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Oleaginous yeast convert glycerol to triacylglycerol
Yeast-produced oil has a chain-length distribution similar to palm oil.  

Enhancing stability of olive oils by enrichment with natural 
ingredients
Can red chili pepper powder enhance shelf life?

Upgrading glycerol for high-value-added applications
In a true biorefinery, intermediate qualities of glycerin could represent a profit-
able trade-off.  

Antioxidants from soy hull
Soy hull’s low cost, availability, and simple processing requirements could make 
soy hull extract an attractive alternative to synthetic antioxidants.   
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New evidence shows that optimizing production and developing byproducts  
could turn the tide. 
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for controlled  release of vanillin. 
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sarah c.p. Williams

The power of peptides
In every cell of the human body, millions of proteins are buzzing with activity. Some are 
massive pieces of machinery, relatively speaking, that direct chemical reactions; others 
compose the scaffolding that gives cells their shape; and some act as vehicles to carry prod-
ucts and messages throughout the body. There’s no doubting their importance. But there is 
another class of molecule functioning in the shadow of these behemoths: peptides. The little 
siblings of proteins, peptides are smaller molecules composed of the same building blocks.  
	 Despite	their	diminutive	size—and	often	because	of	it—peptides	have	emerged	as	increasingly	
important	biological	entities	capable	of	treating	diseases,	reducing	inflammation,	making	foods	more	
nutritious,	killing	microbes,	and	reversing	aging.	As	scientists	study	the	oversized	properties	of	petite	
peptides,	they	are	beginning	to	discover	how	to	better	isolate,	study,	and	produce	them.	It	is	just	the	
beginning	for	bioactive	peptides.	

bIOpEpTIDE bAsIcs
Proteins and peptides alike are made of strings of proteinogenic, or standard, amino 
acids—22 organic chemical building blocks found in the human body. Depending 
whom you ask, a protein—to gain its moniker—must have more than 20, 40, or 
50 amino acids; an average protein in the human body, though, is much larger 
than this, with somewhere around 500 amino acids. A peptide is any string of at 
least two amino acids that has fewer than this designated cut-off—a few dozen 
building blocks rather than a few hundred. 
      The differences between proteins and peptides, while they are rooted in 
size, do not end with how large or small they are. Because peptides are so short, 
they generally do not fold into complex structures like larger proteins; instead of 
forming helices, sheets, large complexes, and globules, peptides remain a loose, 
two-dimensional string inside cells. And because of both their small size and lack 
of organized structure, peptides tend to be able to sneak through spaces where 
larger proteins can’t fit—they can penetrate the walls of the intestines, human 
skin, and in some cases even the membranes surrounding cells. For drug mak-
ers or food engineers, this is one of the most appealing qualities of biopeptides; 
they can quickly get to the bloodstream to go where they are needed. In addi-
tion, short peptides can be simpler and cheaper to produce compared to com-
plicated, larger proteins. 
      To make proteins, machinery inside a cell’s nucleus first transcribes a strand of 
DNA (deoxyribonucleic acid) into a corresponding strand of messenger RNA (ribo-
nucleic acid; mRNA). Next, in association with ribosomes outside of the nucleus, 
each triplet of m RNA, or codon, is translated into an amino acid that makes up 
a growing protein. Finally, the protein might be processed by the cell through 
the addition of chemical entities on the string of amino acids or the removal of 
sections of the strand. 
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•  peptides that affect how cells  
function—known as “biopeptides”—
are an important subject of study 
within the field of proteomics.

•  Many biopeptides have an effect on 
metabolism or how the body digests 
food, whereas others have functional 
properties that are useful in  
cosmetics.

 
•  This article will get you up to speed 

on biopeptides, which are likely to 
become more plentiful in food and 
medicine as scientists discover  
how to better isolate, study, and 
produce them.
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      When it comes to peptides, a few are produced through this 
classical protein-making pathway. But the vast majority come from 
elsewhere: the food we eat. When you drink a glass of milk or chow 
down a burger, your digestive system is faced with thousands of 
proteins from the food. In the process of digestion, many of these 
proteins are broken down into smaller, manageable chunks: pep-
tides. Some of these have 
no immediate function—
they will go on to be fur-
ther processed so the body 
can later use their building 
blocks. But others are bio-
active peptides; bioactive 
in the sense that they can 
cause a change to a cell’s 
functioning. It is these that 
have caught researchers’ 
attention. 

FIgHTINg 
MIcRObEs
Twenty years ago, molec-
ular biologist Maxwell 
Hincke of the University 
of Ottawa (Ontario, Can-
ada) started studying the 
proteins that make up egg-
shells. He wanted to see 
whether studying how 
eggshells form could help 
inform research on teeth 
and bones. But he soon 
realized that the eggshell 
had even more poten-
tial than being a simple 
model system for calci-
fication. Hincke recently 
spoke about the proteomic 
analysis of eggshell mem-
branes at the 106th AOCS 
Annual Meeting and Industry Showcases (AM&IS) held May 3–6, 
2015, in Orlando, Florida, USA.
      “As the years went by, I saw that the eggshell isn’t just a pas-
sive barrier,” says Hincke. “If you step back, you see that the egg-
shell has all these mechanisms for protecting the life inside it.”
      His group started isolating molecules from the shells and 
studying their functions and discovered that eggshells—which 
are discarded by the ton at egg factories—are a plentiful source 
of bioactive peptides. 
      In particular, Hincke and his colleagues have homed in on 
eggshell biopeptides that fight microbes. “This is a completely 
novel source of antimicrobial peptides, so we’re getting a differ-
ent kind of insight than ever before,” says Hincke. While all ani-
mals have proteins called beta-defensins that help fight disease, 

for instance, Hincke has unearthed a new beta-defensin that is 
unique to eggs and may be able to treat bacterial infections that 
have classically resisted antibiotics. 
      The finding is an example of why it is so important to isolate and 
characterize biopeptides from new sources, Hincke says. “Nature 
is a huge experimental engine for developing molecules with 

diverse properties,” he 
says. “We can always go 
to the lab and manufac-
ture synthetic peptides, 
but it speeds things up if 
first we can identify a nat-
ural mechanism [that] is 
the result of millions of 
years of evolution.”
      Often, Hincke says, 
peptides or proteins can 
be studied to find the 
shortest sequence of 
amino acids—within the 
larger molecule—that is 
required for something 
like an antimicrobial func-
tion. “One of our goals is 
always to define the mini-
mal sequence activity,” 
he says. “Then we can 
play around with that 
sequence to optimize the 
function.”
      Eggshells aren’t the 
only place where sci-
e n t i s t s  h av e  f o u n d 
antimicrobial biopep-
tides. Hincke has now 
iso lated some f rom 
chicken blood, and oth-
ers have pinpointed 
them in the breakdown 
products of cow and 
goat milk, beef, and 

whey. Each works a different way: some bust a microbe’s 
outer membrane, whereas others interfere with the microbe’s 
production of DNA or proteins. Some work against nearly all 
microbes, while others are more specific—a peptide from 
goat milk cheese, for instance, has been found to improve 
the symptoms of people infected with Helicobacter pylori.  
      There are likely more antimicrobial peptides that have yet to be 
discovered, Hincke points out. “Everything alive has to be able to 
resist bacterial invasion,” he says. “And it’s a big world out there.”

continued on next page

The power of peptides
BIOACTIVES

        Mitochondrial apoptosis (cell death) in cancer is reactivated by targeting  
the BCL-2 protein family with hydrocarbon-stapled peptides.  
Credit: Eric Smith, laboratory of Dr. Loren Walensky, Dana-Farber Cancer Institute
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pEpTIDE DIET 
Because many biopeptides are produced when food is broken 
down in the gut, it is not surprising that many of these mini-pro-
teins have an effect on satiety, appetite, or how the body digests 
food. In an age of obesity, heart disease, and diabetes epidemics, 
it is obvious why scientists would be actively researching these 
effects of biopeptides. 
 “Dietary proteins have been known to induce satiety with dif-
ferent degrees but the mechanism has not been clear,” says Hiro-
shi Hara, a professor of food science and nutritional biochemistry 
at Hokkaido University in Sapporo, Japan. Hara also presented at 
the recent AM&IS.
 Often, research starts because scientists know that a food 
source is particularly good at making people feel full—or at low-
ering blood pressure or cholesterol. Then, researchers try to pin 
down what proteins or peptides are causing this effect. 
 For Hara, it began with soybeans. Researchers had shown 
that a soybean protein called β-conglycinin lowers cholesterol and 
decreases the incidence of atherosclerosis in mice, and suppresses 
hunger in humans. Hara wanted to know what shorter peptides 
within the β-conglycinin protein were responsible for the activity. 
So—as is standard in trying to isolate biopeptides—Hara’s group 
digested the β-conglycinin protein in the lab and then tested the 
smaller fragments for their effectiveness at decreasing appetite in 
rats. The researchers identified a peptide (β 51-63 peptide) that 
worked. 
 “Isolation and identification of the active structures in proteins 
like this are important to understand the mechanism,” Hara says, 
and to work toward “application of the peptides for prevention of 
obesity or therapeutics of diabetes.”
 Hara’s group is now studying peptides from other types of 
beans, as well as from sweet potatoes, which have been shown to 
temper fluctuations in blood sugar. Other researchers have found 
that fish and seafood are a plentiful source of bioactive peptides 
that modulate appetite, blood pressure, blood sugar, or cholesterol.
 Toshiro Matsui, a professor of bioscience at Kyushu University 
in Fukuoka, Japan, has isolated tiny peptides—some only two amino 
acids long—from soybeans, egg whites, and teas—that apparently 
help prevent high blood pressure and clogged arteries. Matsui 
spoke about bioactive peptides at the May 2015 AM&IS.
 “The advantage of peptides [over proteins] is their preferable 
intestinal absorption into our body,” says Matsui. The peptides he 
has found, he believes, affect levels of calcium inside cells, which 
is key to how they signal. But other peptides exhibit similar effects 
by blocking a protein called angiotensin-converting-enzyme (ACE), 
causing blood vessels to relax. Matsui is still characterizing all the 
effects of the biologically active amino acid pairs that he has iden-
tified. 
 “Dipeptides could improve kidney dysfunction, suggesting 
that small peptides have still more unknown potential and physi-
ological actions,” he says. To better understand these roles, he has 
developed a method of labeling peptides to track their movement 
through the body. 
 Both Hara and Matsui say that scientists someday may be able 
to integrate the peptides they find into pills or even food itself to 
help prevent obesity and diabetes. But, as is the story for many 
newly discovered biopeptides, more work is needed to character-
ize the peptides before that can happen. 

