairy creamer; and whipped topping) were 
collected from supermarkets and bakery 
houses. 

All samples contained less than 5% 
TFA (oil base), with the exception of two 
samples in the cookie category (Fig. 4), and 
only some samples in the cake, bread and 
pie, cookie, chocolate, and instant noodle 
category had TFA contents in the range of 
2% to 5% (Table 1, page 60). TFA levels 
in popcorn, ice cream, nondairy creamer, 
fried chips, and whipping cream were less 
than 2% (oil base).

Almost all of the research published in 
the past four years on TFA in China confirms 
that cake, bread, and pie are the categories of 
food with the highest TFA concentrations 
(Fig. 5). Partially hydrogenated oil, which 
is the most popular component of coatings 
and fillings, could be the source of the higher 
TFA in these categories.

Figure 5 shows a reduction in TFA 
concentrations occurred in three of four cat-
egories from 2008 to 2012, although TFA 
concentrations varied depending on the 
food category. Table 2 compares the ana-
lytical results of five categories included by 
our survey and by that of Fu et al. (2008). 
The percentage of samples containing more 
than 2% TFA decreased by more than 50% from 2010 to 2012. 

The outcomes of this survey, which were presented in August 
2012 at the ICC/CCOA Cereal and Bread Congress entitled 
“Science and Technology Innovation for Healthy Cereals & Oils” 
held in Beijing, China, revealed that the TFA content within bottled 
cooking oils remained at the same level as those reported by Jiang et 
al. in 2010 (almost 90% had a TFA content less than 0.2%). 

Meanwhile, there was a significant reduction in the TFA con-
centration in oil-bearing processed foods, and the TFA amounts in 
food service oils were generally lower than bottled cooking oils. The 
results demonstrated that significant improvements were made in 
food and oils in China thanks to industrial efforts.

Yuanrong Jiang, Ph.D., has worked as R&D director in Wilmar 
International Ltd. since 2006. Her research interests involve 
nutrition and health of fatty acids, oxidative stability and anti-
oxidants of fats and oils and their processing and flavor. The 
Chinese government has given her numerous scientific achieve-
ment awards. She has over 40 publications and has applied for 
20 patents. She may be contacted at jiangyuanrong@wilmar-
intl.com. The author thanks Xuebing Xu, Peng Hu, Yuquan Zhang, 
Shuhua Xia, and Jingyi Zhang for their assistance in collecting 
and organizing the data and preparing this paper.

FiG. 4. tFa contents of different categories of oil-bearing food. error bars represent 
mean ± standard deviation. For abbreviation see Figure 1.

FiG. 5. Research results comparison. error bars represent mean ± 
standard deviation For abbreviation see Figure 1.

TablE 2. Comparison of percentage of oil-bearing food in different 
tFa range between 2010a and 2012 surveys (oil base)

Food category

Relevance ratio (%)

Sample size (n)2% < tFa < 5% tFa ≥ 5%

2010 2012 2010 2012 2010 2012

Cake, bread, and pie 81 40 30 0 21 52

Cookies 35 9 15 3 34 69

Fried chips 28 0 0 0 21 8

ice cream 60 0 0 0 10 29

Chocolate 35 4 0 0 14 28
aFu et al. (2008). For abbreviation, see table 1.

a list of complete references can be found in the digital edi-
tion. Log in to read the January 2013 issue at aocs.org/login.
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toward oxidative stability and engine deposits. The 1H NMR 
spectrum of the methyl ester family derived from the 18-car-
bon-chain fatty acids, stearic, oleic, linoleic, and linolenic are 
shown in Figure 5. 

This clearly illustrates how the 1H NMR spectrum of 
each methyl ester changes as the unsaturated character of the 
derivative fatty acid chain changes. Integrating the olefinic res-
onance (–CH=CH–) in each of these spectra relative to the 
methoxy resonance (–OCH3) gives an estimate of the number 
of olefinic protons per chain. The results of this quantification 
are shown in Figure 6. 

Quantitative profiling of the fatty acid chains is also 
useful for monitoring the transesterification of oils/fats, from 
which the end product is used to make biodiesel.

Future trends
With increasingly tight budgets, it is often hard to justify the 
purchase of expensive NMR and EMR instrumentation based 
on superconducting- and electromagnets. Additionally, most 
users prefer the convenience of a benchtop instrument that 
may be sited as a resource in a standard laboratory environ-
ment. Benchtop NMR has a proven track record over many 
decades in oil, moisture, and SFC measurements. Magnetic 
resonance instruments based on rare earth magnets—which 
are smaller, lighter, and have much better performance than tra-
ditional AlNiCo magnets—are currently being developed and 
will open up a variety of new applications in the fields of NMR 
and EMR spectroscopy.

FIG. 6. Estimate of the number of 1H per chain using the ratio 
of the integrals of the olefinic (–CH=CH–) region and methoxy 
(–OCH3) region of the 1H spectrum of four methyl esters. Error 
bars were calculated by integrating five spectra per data point.

         Benchtop magnetic resonance (cont. from page 50)  

Kevin Nott obtained his Ph.D. at the University of Cam-
bridge in the field of NMR imaging (MRI) and relax-
ometry applied to food. He continued this work as a 
postdoctoral researcher before joining Oxford Instru-
ments in 2005. Since then he has been primarily working 
on benchtop NMR for a variety of quality control and 
research applications. He can be contacted at Kevin.
NOTT@oxinst.com.

After obtaining his Ph.D. in computational chemistry from 
the University of Sheffield, David Williamson worked in 
the area of liquid state physics at Universidad Autónoma 
Metropolitana in Mexico City and the Institute of Physics 
at the Guanajuato State University, Mexico. On return-
ing to the United Kingdom, his research focus moved 
from computational chemistry to nuclear magnetic 
resonance spectroscopy via the field of magnetic reso-
nance imaging thanks to funding from the UK Medical 
Research Counci. In 2011, he joined Oxford Instruments 
from the Department of Chemistry at the University of 
York, where he had been senior experimental officer 
in the Centre for Magnetic Resonance. He can be con-
tacted at David.Williamson@oxinst.com. 
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