bIOpEpTIDE bEAUTy
If you read the front of cosmetic containers—everything from anti-
aging facial lotion to shampoo—you might think there is one area 
where biopeptides are already making a big splash in the commer-
cial world. You will see “peptide-infused eye cream,” “peptide lip 
therapy,” and “peptide cleansing gel” at the beauty counter. But 
don’t jump to conclusions just yet. 
 “In reality, most of the marketing you see for cosmetics—includ-
ing claims about peptides—is exaggeration,” says Perry Romanowski, 
a cosmetic chemist, vice president of Brains Publishing, and co-
founder of the cosmetics blog The Beauty Brains. He spoke about 
the use and effectiveness of proteins and peptides in cosmetics at 
the AOCS AM&IS. In fact, he points out, if cosmetics did have bio-
active peptides in them, they would no longer be just a cosmetic; 
they would have to be regulated by the US Food and Drug Admin-
istration (FDA) as a drug. That is because a cream or cleanser that 
interacts with the skins’ metabolism—which a peptide would need 
to do to be dubbed “bioactive”—falls under the FDA’s jurisdiction. 
 But Romanowski does admit the claims—in some cases—aren’t 
just pulled out of nowhere. There are a number of biologically active 
peptides that research has shown might have anti-aging or wrin-
kle-removing properties. They are just not likely to be in over-the-
counter creams any time soon. “It is really a gray area,” he says. 
 Peptides advertised in cosmetics—both those that fail to pro-
vide their alleged function and those found in drugs that do—gen-
erally fall into one of a few categories. Neurotransmitter peptides, 
such as the botulinum toxin used in Botox™, affect the function of 
nerve cells and can reduce wrinkles by relaxing muscles in the face. 
Although Botox has been found highly effective, less potent ver-
sions of neurotransmitter peptides found in some new over-the-
counter creams do not have much effect so far, Romanowski wrote 
in a recent blog post on peptides. 
 Other peptides can act as signaling molecules or enzymes, 
controlling the production or breakdown of larger proteins in the 
skin—including proteins such as collagen and elastin, which give 
skin its firmness. And a final set of peptides, carrier peptides, are 
said to transport small molecules such as copper and magnesium 
into the skin. 
 “Scientists have demonstrated through research that some of 
these do work,” says Romanowski. A peptide called GHK-copper, 
for example, has been shown in the lab to make skin more firm. 
But whether the dose of it in your skin cream has that effect is not 
clear; and if it does, the FDA and other regulatory agencies around 
the world might be stepping in to regulate it. 
 Research on anti-aging peptides, Romanowski says, is moving 
forward particularly quickly. “I do think products are getting a bit 
better,” he says. “But there’s also a lot of fluff.”

WHERE DOEs cOllAgEN cOME IN?
Among the most recognizable proteins—along with insulin and 
hemoglobin—is collagen. Collagen is the subject of an active area 
of peptide research because it is a vital component of skin, ten-
dons, ligaments, cartilage, and muscles in humans. Because of its 
many roles, researchers have been searching for smaller peptides, 
within the larger collagen proteins. 
 At Kyoto Prefectural University in Japan, Professor of Applied 
Biosciences Kenji Sato is among those isolating small peptides from 
collagen. He set out to see what peptides were circulating in a per-
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son’s bloodstream after ingesting collagen—or gelatin, the melted, 
unstructured form of the protein found in some foods. But he quickly 
ran into a problem that others have also run up against: Isolating 
tiny peptides from blood is tricky. 
 So Sato recently fine-tuned a technique to isolate the peptides 
he wanted to study. Using a chemical called phenyl isothiocyanate 
(PITC), Sato can isolate and identify the peptides that would have 
been missed using conventional analytical methods. 
 With this new technique, Sato has found almost a dozen di- and 
tripeptides that are present in the bloodstream after a person eats 
collagen. Of these, he has shown that a couple, including hydroxy-
prolyl-glycine and prolyl-hydroxyproline, can stimulate the growth 
of new skin cells. Aside from cosmetic uses (there are already col-
lagen peptide “beauty drinks” on the market), Sato hopes that the 
peptides might eventually have medical use. 
 “I hope the collagen peptide can be used in the hospital as a 
‘medical food’ to improve wound healing,” he says. 

MOvINg FORWARD
Because peptides generally are the byproducts of digestion—and 
are, therefore, molecules that the human body has been exposed 
to for years—researchers hope that they will be found to be safer 
than new, engineered drugs that may have unexpected effects in 
the body. If the body has no problems digesting soybeans, they 
argue, then there is no reason a dose of a peptide that comes from 
soybeans should cause problems. But even if this is the case, bio-
peptides that are truly biologically active must be tested in rigorous 
trials to ensure that they do what they say and are safe for consum-
ers and patients. 
 The good news 
for those who want 
to see biopeptides 
on their food and 
pharmacy shelves is 
that research on the 
molecules is pick-
ing up: the num-
ber of new peptides 
entering clinical trials 
each year jumped by 
1,300% between the 
1970s and 2000s. 

 Aside from further research on the peptides that have already 
been identified, work continues on developing new methods to 
characterize biopeptides by degrading proteins in new ways, sep-
arating the resulting fragments in new ways, and screening them 
for biological function in new ways. Moreover, scientists want to 
understand better what happens to peptides when they are in the 
body, using tracking methods such as the labeled peptides Matsui 
uses. Are there general rules that dictate when a biopeptide can 
be absorbed by the skin or the intestine, or when a peptide is fur-
ther degraded instead of circulating in the body? Some guidelines 
on peptide properties are known, but researchers cannot yet pre-
dict the behavior of every peptide. 
 Every day, we ingest peptides found naturally in the food we 
eat and produce even more peptides made by our own bodies. So, 
when a product claims it contains peptides, it is nothing unusual. 
But, in the future, bioactive peptides may be even more plenti-
ful in the food supply and medicine cabinet. It will just take more 
research to get there. 

Sarah C.P. Williams is a freelance science writer who covers biol-
ogy, chemistry, and medicine for magazines, newspapers, web-
sites, and institutions around the globe. Her work has appeared 
in the Los Angeles Times, Science, Nature Medicine, and New Sci-
entist, among many other publications. She can be contacted at  
sarahcpwilliams@gmail.com. 

A  sampling  of  peptides  being  researched  
  
Peptide  Name   Source   Application  
Lunasin     Soybean,  barley,  wheat,  rye   Anticancer  
VSVFL   Canola/rapeseed   Antihypertensive  
WNI/LNA  NI/LDTDI/L   Flaxseed   Antihypertensive  
FCVLRP   Marine  shrimp  (Acetes  

chinensis)  
Antihypertensive  

MEGAQEAQGD   Sea  cucumber  (Acaudina  
molpadioidea)  

Antihypertensive  

Leu-‐Gln-‐Pro-‐Gly-‐Gln-‐Gly-‐Gly-‐
Gln-‐Gln  

Sardine  muscles   Antioxidant  

Tyr-‐X-‐Phe-‐Leu-‐Gly-‐Leu-‐Pro-‐Gy-‐
X-‐Thr  

Cow  placenta   Immune  Boosting  

Pro-‐Hyp   Collagen   Wound  Healing  and  
Inflammation  

Ala-‐Phe-‐Asn-‐Ile-‐His-‐Asn-‐Arg-‐
Asn-‐Leu  

Shellfish  (Mytilus  coruscus)   Anticancer  

GLSDGEWQ   Beef   Antibacterial  
Tyr-‐Pro-‐Phe-‐Pro-‐Gly-‐Pro-‐Ile-‐Pro-‐
Asn-‐Ser-‐Leu  

Cow’s  milk   Opioid  agonist  (pain  relief)  

Pal-‐Lys-‐Thr-‐Thr-‐Lys-‐Ser  
(Palmitoyl  pentapeptide-‐4)  

Collagen   Antiwrinkle  

  
  

       The biopeptides that researchers around the world have isolated come from diverse sources. Those listed here 
are all still under investigations for their potential to affect health.

       
A sampling of peptides being researched
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Hiroshi kurokawa

Oleaginous yeast convert  
        glycerol to triacylglycerol

In	2050,	the	world’s	population	is	predicted	to	reach	
9 billion people, and a food shortage is predicted. 
Accordingly,	research	to	diversify	inedible	oil	sources	
for	industrial	applications	and	fuel	has	been	progress-
ing.	Recent	green	technology	studies	of	biomass	uti-
lization	have	shown	that	oleaginous	yeast	is	a	leading	
candidate	as	an	alternative	to	vegetable	oil	as	a	raw	
material for the surfactants used in detergents and 
biofuel	production.
 Meanwhile, research into petroleum-alternative fuels, such as 
biodiesel, is actively being conducted. Biodiesel is produced by the 
transesterification of vegetable oil and methanol, and glycerol is a key 
byproduct. Biodiesel is expected to be a renewable energy source, and 
expansion of its production is predicted. One way to prevent this expan-
sion from impacting the food supply is to produce biodiesel from used 
cooking oils, chicken fat, brown grease, gutter oil, and other waste oils.
      Hiroshi Kurokawa, a researcher in the Functional Material Science 
Research Laboratories at the Lion Corp. (Tokyo, Japan) and Takafumi 
Naganuma at the University of Yamanashi (Kofu, Japan), have taken a 
different approach that focuses on the glycerol that is generated as a 
byproduct of biodiesel production from vegetable oil. Glycerol deriva-
tives have been studied as key compounds of chemical synthesis. 
 Using such studies as a starting point, Kurokawa and Naganuma, 
have developed a strategy to convert glycerol to oil using “oleaginous 
yeast” by way of a glycerol byproduct. 
 The yeast produces oil by using carbon sources such as glucose, 
xylose, and glycerol, among others. The yeast can accumulate triacylg-
lycerol to an amount of up to 50% of its cellular dry weight. Thus, the oil 
content of the yeast is superior to that of various food crops. Efficient 
oil production can be realized by combining the use of yeasts, carbon 
sources, and appropriate fermentation conditions. In this way, the yeast 
can produce oil with properties similar to vegetable oil, and the yeast-
produced oil can be considered to be non-edible oil materials that do 
not compete with food. To practically realize the production of such 
non-edible oil sources, it is first necessary to improve the total oil pro-
duction volume and productivity rate.

•  glycerol is a byproduct of biodiesel  
production, but glycerol derivatives  
are also key compounds of chemical  
synthesis. 

   
•  Researchers at the lion corporation  

in Tokyo, Japan, recently developed a 
strategy that uses oleaginous yeast to 
convert glycerol to oil.

•  The fatty acid chain length distribution 
and physical properties of the oil are 
similar to those of palm oil, indicating 
that the oil could be used as an  
alternative to vegetable oil.



 Therefore, Kurokawa and colleagues studied the appropri-
ate fermentation conditions required to produce high oil produc-
tion from glycerol using the yeast strain Lipomyces starkeyi CBS 
1807 (Fig. 1), which is the type strain of the species. To establish 
a high-density culture, the researchers evaluated the effect of 
the nitrogen source on cell growth and oil content as well as the 
effect of glycerol concentration on the total oil amount. The con-
trol of the nitrogen source was an important factor to consider, 
since it promotes a phase change in the yeast: The presence of 
a nitrogen source promotes cell growth, and nitrogen deficiency 
promotes oil accumulation. 
 On the other hand, there is a positive correlation between 
glycerol consumption and total oil production, irrespective of 
culture conditions. Therefore, it is necessary to increase glycerol 
consumption to increase total oil production. However, glycerol 
consumption is inhibited by high initial glycerol concentrations 
with regards to consumption speed. Therefore, the control of 
low glycerol concentration would accelerate glycerol consump-
tion.
 Based on the fundamental studies conducted to date, high-
cell density culture fermentation was conducted in a five-liter 
bioreactor, known as a jar fermenter. As a result, the total oil 
production volume and productivity rate were approximately 
60 grams/liter and 0.45 grams/liter/hour, respectively. To con-
sider the potential commercialization of this oil, a 90-liter pilot-

scale fermentation experiment was conducted. As a result, the 
oil productivity was equivalent to that obtained at the five-
liter scale. The researchers also confirmed the fatty acid chain 
length of the yeast-produced oil. The chain length distribution 
was mainly 32.8% palmitic acid and 51.1% oleic acid, which was 
similar to that of palm oil. Other physical properties were also 
similar. Therefore, the yeast-produced oil can be used as an alter-
native to vegetable oil.
      Moving forward, the researchers will continue to improve the 
production speed and to utilize crude glycerol as a raw mate-
rial. If it is possible to use crude glycerol, the total cost can be 
reduced. However, organic impurities in crude glycerol inhibit 
yeast growth. If this problem can be resolved, it will facilitate 
the practical use. The researchers have over 400 wild Lipomyces 
strains, and are continuing to screen and breed them.

Hiroshi Kurokawa is a researcher in the Functional Material Sci-
ence Research Laboratories at the Lion Corp. in Tokyo, Japan. 
He joined Lion after graduating in 2007 from the Department 
of Chemistry, School of Science and Engineering at Waseda Uni-
versity in Japan. For the past several years, he has been search-
ing for a new oil source that is an alternative to vegetable oil. 
 

FIG. 1. The yeast strain Lipomyces starkeyi CBS 1807 10μm at 5,000 X magnification 
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  Antonella cavazza, paola salvadeo, carmen 
laganà, stefania corti, claudia Mancinelli, 
and claudio corradini

•  The healthful properties of olive oils 
strongly decrease during storage due to 
oxidative and hydrolytic degradation of 
bioactive compounds.

•  Aromatic plants, such as rosemary and 
oregano, and spices such as red chilli 
pepper powder are rich in compounds 
with strong antioxidant properties. 

•  A screening of olive and extra-virgin ol-
ive oils enriched with small amounts of 
essential oils or red chilli pepper powder 
was performed through a rapid analysis 
that measures oxidative stability with-
out preliminary fat separation. Results 
showed an enhancement of shelf-life in 
all experiments.

Enhancing stability of 
olive oils by enrichment 
with natural ingredients

Olive	oil	is	an	important	component	in	the	Mediterranean	diet.	Several	positive	health	benefits	are	attrib-
uted	to	the	oil,	but	its	shelf	life	is	limited	since	the	bioactive	compounds	in	the	oil	degrade	during	storage,	
which	diminishes	its	organoleptic	and	healthful	properties.	For	these	reasons,	the	control	of	olive	oil	
shelf	life	is	an	important	area	of	research,	and	some	recent	studies	have	also	used	mathematical	mod-
eling	to	predict	it.	The	main	effects	reported	to	occur	in	olive	oils	during	storage	are	linked	to	the	lipidic	
and	polyphenolic	fractions,	and	involve	oxidative	and	hydrolytic	degradation	of	several	compounds.

The oxidative stability of an olive oil seems to be highly correlated to its initial 
content of natural antioxidants. 
 Consequently, the addition of natural substances has been proposed as a 
way to protect foods from deterioration and to prolong their shelf life.  Indeed, 
there is a historical basis for this approach as aromatic plants, which contain 
essential oils with important antimicrobial, antioxidant, and other biological 
activities, have been used since ancient times as natural preservatives in food 
flavorings, pharmaceuticals, cosmetics, and perfumes. 
 Essential oils from oregano and rosemary, for example, have been widely 
used in such diverse types of food products as cheese, olive oil, and mackerel 
oil, where they provide higher resistance to oxidation and increased thermal 
stability. Oregano contains high percentages of the phenols carvacrol and thy-
mol (known for antimicrobial and antioxidant activity) as well as the monoter-
pene hydrocarbons p-cymene and c-terpinene, which are flavor and perfume 
ingredients. The flavonoids of oregano are also a group of compounds with 
antioxidant activity. Rosemary essential oil contains carnosic acid, carnosol, 
and rosmarinic acid, which impart effective antioxidant properties. 
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continued on next page

NATURAL ANTIOxIDANTS

 Spices have also been proposed as a way to protect food 
from oxidation. In particular, red chilli pepper powder (Capsi-
cum ss. vv.) is a remarkable source of antioxidants, including 
flavonoids (quercetin, luteolin), phenolic acids, carotenoids 
(carotene, capxanthin, zeaxanthin), and vitamins (vitamin A, 
ascorbic acid, and tocopherols). The major pungent compo-
nents of red chilli pepper powder are capsaicinoids. These 
compounds exhibit an interesting antioxidant activity, which 
has been found to prevent the oxidation of oleic acid at cook-
ing temperatures as well as the formation of lipid hydroper-
oxides from the autoxidation of linoleic acid. 
 Scientists in the Department of Chemistry at the Univer-
sity of Parma (Parma, Italy) and Velp Scientifica (Usmate, Italy) 
recently conducted a screening to evaluate the effects of add-
ing various natural products known for their antioxidant prop-
erties to virgin olive and extra-virgin olive oils. Two essential 
oils (rosemary and oregano) were added to olive oil, and two 
spices (sweet and hot red chilli pepper powders) were added 
to extra-virgin olive oil (Fig. 1).
 The degree of lipid oxidation of an oil can be measured by 
chemical or physical methods (direct methods) that are often 

time consuming, expensive, and require trained people. The 
level of oxidation of fatty foods can be also determined with 
indirect methods through tests which measure the fatty food’s 
stability under accelerated conditions (such as elevated temper-
atures) that allow autoxidation measurements to be obtained 
in a few hours instead of weeks or months. Generally, these 
accelerated tests provide an oxidation curve, characterized by 
an Induction Period (IP), which measures the time required to 
reach the starting point of oxidation that corresponds either to 
a level of detectable rancidity or a sudden change in the rate 
of oxidation. 
 In this screening, the oxidative stability of oil samples—
both at the beginning and during storage—was investigated 
by accelerating the oxidation process through the use of Velp 
Scientifica’s Oxitest reactor, an instrument that speeds up the 
oxidation process based on two accelerating factors: tem-
perature and oxygen pressure. Compared to similar and con-
ventional technologies, the Oxitest reactor is easy to use, as it 
allows the analysis to be performed directly on the food (liq-
uid, solid, or pasty) without previous fat separation. 

FIG.1. Olive oil and an example of essential oil bordered by three sources of essential oils: red chili pepper, rosemary, and 
oregano
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 The instrument, shown in Fig. 2, mea-
sures the absolute pressure change inside 
two independent, closed, and thermo-
stated chambers, monitors the oxygen 
uptake by reactive components in the 
samples, and automatically generates an 
Induction Period (IP) value (Maiocchi, P. 
and U. Bersellini, 2007). The longer the 
IP was, the higher the stability against 
oxidation over time. 
       A series of preliminary experiments 
indicated that the quantities sufficient for 
observing a significant effect on stability 
were 1% w/w for red pepper powder and 
3% w/w for essential oils, respectively. 
 Oil stability was measured on the 
blank oils (to which nothing was added) 
and on enriched oils just after the adding 
the natural product, to evaluate a possi-
ble immediate effect in protection from 
oxidation. Measurements of the extra-
virgin oil samples were repeated after 
aging them in a dark room at room tem-
perature for one year. 
 Fig. 3 is a graph of induction time 
obtained for blank olive oil (A) and for 
olive oil enriched with rosemary essen-
tial oil (B), where the difference in the flex 
point of the curve can be seen.

FIG. 2. Oxitest reactor

FIG. 3. IP of blank olive oil (A) and olive oil samples enriched with 3% of rosemary 
essential oil (B)
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 Results about samples examined are reported in Figs. 4 and 
5. All samples enriched with essential oils and spices showed a 
longer IP than blank oils, thus confirming the antioxidant activity 
exerted by the natural product that was added.
 Previous studies had shown rosemary to be more effective 
than oregano in stabilizing olive oil—most likely because oregano 
essential oil has a higher content of volatile antioxidants, such as 
carvacrol, which may have partially evaporated during storage 
(Antoun et al, 1997). However, in our study, the evaporation of 
volatile components of oregano essential oil did not affect the 

final result, and oregano demonstrated stronger antioxidant activ-
ity than rosemary oil. This is most likely because the experiments 
were performed in a closed thermostated chamber, where any 
evaporated volatile compounds would remain in contact with the 
oil sample. Thus, minimizing evaporation as a factor provided a 
more realistic evaluation of the effects exerted by the essential 
oils.  
 In measuring the stabilizing effects of the red pepper powders 
that had been added to the extra-virgin oil, we observed that the 
increase in IP became more pronounced after aging, suggesting 

  FIG. 4. IP (minutes) of blank olive oil and olive oil samples enriched with 3% of essential oil

FIG. 5. IP (minutes) of blank extra-virgin olive oil and extra-virgin olive oil samples enriched with  
1% of spices 

continued on page 659
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                 Franck Dumeignil

•  The smart and efficient conversion 
of glycerol to high-value-added 
chemicals is key to ensuring the sus-
tainability of biodiesel production.

•  In a true biorefinery approach that 
maximizes profitability, using cheap 
crude glycerin in a chemical process 
is not necessarily less costly than 
using more expensive refined glyc-
erol; using intermediate qualities 
can be a profitable trade-off.

•  The deactivation of catalysts during 
coking can be tackled from different 
angles, by fine-tuning the chemi-
cal properties of the catalysts and/
or by designing a smart adapted 
process.

Upgrading glycerol  
for high-value-added  
applications
Since the biodiesel boom began in about 2005, the glycerol supply has increased considerably, 
from about 0.5 million cubic meters (Mm3) in 2005 to about 2.5 Mm3 in 2013, due to glycerol 
being	a	byproduct	of	biodiesel	production	through	the	transesterification	of	triglycerides.

 More than 2,000 possible applications of glycerol are reported in the 
literature. As a pure refined compound, glycerol tastes like sugar, which 
makes it, for example, a good sweetening agent in toothpastes. It can also 
be chemically upgraded to yield large-volume compounds such as acrolein 
and its derivatives. However, although several advanced glycerol processes 
have been developed on a laboratory/demonstration scale, few have reached 
commercial-scale production. One exception is the epicerol® process Solvay 
developed to produce epichlorohydrin from glycerol. This process is actually 
an inversion of an initial process that was developed for producing glycerol 
from epichlorohydrin when glycerol was in short supply (http://tinyurl.com/
nlahny2).
 The commercialization of other advanced glycerol processes is hampered 
by several factors. One is uncertainty regarding the glycerol supply caused by 
unpredictable fluctuations in regulations. The revised incorporation rate for 
biofuels in Europe, which was reduced from an initial target value of 10% by 
2020 to 7%, has had repercussions throughout the biodiesel sector. Several 
existing units in France have closed, and some newly built units in Germany 
have postponed or discontinued operations. Such fluctuations are a threat 
to future investments in such projects.
 Other hurdles to commercialization include the high cost of purifying the 
“dirty” glycerol obtained from the transesterification process and the stability 
of the heterogeneous catalysts used for gas-phase glycerol upgrading. Such 
catalysts are quickly deactivated by coking (the formation and deposition of 
undesirable carbonaceous compounds on the catalyst’s surface), making their 
industrial applicability questionable.
 The following is a global perspective of these factors and possible solu-
tions, based on work done by our research group.

bETTER EcONOMIcs THROUgH  
DIvERsIFIcATION AND INTEgRATION
 The commercial challenges described above arise from the historical singular 
function of biodiesel units, which were exclusively dedicated to biofuels pro-
duction. The downside of this approach is that biofuels must be cheap to be 
acceptable to the market, and competitive cost pressures result in low mar-
gins and an overall economy that is largely dependent on government incen-
tives and subsidies.  In contrast, about 90% of the raw materials used in the 
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petroleum industry (namely oil) is used to produce fuels and the 
remaining 10% or so to produce high-value chemicals that account 
for approximately 90% of the industry’s overall profits. Believ-
ing that an industrial unit will survive only on biofuels produc-
tion is thus an illusion that 
will undoubtedly sooner or 
later fade away.
 Diversifying outputs 
could open the door to 
many business opportu-
nities. Such a biorefin-
ery approach could, in 
its most evolved config-
uration, simultaneously 
accept multiple types of 
biomass, treated by mul-
tiple processes, to gen-
erate multiple products. 
Specifically concerning the 
topic of the present arti-
cle, this approach, as out-
lined within the framework 
of the EuroBioRef PCRD7 
European program (www.
eurobioref.org), seeks to 

optimize the value of glycerol by streamlining an additional chem-
ical production unit with a biodiesel unit. This can be further 
extended to vegetable oil (and also animal and used oils) bio-
refineries that could produce high-value-added products from 
fatty compounds, glycerol, and any other coproducts along the 
value chain (Fig. 1).
 My research team is currently involved in the large-scale 
PIVERT (Institute for Energetic Transition) project, which aims 
to design a plant-oil biorefinery through such an integrated and 
diversified concept (http://www.institut-pivert.com/?lang=en). 
Note that plant-oil-derived fatty compounds are already used to 
make polymers. For example, both Arkema and Solvay use ricin-
oleic acid from castor oil as a raw material to produce RILSAN® 
(http://www.rilsan.com/en/) and Technyl® exten (http://www.
technyl.com/en/solutions/featured-product/technyl-exten/index.
html), respectively, as commercial products with superior tech-
nical properties. Extending this concept to a variety of chemi-
cals and other value-added products, such as activated carbons 
(as exemplified in the EuroBioRef project), would provide the basis 
for a product line that, together with conventional fuel applica-
tions, would make the whole integrated process more economical.

glycEROl vs. glycERINE
 As mentioned previously, the biodiesel industry is the main source 
of glycerol today. However, the glycerol produced in a biodiesel 
unit is a dirty, complex mixture containing methanol, organic 
compounds, salts, base residues, and other impurities. Known 
as “crude glycerol,” or “glycerin,” this mixture is often subjected 
to a downstream multiple-step purification process in which the 
impurities are sequentially eliminated to yield “pure,” or “refined,” 

FIG. 1. Schematics of a plant-oil-biorefinery value chain that  
integrates fuel and chemicals production

      
FIG. 2. Should I use crude or refined glycerol in my process to make it more profitable? The answer  
is not straightforward: The best option will most probably consist on a trade-off between an acceptable 
degradation in chemical catalytic performances in the presence of impurities and the easiness of 
separation of the desired final product(s) to get the required final quality at reasonable costs.

continued on next page
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commercial glycerol. Unfortunately, this extensive purification pro-
cess has a significant cost that affects the cost of the final product 
obtained through subsequent chemical conversion. It is worth men-
tioning that some research efforts are currently exploring alternative 
biodiesel production processes that would directly generate “pure” 
glycerol as a co-product, but such technologies are not likely to be 
implemented soon, and meanwhile we must cope with substantial 
amounts of crude glycerol.
 The advantageous price of crude glycerol compared to that of 
pure glycerol (which costs three- to five times as much) raises the 
question of whether it is possible to design chemical conversion pro-
cesses that are tolerant to the impurities present in crude glycerol 
streams. The answer to this question is not straightforward for the 
reasons illustrated in Fig. 2 (page 625).
 Even if the downstream application of the final desired product 
is unaffected by the presence of impurities, which is highly unlikely, 
a purification step would still be needed after the chemical con-
version—not only to separate the byproducts from the upgrading 
technology, but also to eliminate any unaltered or converted initial 
impurity.
 In the case of a liquid phase process, even if an operator chose 
to perform only one global purification at the end of a procedure 
using crude glycerol as a raw material to eliminate all the impurities 
in one shot, it is most likely that the catalyst used for the chemical 
upgrading would not tolerate some of the impurities present in the 
initial stream. This would degrade chemical performances and yields, 
burdening the overall efficiency of the approach.
 One intermediate solution, if technically possible, would be to 
define, generate, and use intermediate qualities of glycerol (“semi-
refined” glycerol) in which only the impurities harmful to specific cat-
alysts are removed prior to the reaction—or, alternatively, to design 
catalysts that would be more tolerant to such impurities.
 Our research group recently evaluated the effect of various glyc-
erin impurities on the performances of model catalysts used for glyc-
erol liquid phase partial oxidation to high- value-added compounds. 
The catalysts we examined consisted of monometallic particles of Pt, 
Au, Pd, and Ag supported on alumina. In all cases, we observed that 
the matter organic non glycerol (MONG) stuck to the catalyst and 
blocked the active sites, causing further foaming in the presence of a 
base. The initial catalytic performances could be recovered by wash-
ing the catalyst with inorganic solvents, which sufficiently flushed 
out the MONG. However, in designing a sustainable process, MONG 
should obviously be removed from the initial stream.
 In contrast, the presence of residual methanol from the trans-
esterification process was observed to be beneficial, as it facilitated 
the smooth dissolution of the oxidant (molecular oxygen) from the 
gas phase to the reactive liquid medium, thereby enhancing the oxi-
dation process in the liquid phase. The base residues remaining after 
transesterification also had a positive effect. This was not surprising 
given that basic conditions are usually beneficial to the glycerol liq-
uid phase partial oxidation reaction.
 The presence of inorganic salts that arise from the neutralization 
of the homogeneous base used in the transesterification process did 
not have any significant effect on the reactivity of the catalysts. How-
ever, we more recently identified trace amounts of sulfur compounds 
(the nature and origin if which are still unclear) in the streams that had 

a negative effect. Our findings also indicated that some trace metals 
could also have an effect on the reactivity of the system, but more 
research is needed to clearly unravel the nature and extent of their 
action. Finally, among those catalysts we studied, the Pd-based one 
was the most tolerant to the glycerin impurities. Moving forward, it 
would be interesting to investigate the effects of impurities on bime-
tallic systems and/or when using alternative supports (other than 
alumina), as this might help us identify even more tolerant catalytic 
formulations.
 In designing an optimal operation, such considerations and param-
eters could ultimately be used to identify the best tradeoff, requir-
ing process designers and reaction developers to work together to 
choose the best combination of purification options, catalytic activ-
ity, and stability to meet required technical specifications (per cus-
tomers and regulations) and product price point.
 Although such considerations are useful for liquid phase pro-
cesses, they are less relevant for gas phase processes, as vaporizing 
the impurities together with glycerol to feed a continuous reactor 
would be impractical due to the heterogeneity of the stream. How-
ever, some combined processes that accept crude glycerol as a raw 
material using specifically designed evaporation/separation devices 
to selectively bring glycerol vapors to the catalytic conversion reactor 
have been reported (Dubois, J. –L. (Arkema), WO 200812908, 2008, 
and Kijenski, J., et al., (Inst. Chemii Przemyslowe), EP 1860090, 2007.)

HETEROgENEOUs cATAlysTs cOkINg
Heterogeneous catalysts coking is a common issue when address-
ing gas-phase upgrading of biomass-derived platform molecules. 
Biomass-derived oxygenated compounds have a high reactivity, 
which can lead to uncontrolled polymerization reactions between 
chemical intermediates. Such reactions produce carbonaceous com-
pounds, known as “cokes,” that chemically bind to the surface of the 
catalysts, blocking the active sites and drastically degrading catalytic 
performances. Another complicating factor to consider is that pure 
glycerol starts to decompose at about 300 °C, while glycerol atmo-
spheric pressure gas-phase conversion processes typically take place 
at temperatures between 250 and 350 °C. Nevertheless, glycerol is 
conventionally introduced as an aqueous solution in the reactor, as 
it would be too challenging to attempt vaporization of this highly vis-
cous compound under its non-diluted pure form.
 Roughly, two strategies for coping with catalyst deactivation 
issues were proposed in the academic literature and in patents:
1. introducing small quantities of oxygen in the feed, either continu-
ously or in pulses, with optional introduction of an oxygen-splitting 
functionality to the catalyst to facilitate continuous elimination of 
the cokes by “burning.”
2. using a fluid catalytic cracking-like (“FCC”) process in which the 
catalyst is continuously circulated between too reactors. The reac-
tion takes place in the first reactor, while regeneration by coke burn-
ing takes place in the second.
 Our research team has developed two additional strategies that 
can be applied to the conversion of glycerol to acrolein, which is an 
important intermediate in the chemical industry. The first strategy 
involves fine-tuning the catalyst’s acidity—a critical parameter for 
the conversion reaction. Indeed, the catalyst must be sufficiently 
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acidic to enable the glycerol double dehydra-
tion reaction to acrolein, but not too acidic, as 
that would promote the undesired formation 
of cokes.
 The required balance was achieved by 
designing a composite catalyst based on a 
rather conventional acidic active phase known 
as silicotungstic acid, which we supported on 
an original carrier composed of ZrO2 (zirconia) 
nanocrystallites dispersed in a nano-designed 
honeycomb-like structure of silica (called an 
“SBA-15”). The silica structure was designed 
to be resistant to the hydrothermal condi-
tions under reaction, and its pore-size diam-
eter was set at an optimal value for avoiding 
the confinement effects that would lead to 
undesirable side-coking reactions. The use of 
an SBA-15 as a host matrix for the ZrO2 sup-
port further enables conferring to the whole 
catalytic system mechanical properties that 
ZrO2 alone, while being a very good support 
from a chemical point of view for this reac-
tion, could not afford. With this innovative 
composite catalytic system, we could signifi-
cantly extend the life of the silicotungstic acid 
active phase, by substantially limiting its cok-
ing.
 The second strategy we used was based 
on continuous regeneration in a specifically 
designed single reactor. It consists of a two-
zone fluidized bed reactor (TZFBR; Fig. 3), in 
which the catalyst is continuously mixed (flu-
idization) by an upflow gas stream. A glycerol 
cane is plunged into the middle of the reactor 
from above. In the process we designed, the 
fluidization gas contained oxygen to regen-
erate the catalyst. To avoid oxidation of the 
reactants and products as well as creation of 
explosive atmospheres, the system must be 
perfectly controlled so that all of the oxygen 
is consumed just before the place where glyc-
erol is introduced. With an optimized system, 
we were able to substantially extend the life 
of a conventional silicotungstic acid catalyst 
directly supported on a silica (without ZrO2 
modification), thus proving our concept.
 There is still work to do, and we are 
enhancing these technologies in the lab and 
at demonstration scale with industrial part-
ners. We have also designed an efficient liq-
uid-phase continuous process with Japanese 
partners; are working with Philip xiaofei Ye, a 
professor at the University of Tennessee (Knox-
ville, Tennessee, USA) to develop an alternative 
catalysts regeneration technology based on 
cold plasma; and have designed a new glycerol 

FIG. 3. Schematic principle of the two-zone fluidized bed reactor (TZFR) used for con-
tinuous regeneration of the catalyst
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value chain based on allyl alcohol from glycerol that presents many advantages com-
pared to the conventional value chain mimicking the petroleum one (patents filed).
 Many groups in the World are working on new technological solutions, and it is 
only a matter of time before novel technologies for increasing the value of glycerol 
hit the market and generate a new and more profitable value chain interweaved with 
biodiesel industry.

Franck Dumeignil, is a full professor at the University of Lille, France, and Deputy Direc-
tor of UCCS, UMR CNRS 8181. He coordinated the large-scale FP7 EuroBioRef project 
and is currently involved in biorefineries-related national projects, including PIVERT and 
REALCAT. He can be contacted at franck.dumeignil@univ-lille1.fr.



latoya Whitley, Rachael Woods, and Uruthira kalapathy 

Antioxidants 
from soy hulls

Soy hull, rich in dietary fiber, makes up 
about 8% of the soybean by dry weight. 
Substantial amounts of polyphenols are 
found to be covalently bound to cell wall 
polysaccharides in the hulls, and hence 
require harsh pretreatments prior to 
extraction.
         Previous research conducted in our laboratory 
showed that polyphenols from soy hull can be extracted 
from soy hull using 70% ethanol at 70–80oC (1). However, 
a higher temperature could cause undesirable chemical 
changes and may not be economically viable. The study 
described in this article demonstrated that polyphenols 
can be extracted at room temperature from soy hull to 
avoid multiple filtrations. 
         Previous research conducted in our laboratory 
showed that polyphenols from soy hull can be extracted 
from soy hull using 70% ethanol at 70–80oC (1). However, 
a higher temperature could cause undesirable chemical 
changes and may not be economically viable. The study 
described in this article demonstrated that polyphenols 
can be extracted at room temperature from soy hull to 
avoid multiple filtrations. 

•  soy hull is widely available and contains  
substantial amounts of polyphenols.

 
•  These polyphenols are challenging to extract 

because they are covalently bound to cell  
wall polysaccharides and require harsh  
pretreatments.

•  Our research group at claflin University  
in Orangeburg, south carolina, UsA,  
demonstrated that extracting the polyphenols 
at room temperature simplified the  
processing requirements, which could  
make soy hull extract an attractive  
alternative to synthetic antioxidants.
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Antioxidants 
from soy hulls

NATURAL ANTIOxIDANTS
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ExTRAcTION OF pOlypHENOls   
Soy hull samples were procured from Carolina Soya LLC (Estill, South 
Carolina, USA). These samples were ground in a household blender 
for 1–2 min at maximum speed and then transferred to a coffee 
grinder for further grinding (2–3 min) until a fine powdered form was 
obtained. All extractions were performed using 1:5 ratio of mass (g) 
of soy hull to volume (ml) of solvent. Based on the previous work, 
70% ethanol was used as the extraction solvent. All samples were 
placed in a mechanical shaker at 200 rpm during incubation. Three 
sets of extractions were performed as shown in Table 1. The filtrates 
were separated after incubation by vacuum filtration and stored at 
4oC   until further analysis.

QUAlITATIvE ANAlysIs OF sOy HUll 
ExTRAcT by FTIR 
To confirm the presence of phenolic compounds in soy hull extracts, 
a portion of the soy hull extracts were adsorbed onto dried silica by 
incubation of 1 g dried silica in 25 ml of soy hull extract for 30 min 
in a mechanical shaker, followed by air drying under a fume hood. 
The adsorbed silica was then mixed with potassium bromide to give 
a 2% silica mixture and analyzed using Diffuse Reflectance Infrared 
Fourier Transform (DRIFT) spectroscopy. The DRIFT spectrum of the 
extracts was also compared with that of 100 ppm catechin.   

TOTAl pHENOlIc cONTENT DETERMINATION 
The total phenolic content was determined using the Folin-Ciocalteu 
method (2) and standard catechin solutions in 70% ethanol. Spectro-
photometric absorbance of reaction mixtures at 726 nm was used to 
generate a catechin calibration curve and determine total phenolic 
content in soy hull extracts expressed as catechin equivalents (mg 
of catechin/g of sample). All quantitative analyses were performed 
in triplicates and the averages of triplicate measurements along with 
standard deviations were reported.   

ANTIOxIDANT cApAcITy by ORAc AssAy
The oxygen radical absorbance capacity (ORAC) assay involves hydro-
gen atom transfer reactions where the antioxidant donates a hydro-
gen atom to the free radical thus inhibiting or retarding oxidation. 
The ORAC assay requires three components: a synthetic free radical 
generator, a fluorescent probe, and an antioxidant (3). In the pres-
ent study, fluorescein was used as a fluorescent probe to measure 
antioxidant capacity of soy hull extract in comparison to the refer-

ence compound Trolox. The free radical generator was 2, 2´- azobis 
2-methylpropionamide, dihydrochloride (AAPH) The fluorescence 
intensities of the reaction mixtures were measured at 1 min intervals 
for 30 min using an excitation wavelength of 495 nm and an emission 
wavelength of 520 nm. The fluorescence intensities were normal-
ized and represented graphically using Excel®.  The final ORAC values 
were determined using the area under the curve (AUC). The relative 
ORAC value was calculated by the following equation expressed as 
Trolox equivalents:

The relative ORAC value = [(AUCSample – AUCBlank)/ (AUCTrolox – 
AUCBlank)] x (Trolox concentration/Total Phenolic content in the extract).   

REsUlTs AND DIscUssION
Fig. 1 displays the DRIFT spectra obtained for soy hull extract and 100 
ppm catechin. Both spectra share similar peaks at positions 1,000; 
1,310; 1,665; 1,910; and 2,130 cm-1. The peaks at 1,000; 1,310; and 
1,665 cm-1 were due to C-O stretching, O-H bending, and C=C ring 
stretching vibrations, respectively. The bands at 1,910 and 2,130 
cm-1 were due to overtones and combination bands. The similarity 
in peaks in the two spectra was evident and confirmed the presence 
of phenolic compounds in the soy hull extract.  

FIG. 1.  Diffuse Reflectance FTIR Spectra of soy hull extract and 100 
ppm catechin

 The extraction of phenolic compounds from soy hull by 70% 
ethanol at 70oC and higher or using acidic condition posed a unique 
problem. The extracts recovered turned cloudy and formed a light 
brown precipitate after overnight storage. This fine precipitate was 

TABLE 1. Conditions for extraction of phenolic compound extractions of soy hull

continued on next page

Extractions    controlled variables   Manipulated variables
      Extraction temperature: room    Extraction time: 30 and 60 min 
      temperature (23oc) solvent: 70% ethanol 
      Extraction time: 60 min    Temperature:  70oc, 80oc and 23oC
      solvent: 70% ethanol 
      Extraction time :60 min    solvent:  70% ethanol and 70% ethanol/
      Extraction temperature: 23oc   0.03N Hcl
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separated from the filtrate after re-filtration with micro-filter (47 
μm) paper resulting in a transparent pale yellow solution. Extracts 
resulting from extraction with acidified 70% ethanol were also a 
cloudy brown and were also re-filtrated with micro-filter paper. 
The cloudy precipitate formation was 
most probably due to slow precipitation 
of pectin that had been released by the 
digestion (4).  Acidic or high temperature 
conditions during extraction with alco-
hol were expected to remove pectin that 
might have been present in the soy hull. 
Fig. 2 shows the effect of extraction con-
ditions on the extraction efficacy at room 
temperature. For an extraction time of 60 
min, the ethanol extraction attained a simi-
lar extraction efficacy to that of extraction 
under acidic condition. The total phenolic 
contents of soy hull extracts in 70% eth-
anol with 30 min and 60 min extraction 
times were 0.34±0.06 mg/g and 0.62±0.10 
mg/g, respectively. The total phenolic con-
tents of soy hull extracts in 70% ethanol 
under acidic conditions with both 30 min 
and 60 min extraction times were both 
0.64 ±0.10mg/g.  

For a 60 min extrac-
tion with 70% ethanol, 
the total phenolic con-
tents of soy hull extract 
at room temperature 
(23oC), 70oC, and 80oC 
are shown in Fig. 3. 
The differences in the 
total phenolic contents 
at different extraction 
temperatures were 
insignificant. However, 
an exposure to heat, 
oxygen, acid, or alka-
line conditions has been 
shown to affect the 

recovery of phenolic compounds from plant samples. Although 
the concentration of phenolic compounds in soy hull extract was 
lower compared to tea and grape products, the antioxidant activ-
ity of these compounds at lower concentration levels can make 
them a viable natural source.

FIG. 2. Effect of extraction time and acidic conditions on extraction 
efficacy

FIG. 3. Effect of extraction temperature on extraction efficacy

630    •   inform   November/December 2015, Vol. 26 (10)



	  

 Based on these observations, only 60 min room temperature 
extraction with 70% ethanol was further explored in the antioxidant 
capacity studies. As indicted in the previous section, there were 
no significant differences between the extraction efficiencies for 
room temperature and higher temperature extractions or for 60 
min extraction with 70% ethanol and 70% ethanol with acidic con-
ditions.  However, an initial 60 min pretreatment with 0.1N HCl at 
90oC to breakdown the pectin followed by addition of ethanol (to 
obtain 70% concentration) and removal of pectin precipitate after 
overnight storage, resulted in an extract with a higher concentra-
tion of polyphenol (1.2 ±0.1 mg/g of soy hull).  Since the scope of 
this work was to establish the use of a simple room temperature 
extraction process, the extraction using an acidic pretreatment 
at a higher temperature was not further explored in this study.                
         The antioxidant capacities of Trolox and soy hull extracts are 
compared in Fig. 4.  A visual observation of decay curves suggests 
that, qualitatively, soy hull extract may be a better antioxidant than 
Trolox. Quantitative ORAC assay was 2.23 ± 0.29 Trolox equivalent 
and was comparable with other antioxidants.
  It is shown that the phenolic compounds can be extracted 
from soy hull using 70% ethanol at room temperature. Although 
the concentration of phenolic compounds in soy hull extract may 
seem to be very small compared to that in commercial sources, 
such as green tea and grape skin, the antioxidant strength of the 
extract makes it a prime candidate for applications. Further, soy 
hull’s low cost and availability, as well as its simple processing 
requirements, can make soy hull extract an attractive alternative 
to synthetic antioxidants. 
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Charlotte, North Carolina, USA.
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FIG. 4.  Fluorescent decay curves of 
fluorescein (0.48μm), fluorescein with 
Trolox (0.25 ppm),  and fluorescein 
with soy hull extract (0.22 ppm) for 
ORAC assay.  FL- Fluorescein, SHE- 
soy hull extract, AAPH - 2, 2´- azobis 
2-methylpropionamide, dihydrochlo-
ride
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Camelina (Camelina	sativa) is related to mustards in the 
Brassica	family.	Like	its	mustard	relatives,	it	produces	a	
small seed with a relatively high oil and protein com-
position.	The	plant,	which	historically	was	cultivated	in	
several	European	countries,	is	also	known	as	false	flax,	
linseed dodder, and gold-of-pleasure. In recent times, 
camelina has been grown sporadically as a specialty niche 
crop,	with	soybeans,	sunflower,	and	canola/rapeseeds	
being much more prominent as oilseed crops. Camelina 
seed	composition	on	a	dry	weight	basis	is	typically	about	
29% carbohydrate, 39% oil, 29% protein, and 3% ash. 
The	oil	is	relatively	high	in	oleic	acid	(18-20%	18:1)	and	
α-linolenic	acid	(34-39%	18:3),	a	composition	similar	to	
that of linseed oil.

•  During the early 2000s, farmers in the Northern plains of 
North America had high hopes that camelina would be the 
next cash crop for biofuels.

•  From 2005–2007, the number of acres in Montana planted 
in camelina more than quadrupled, but the increase was 
short-lived due to low yields and the inability to compete 
with petroleum-based fuels.  

•  since then, a multidisciplinary team of scientists from 
academia and industry spent two years studying whether 
the economic viability of camelina as a biofuel could be 
enhanced by optimizing the production system and devel-
oping byproducts. This article describes what they learned.

Can camelina compete  
as a feedstock for  

biobased products?
J.s. Mclaren and x.s. sun 
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NATURAL ANTIOxIDANTS

During the early 2000s, interest in growing camelina was 
renewed in the Northern Plains of North America, where it 
was believed that the plant would grow well under drier, low-
input, conditions, and that the oil could be used as a feedstock 
for biodiesel. According to US Department of Agriculture (USDA) 
data, the number of acres planted with camelina in Montana 
increased from 5,000 in 2005 to over 20,000 in 2007. Today, 
fewer than 2,000 acres in Montana are planted with camelina. 
The short-lived spike in production acres was driven by expec-
tations on economics, agronomy, and utilization that could not 
be met. According to USDA data, the 10-year average commer-
cial yield for camelina is about 650 lbs/acre (at 8% moisture). 
Some reports indicate that the test jet fuel made from cam-
elina oil cost over $50/gallon, while petroleum-based jet fuel 
currently costs less than $2/gallon. Clearly, it is difficult to see 
how camelina could be economically viable as a biofuel feed-
stock, given such relatively low yields and high costs.
 What if camelina could be useful for products with much 
higher value than biodiesel alone? That is one of the main ques-
tions addressed by the Enhancing economic viability of cam-
elina as a bio-feedstock: Optimization and demonstration of 
the production system and bioproduct development project 
(http://tinyurl.com/pwv3z7a), a multidisciplinary research effort 
funded by the US Department of Energy (DOE) and US Depart-
ment of Agriculture’s (USDA’s) National Institute of Food and 
Agriculture’s joint Biomass Research and Development Initiative 
(BRDI). The project’s integrated research topics include agro-
nomic studies to optimize field production, engineering evalu-
ations for high-efficiency crushing and separations, advanced 
chemistry to develop biobased products from camelina pro-
tein and oils, economic analysis across the integrated system, 
and life cycle analysis from cradle-to-grave to assist in choos-
ing the best option for each stage of product generation. 
 With members from both academic and industrial organi-
zations, the research team spans a broad range of disciplines 
with a unique mix of highly experienced individuals. The overall 
project leader is Susan Sun, university distinguished professor 
of grain science and industry at Kansas State University (Man-
hattan, Kansas, USA). Other team members include Donghai 
Wang, Augustine Obour, Yonghui Li, Shing Chang, Terrie Boguski, 
Blase Leven, and Larry Erickson (from Kansas State University); 
Chengci Chen, Anton Bekkerman, Kent McVay, and Peggy Lamb 
(from Montana State University, Bozeman, Montana, USA); 
Thomas Foulke (from University of Wyoming, Laramie, Wyo-
ming, USA); David Yang and Ningbo Li (from SBT Inc.); Gary 
Iverson (from Montana Gluten Free Processors); Jim McLaren 
(from StrathKirn Inc.); and two postdoctoral and nine gradu-
ate students. Following two years of intensive research, sev-

eral important results have been obtained which help clarify 
the opportunities and challenges for camelina.
 The group’s field agronomy work indicated that although 
camelina can be grown under drier conditions, yield levels are 
impacted by moisture level with a typical range from 350 lbs/
acre to over 1,500 lbs/acre (under 10 inches to more than 20 
inches rainfall) under commercial conditions. It should be noted 
that research plot trials typically have considerably higher yields 
(can be over 2,000 lbs/acre) than those obtained at commercial 
scale. This small plot effect is well-known for almost all crops. 
However, camelina appears to have a large range which may 
indicate that there is considerable potential to improve yields 
with appropriate practices and technologies. Both winter and 
spring types can be grown, but spring plantings are often more 
consistent due to less variation from winter kill.  
 Other factors were also found to impact yield. For example, 
the optimal planting date was early- to mid-April; the varietal 
performance differed depending on location, planting time, 
and rainfall; and the response to nitrogen was most evident 
below 50 lb N/acre, while no response to sulfur was observed 
[1]. 
 Considerable research was done to explore the poten-
tial for camelina to replace the traditional fallow period in a 
dryland wheat-based cropping system [2]. In these plot-level 
experiments, the seed yield of camelina was 808 lbs/acre and 
that for wheat after fallow was 2,464 lbs/acre. When grown 
after camelina, the wheat yield was decreased by 13% indicat-
ing that camelina had a negative rotational impact compared 
to the fallow period. Economic analysis showed that the 808 
lbs/acre camelina did not offset the loss of wheat yield plus 
the additional variable production costs, when current mar-
ket prices were used. Thus, obtaining higher camelina yields 
and/or a higher market value for camelina products remains 
a challenge to be resolved before camelina could effectively 
compete in an altered cropping system. Advantages found for 
the camelina-wheat rotation included higher soil organic mat-
ter, higher overall precipitation use efficiency, and increased 
protection against soil erosion. 
 Research on the initial processing and separation of cam-
elina seed components has provided promising enhancements 
compared to conventional oilseed processing methods. In 
addition to the oil and meal fractions, a high purity gum was 
isolated that has unique properties compared to commercial 
alginate gum. The further separation of proteins from the 
meal fraction was achieved by the chemical cleavage of sulfur 
bonds and unfolding of the camelina proteins [3]. Pilot trials 
are underway to evaluate a proprietary membrane separation 
technology for protein separations.  

continued on next page
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 The various fractions from camelina seed have undergone con-
siderable chemical research to evaluate a range of potential applica-
tions:
 •   Camelina protein has shown potential for use in wood adhe-

sives [4]. Subsequent research is being done on improving 
the wet strength via cross-linking and other chemical modifi-
cations, such as the grafting of hydrophobic fatty acids to the 
protein polypeptides. Enzyme and nanoparticle modifications 
that were successful with soybean protein adhesives are being 
applied to the camelina protein adhesives.

 •  Camelina oil has been used to synthesize various intermediate 
chemicals [5]. Adhesives and coatings have been developed 
from these intermediates through various polymerization path-
ways. For example, high-gloss transparent wood varnishes were 
made from acrylated camelina oil through a UV-polymeriza-
tion process. The camelina coatings showed better hardness, 
scratch resistance, mechanical strength, and heat resistance 
than similarly prepared soybean coatings. Pressure-sensitive 
adhesives from epoxidized camelina oil and camelina acrylic 
polyol also showed good adhesion performances, with potential 
applications for tapes and labels. Other pathways for conver-
sion of camelina oils into biobased epoxies and water-borne 
polyurethanes, and interactions with proteins for wood adhe-
sives, are being explored.

 Currently, research is helping to optimize a facility design that 
has been completed for the possible future production of camelina 
protein-based adhesives. This type of bio-based adhesive has poten-
tial for use in wood products such as plywood.
 Life cycle assessment has been applied to each stage of the sys-
tem from growing the crop through to post product use (Fig. 1), in 
order to identify areas for potential improvement and to assist in 
decisions between optional approaches in producing and process-
ing camelina. For example, the majority of the environmental impact 
arises from producing the crop at the field stage, making yield an 
important variable. Within this stage, the highest impact factor is 
the manufacture of nitrogen fertilizer which indicates that improv-
ing nitrogen use efficiency would have a positive effect on the envi-
ronmental impact profile.  
 Economic studies showed that the breakeven price for camelina, 

replacing fallow in a wheat rotation, was around $0.16/lb seed using 
plot yields of 1,336 lb/acre. As noted previously, the average com-
mercial yield is recorded by the USDA at 650 lb/acre, which would 
result in an approximate translation to $0.32/lb seed for the break-
even price assuming similar crop inputs. This price then translates 
into a cost of $0.60/lb for camelina meal if that were the only prod-
uct. However, the oil also has some value. Based on a 36% oil com-
position and based on a soyoil price of $0.22/lb, the camelina oil 
would be worth $0.08/lb seed. Subtracting this oil value from the 
breakeven price results in a need for the meal to be worth $0.52/
lb. Taking a rough calculation of the energy and processing costs to 

manufacture the adhesive from the camelina meal ($0.20/lb), plus 
a 20% gross profit, the result is a cost of around $0.86/lb camelina 
protein-based adhesive.
 Current adhesive pricing is around $0.30 for urea-formaldehyde 
(UF) and $0.75/lb for phenol-formaldehyde (PF) resin. Methylene 
diphenyl diisocyanate (MDI) resin cost is higher at $1.5/lb. Thus, if 
the camelina protein-based adhesive has the same performance as 
UF or PF resins then the camelina cost would be too high. The cam-
elina cost might be acceptable if the protein-based adhesive perfor-
mance were the same as MDI. The on-going research is attempting 
to improve the adhesive performance as much as possible, and to 
compare the relative performance which, in turn, will determine the 
economic viability of the camelina production. 
 Another enhancement would be to improve the value of the cam-
elina oil fraction, either by finding an industrial use or by altering the 
composition to enhance the nutritional use. Potentially valuable oils 
uses are being explored within the project. Also, there are projects 
underway by other groups that have genetically engineered came-
lina to have specialty omega-7 fatty acids [6], or improved omega-3 
fatty acid composition [7], both of which will increase the oil value.
 Thus, the research work continues via this multidisciplinary 
approach with the goal of improvements along the production-pro-
cessing route. Increasing yield, enhancing the adhesive performance, 
evaluating additional bio-products, and maximizing the value from 
the oil are all valid targets. Taken together, improvements in all of 
these areas may collectively allow the creation of a camelina system 
that is commercially viable and environmentally acceptable.   

J.S. McLaren is president of StrathKirn Inc. (Chesterfield, Missouri, USA). 
He can be contacted at mclaren@strathkirn.com. X.S. Sun is univer-
sity distinguished professor of grain science and industry at Kansas 
State University (Manhattan, Kansas, USA). She can be contacted at 
xss@ksu.edu.
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FIG. 1. Cradle-to-grave life cycle assessment system boundary 
and disciplines involved.
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Hydroxylated canola biowaxes: 
nanocellullose composite 
microspheres for controlled 
release of aroma agents

Natural waxes occur in the form of esters comprising a long-chain fatty 
alcohol esterified to a long-chain fatty acid. Current sources of natural wax 
esters, such as beeswax, carnauba wax, and jojoba oil, are relatively expen-
sive and not produced on a scale that is capable of sustainably supplying 
the growth in demand for high-quality biowaxes. Naturally occurring waxes 
also lack chemical moieties, such as hydroxyl groups. This limits the dynamic 
interactions with other molecules that make some materials “functional.” 
 Castor oil is the most prevalent naturally occurring hydroxylated triglyc-
eride from which hydroxylated biobased waxes could be produced. How-
ever, castor cultivation is largely confined to tropical environments, and 
concerns over the toxin ricin further limit castor oil’s use as a feedstock.   
 Canola, camelina, and flax oils are highly unsaturated (>90%), and there-
fore amenable to a variety of chemical modifications, making them excellent 
feedstock candidates for the production of high-value, functional biowaxes. 
Canola is particularly a well-placed feedstock due to its large-scale produc-
tion in North America, with 2.5 million hectares of land seeded with canola 
in Alberta, Canada, per year (Fobert, P.R., et al., Biofuels, Bioprod. Biorefin, 
2: 206–214, 2008; Lokotsch, W., et al., JAOCS 73: 1459–1464, 1996). Conse-
quently, we are developing technologies for the conversion of canola oils 
to serve the growing specialty functional wax market.  

pREpARATION OF cANOlA pFFA-18
Our research group in the Department of Physical Sciences at MacEwan 
University (Edmonton, Alberta, Canada) demonstrated the production of 
hydroxylated wax esters from canola oil (branded here as PFFA-18). As partly 
delineated in Fig. 1a, producing canola PFFA-18 involved a two-step process: 
1. plant-oil epoxidation and ring opening to produce hydroxylated triacyl-
glycerol (a highly viscous, clear oil resembling castor oil) and 2. hydrolysis 

•  Hydroxylated waxes have desirable 
physicochemical properties that are 
useful in cosmetics and other  
applications.

  
•  Microparticles fashioned from a 

hydroxylated wax composite made 
of canola oil and nanocellulose were 
recently evaluated as an advanced 
material for the encapsulation and 
controlled release of the aroma  
compound vanillin.

•  The use of canola straw nanocellulose 
enhanced the properties of the wax 
composite, while allowing single crop 
to be used as a feedstock source.

Waxes	are	long-chain	hydrocarbon	compounds	with	diverse	applications	that	include	food	
coatings	and	packaging,	wood	coatings,	industrial	lubricants,	adhesives,	candles,	ski	lubri-
cants,	cosmetics,	pharmaceutical	formulations,	among	others.	The	global	market	for	waxes	
(valued	at	$8.2	billion	in	2013)	is	expected	to	grow	by	about	5%	by	2020.	Although	petroleum	
waxes	currently	represent	more	than	60%	of	the	wax	market	segment,	driven	by	environ-
mental	consciousness,	the	market	for	waxes	derived	from	renewable	feedstocks	is	expected	
to	expand	in	the	next	few	years.

samuel Mugo
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BIOWAxES

to a hydroxylated free fatty acid (a viscous grease similar to lano-
lin) and then sulfonated biochar (or carbon) esterification with a 
long-chain alcohol, such as octadecanol.  Each of these individual 
steps resulted in an intermediate product with unique properties 
and functions that are currently being investigated. Furthermore, 
we achieved our goal to obtain multiple lipid products from a sin-
gle plant feedstock. 

FIG. 1 (a) Preparation of canola PFFA-18 biowax;  
(b) Preparation of nanocellulose from canola straw

Sulfonated willow biochar (carbon) was found to be a very effective 
solid acid catalyst for the esterification reaction, with 97% conver-
sion achieved after five hours. This effectiveness can be attributed 
to the high surface area of this material. The biochar is also renew-
able and cost effective, as it is typically generated from plant waste.
 The largescale production of canola oil in North America gen-
erates huge volumes of canola straw, which is of minimal use. How-
ever, it had been hypothesized that the value of this byproduct 
could be increased by using it to produce nanocellulose materials.  
 In the last few years, nanocellulose has been studied as a highly 
functional sustainable biomaterial, with many proposed applications, 
such as reinforcing of polymers and coating applications (Mitch, J., 
Chem. Eng. News Archive 92: 9–12, 2014). Our group has since dem-

onstrated that adding canola straw nanocellulose to hydroxylated 
canola waxes could enhance their properties. 

pREpARATION OF cANOlA sTRAW 
NANOcEllUlOsE 
The process for extracting nanocellulose from canola straw is 
depicted in Fig. 1 b. Canola straw was ground and lignin removed 
via alkaline treatment. This was followed by bleaching and hydro-
chloric acid hydrolysis at 95oC.  Since, pressure homogenization 
was not used, the resulting material was microfibrillated cellulose. 
However, the cellulosic material that we obtained provided a good 
proof-of-concept for using such material for as additives to enhance 
the properties of wax ester products.  

pREpARATION OF pFFA-18-NANOcEllUlOsE 
cOMpOsITE MIcROspHEREs
Using differential scanning calorimetry (DSC), PFFA-18 was found to 
be a low-melting-point wax (27oC) with high emollient properties—
features that would be useful in cosmetics, for example. The ther-
mal properties of bulk PFFA-18 was different from the microsphere 
format. PFFA-18 microparticles were prepared using a hot-water-
emulsion method followed by nitrogen chilling, which produced 
microspheres of ~ 300 µm. Using DSC, we observed that the melt-
ing point of these microspheres increased to 33oC. 
 To reinforce the biowax, nanocellulose was used as an additive 
in the PFFA-18 at 10%. The microparticles were similarly prepared, 
which increased the melting point to 43oC.  This was not surprising, 
as the hydroxylated character of both the biowax and nanocellulose 
results in intermolecular hydrogen bonding between them. Fig. 2 
(page 638) shows the scanning electron microscopy images of the 
PFFA-18 and the PFFA-18/nanocellulose composite microspheres. It 
is evident that nanocellulose increases the surface area of the bio-
wax microspheres. It is also notable that the biowax microspheres 
have unique porosity characteristics that could conceivably make 
them useful for encapsulation and controlled release of bioactive 
agents. 

continued on next page
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bIOWAxEs MIcROcApsUlEs 
cONTROllED RElEAsE OF vANIllIN 
As depicted in Fig. 3a, the wax microspheres were fabricated and 
studied for their ability to immobilize and stabilize vanillin as well 
as their ability to control release.  
 The controlled release of vanillin in the PFFA and PFFA/nano-
cellulose microspheres was monitored for more than one month by 
spectrophotometry. The content of vanillin retained in the micro-
spheres overtime is summarized in Fig. 3b. On day 1, the vanillin 
content encapsulated in PFFA-18 and PFFA/nanocellulose com-
posite microspheres was ~77% vanillin and 91% respectively. As 
shown in Fig. 3b, the composite microspheres more consistently 
released the vanillin compared to the PFFA-18, which strongly 
retained the vanillin over time. This could be explained by the 
large porosity we observed in the morphology of the composite 
microspheres attributed to the defects introduced by the pres-
ence of nanocellulose.

ONgOINg WORk
The microspheres studied so far are fairly large. We expect that 
decreasing the size to nanoscale would significantly change the 
tribological and other physicochemical properties of the hydrox-
ylated biowaxes. Consequently, the interaction between nano-
waxes and nanocellulose is expected to be distinctively different. 
Moving forward, we are using a coaxial electrospray process to 
produce the nanowaxes, and conducting in-depth kinetic studies 
of the loading and release of other molecules, such as fungicides 
and antioxidants, for food packaging applications. 

Samuel Mugo is an associate professor in the Department of  
Physical Sciences at MacEwan University, Edmonton, Alberta,  
Canada. He can be contacted at mugos@macewan.ca.

FIG.2. (a) Electron microscopy images of PFFA-18 wax microspheres; (b) and (c) Electron microscopy images of PFFA-18 wax-nanocel-
lulose composite at different magnifications

FIG 3. (a) Structural  
illustration of vanillin 
and PFFA-18/nanocellu-
lose composite  
hydrogen-bonding  
interaction; (b) PFFA-18 
and PFFA-18/nanocel-
lulose microspheres for 
controlled release of 
vanillin.
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A & l plains lab
Lubbock, Tx 79404 USA
+1 806-763-4278
Tami Brown: Aflatoxin in Corn 
Meal (test kit), Oilseed Meal

AAk
Louisville, KY 40208 USA
+1 502-548-7238
James Houghton: Edible Fat, 
Trace Metals in Oil, Palm Oil

Adams vegetable Oils Inc.
Arbuckle, CA 95912 USA
+1 530-668-2072
www.adamsgrp.com
Abdul Bath: Gas Chromatog-
raphy

Admiral Testing services, Inc.
Luling, LA 70070 USA
+1 985-785-8302
www.admiraltesting.com
Renato M. Ramos: Oilseed 
Meal, Unground Soybean 
Meal, Soybean, Soybean Oil, 
NIOP Fats and Oils, Aflatoxin 
in Corn Meal (test kit)

Advance Mycotoxin  
laboratory
Wasco, CA 93280 USA
+1 661-758-7790
Elizabeth Sanchez: Aflatoxin 
in Peanut Paste

Algood Food company
Louisville, KY 40258 USA
+1 502-637-3631
Algood QA Group: Aflatoxin 
in Peanut Paste (test kit)

ATc scientific
North Little Rock, AR 72114 
USA
+1 501-771-4255
Michael White, Brian 
Eskridge: Oilseed Meal, 
Unground Soybean Meal,  
Soybean Oil, Phosphorus in 
Oil. Aflatoxin in Corn Meal 
(test kit)

bachoco bajio
Celaya GUA Mexico
+461 61 45625
Leticia Yasmin Garcia: 
Unground Soybean Meal

bakels Edible Oils ltd.
Mount Maunganui  3116  
New Zealand
+64 7 9272443
www.beobakels.co.nz
Laboratory:  
Gas Chromatograhy

barrow-Agee laboratories, 
Inc. 
Memphis, TN 38116
+1 901-332-1590 USA
www.balabs.com
Michael Hawkins: Oilseed 
Meal, Unground Soybean 
Meal, Soybean Oil

barry callebaut
Pennsauken, NJ 08110 USA
+1 856-486-9978
Joseph Maher: Gas  
Chromatography, trans  
Fatty Acid Content

bAsF A/s
Ballerup, DK-2650 Denmark
+45 447030243
Maike Timm Heinrich: AOCS/
GOED Nutraceutical Oils
bayer cropscience
Saskatoon, SK S7K 3J9
+1 306-477-9443 Canada
Rudy Fulawka: Gas  
Chromatography

blue Diamond growers
Sacramento, CA 95811 USA
+1 916-329-3361
Donna Dean-Zavala: Afla-
toxin in Almond   

bunge Oils
Bradley, IL 60915 USA
+1 815-523-8148
Bunge Analytical Team: Gas 
Chromatography, Edible Fat, 
trans Fatty Acid Content

callaghan Innovation
Lower Hutt 5040 New Zealand
+64 4 931 3310
www.callaghaninnovation.
govt.nz
Andrew MacKenzie: Marine 
Oil Fatty Acid Profile

campi Alimentos s.A De c.v.
Merida, Yucatan  97288  
Mexico
+999 9461035
Ana L. Pomar Casares: 
Unground Soybean Meal

canadian Food Inspection 
Agency
Ottawa, ON K1A 0C6 Canada
+1 613-759-1269
www.inspection.gc.ca
Angela Sheridan: Gas  
Chromatography

canadian grain commission
Winnipeg, MB R3C 3G8  
Canada
+1 204-983-3354
Oilseed Lab: Gas Chromatog-
raphy, Oilseed Meal, Soybean

cargill Meat solutions
High River, AB T1V 1P4 Canada
+1 403-652-8426
Rashid Ali: Tallow and Grease

carolina Analytical services, 
LLC
Bear Creek, NC 27207 USA
+1 919-837-2021
Brad N. Beavers, Jennie B. 
Stewart: Oilseed Meal

certispec services, Inc.
Port Moody, BC V3H 1x3  
Canada
+1 604-469-9180
www.certispec.com
Cipriano Cruz: NIOP Fats  
and Oils

chemiservice sRl
Monopoli 70043 Italy 
+39 080-742 777
Giorgio Cardone: Olive Oil 
(Parts A, B and C), Olive Oil 
Sensory Panel

commodity Inspection  
services Aust. pty. ltd.
Pinkenba QLD 4008 Australia
+61 3260 1500
www.commodityinspection.
com.au
Katrina Saunderson:  
Tallow and Grease

conagra grocery products
Memphis, TN 38104 USA
+1 901-729-5636
Richard Carl Whitney: Gas 
Chromatography, Soybean 
Oil, Vegetable Oil (color only), 
Solid Fat Content by NMR

2015–2016  AOcs Approved chemists
The AOCS Approved Chemist Program recognizes the most accomplished participants in the Laboratory  
Proficiency Program (LPP). Certification is based on performance during the previous LPP year. Approved Chem-
ists must work in an independent or industrial laboratory, hold AOCS membership in good standing, and establish  
analytical competency through the LPP. For more information about either program, contact Dawn Shepard at AOCS 
Technical Services (phone: +1 217-693-4810; fax +1 217-693-4855; email: dawns@aocs.org). 
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cumberland valley Analytical 
services
Hagerstown, MD 21742 USA
+1 301-790-1980
www.foragelab.com
Sharon Weaver: Oilseed Meal

Dallas group of America
Jeffersonville, IN 47130 USA
+1 812-283-6675
www.dallasgrp.com
Melanie Greer: Vegetable Oil 
for Color Only, NIOP Fats and 
Oils
George Hicks: Vegetable Oil 
for Color Only, NIOP Fats and 
Oils

Darling Analytical  
laboratories
Ankeny, IA 50021 USA
+1 515-289-3718
Shirley Elliott: Tallow and 
Grease, Gas Chromatography

Enzymotec ltd.
Kfar Baruch 36584 Israel
+972 54-332-1322
www.enzymotec.com
Gregory Blinder: AOCS/GOED 
Nutraceutical Oils

Eurofins biodiagnostics
River Falls, WI 54022 USA
+1 715-426-0246
www.biodiagnostics.net
Joseph Zalusky:  
Gas Chromatography
Aaron Taylor:  
Gas Chromatography

Eurofins central Analytical 
laboratory, Inc.
New Orleans, LA  70122 USA
+1 504-297-3420
John Reuther:: Oilseed Meal, 
Unground Soybean Meal,  
Soybean, Trace Metals in 
Oil, Fish Meal, AOCS/GOED 
Nutraceutical Oils, Marine Oil, 
Marine Oil Fatty Acid  
Profile, Palm Oil, NIOP Fats 
and Oils, Aflatoxin in Corn 
Meal, Aflatoxin in Corn Meal 
Test Kit, Aflatoxin in Pistachio 
and Almond

Eurofins scientific
Des Moines, IA 50321 USA
+1 515-265-1461
Ardin Backous: Oilseed Meal, 
Unground Soybean Meal, Soy-

bean, Fish Meal, Soybean Oil, 
Aflatoxin in Corn Meal Test Kit
Kent Karsjens: Oilseed Meal, 
Unground Soybean Meal, Soy-
bean, Fish Meal, Soybean Oil, 
Aflatoxin in Cornmeal Test 
Kit,Nutritional Labeling
Keith Persons: Tallow and 
Grease, Cholesterol, AOCS/
GOED Nutraceutical Oils, 
Marine Oil, Marine Oil Fatty 
Acid Profile, Nutritional  
Labeling
Anders Thomsen: Tallow 
and Grease, Oilseed Meal, 
Unground Soybean Meal,  
Soybean, Cholesterol, Fish 
Meal, AOCS/GOED Nutraceu-
tical Oils, Marine Oil Fatty 
Acid Profile, Soybean Oil,  
Aflatoxin in Corn Meal Test 
Kit, Nutritional Labeling
Brian Gilchrist: Tallow and 
Grease, AOCS/GOED Nutra-
ceutical Oils, Marine Oil, 
Marine Oil Fatty Acid  
Profile, trans Fatty Acid  
Content, Nutritional Labeling, 
Cholesterol

Fieldale Farms corp.
Baldwin, GA 30511 USA
+1 706-778-5100
Janet Smith: Aflatoxin in  
Corn Meal (test kit)

Fuji vegetable Oil, Inc.
Savannah, GA 31408 USA
+1 912-966-5900
Gregg Newman: trans Fatty 
Acid Content

gc Rieber Omega-3  
concentrates As
Kristiansund N 6512 Norway
+47 71683000
Analytical Team: AOCS/GOED 
Nutraceutical Oils

grupo Agroindustrial Numar 
s.A. 
San Jose 277-2050 Costa Rica
+506 2284-1000
www.gruponumar.com
Ricardo Arevalo: Gas Chroma-
tography

Hahn laboratories, Inc.
Columbia, SC 29201 USA
+1 803-799-1614
Frank Hahn: Oilseed Meal, 
Unground Soybean Meal,  
Soybean Oil, Aflatoxin in Corn 
Meal (test kit)      

Illinois crop Improvement 
Association
Champaign, IL 61822  USA
+1 217-359-4053
www.ilcrop.com
Sandra K. Harrison: Oilseed 
Meal

Indelab sdn bhd
Port Klang SGR 42000  
Malaysia
+603 31676929
Cheah Ping Chong: Palm Oil

INOlAsA
Puntarenas 6651-1000   
Costa Rica
+506 2636-0300
www.inolasa.com
Jesus Gomez Salgado: Edible 
Fat, Unground Soybean Meal, 
trans Fatty Acid Content,  
Soybean
Inspectorate America
Webster, Tx 77598 USA
+1 713-451-2121
Mumtaz Haider: Tallow and 
Grease, Oilseed Meal, Soy-
bean, Gas Chromatography, 
NIOP Fats and Oils, Aflatoxin 
in Corn Meal (test kit)

Intertek Agri services
Memphis, TN 38113 USA
+1 901-947-9900
www.intertek.com
Sandra Holloway: Aflatoxin in 
Corn Meal (test kit)

Intertek Agri services
New Orleans, LA 70122 USA
+1 504-602-1420
Tuyen Mai: Oilseed Meal, 
Soybean, Gas Chromatogra-
phy, Soybean Oil, NIOP Fats 
and Oils, Olive Oil Part A, Afla-
toxin in Corn Meal (test kit), 
Nutritional Labeling

Intertek Agri services
Odessa 65003 Ukraine
+38 0487202475
Irina Kushnir: Palm Oil

Intertek Testing services
Saskatoon, SK S7N 3R2  
Canada
+1 306-934-3600
Tetiana Tseona: Oilseed Meal

Isotek, llc 
Oklahoma City, OK 73127 USA
USA
www.isoteklabs.com
R. Bruce Kerr, George  
Ducsay: Tallow and Grease, 
Oilseed Meal

Jacob stern & son
Houston, Tx 77261USA
+1 713-926-8386
Robert Poullard, Jr.: Tallow 
and Grease

k-Testing laboratory
Memphis, TN 38116 USA
+1 901-332-1590
Edgar Tenent: Oilseed Meal, 
Unground Soybean Meal
Frank Tenent: Oilseed Meal, 
Unground Soybean Meal

la Nogalera s.A de c.v
Juarez, Chihuahua 32695 
Mexico
+52 656 8435052
Dulcinea Mendoza: Specialty 
Oils

land O’lakes
Arden Hills, MN 55112 USA
+1 651-375-1586
Julie Honsa: Edible Fat, Gas 
Chromatography, trans Fatty 
Acid Content

lipid Analytical labs
Guelph, ON N1G 4T2 Canada
+1 519-766-1510
www.lipidanalytical.com
Jerry Piekarski: Cholesterol, 
AOCS/GOED Nutraceutical 
Oils

lysi hf
Reykjavik 101 Iceland
+354 5258140
www.lysi.com
Arnar Halldorsson: AOCS/
GOED Nutraceutical Oils, 
Marine Oil, Marine Oil Fatty 
Acid Profile

inform   November/December 2015, Vol. 26 (10)    •   641



Malaysian palm Oil board, 
AOTD
Selangor 43000 Malaysia
+60 3-89256055
www.mpob.gov.my
Dr. Hazimah Abu Hassan, 
Mrs. Hajar Musa: Palm Oil, 
Gas Chromatography, trans 
Fatty Acid Content

Merieux Nutrisciences 
Markham, ON L3R 5V5  
Canada
+1 905-305-2218
Jocelyn Alfieri: Cholesterol, 
Gas Chromatography, trans 
Fatty Acid Content, Aflatoxin 
in Peanut Paste (test kit), 
Marine Oil Fatty Acid Pro-
file, Specialty Oils, Nutritional 
Labeling

Modern labs and survey co., 
Inc.
Brookfield, IL 60513 USA
+1 708-387-0854
Timothy S. Meyer: Tallow and 
Grease

Modern Olives laboratory 
services
Lara, VIC 3212 Australia
+61-352729500
Claudia Guillaume: Olive Oil 
(Parts A, B and C), Olive Oil 
Sensory Analysis

National beef
Dodge City, KS 67801 USA
+1 620-338-4250
Mike Clayton: Tallow and 
Grease

National beef packing  
company
Liberal,  KS 67901USA
+1 620-626-0646
Sherry Robertson: Tallow  
and Grease

New Jersey Feed lab, Inc.
Trenton, NJ 08638 USA
+1 609 882 6800
www.njfl.com
Pete Cartwright: Oilseed 
Meal, Gas Chromatogra-
phy, Fish Meal, AOCS/GOED 
Nutraceutical Oils, Marine Oil, 
Marine Oil Fatty Acid Profile

Northstar Agri Industries
Kennedy, MN 56733 USA
+1 218-843-7323
www.northstaragri.com
Lawrence Brosius:  
Trace Metals in Oil

NsF Inassa s.A.c.
Lima 32 Peru
+511 6165200
www.inassagroup.com.pe
Carmen Catter de Bueno: Fish 
Meal

NsW Department of primary 
Industries
Wagga Wagga, NSW 2650 
Australia
+61 02-69381818
Jamie Ayton: Gas Chromatog-
raphy, Olive Oil (Part A, B and 
C), trans Fatty Acid Content, 
Olive Oil Sensory Panel

Nu-Mega Ingredients  
pty. ltd.
Altona North, VIC 3025  
Australia
+61 3-8369-2100
Nathaniel Irving: Marine Oil 
Fatty Acid Profile

Nutegrity
Batavia, IL 60510 USA
+1 630-761-1180
Christopher Stefan: Marine 
Oil Fatty Acid Profile

Nutreco canada shur gain
St. Hyacinthe, QC J2R 1S5 
Canada
+1 450-796-2555
Jana Pogacnik: Oilseed Meal, 
Cholesterol, Nutritional Label-
ing, Marine Oil, Unground 
Soybean Meal

Olam Food Ingredients Uk, 
LTD
Goole East Riding of Yorkshire 
DN14 6ES United Kingdom
+44 1405 767776
Analysts Olam Food Ingredi-
ents: Gas Chromatography

Olvea Fish Oils
Saint Leonard 76400 France
+33 2 35292854
Melanie Delvaux: Marine Oil 
Fatty Acid Profile

Omega protein, Inc.—Health 
and science center
Reedville, VA 22539 USA 
+1 804-453-3830
Nancy Roman: Marine Oil
Melissa V. Thrift: Marine Oil

Owensboro grain Edible Oils
Owensboro, KY 42301 USA
+1 270-686-6628
OGEO Lab: Gas Chromatogra-
phy, Soybean Oil, trans Fatty 
Acid Content

pompeian Inc.
Baltimore, MD 21224 USA
+1 410-262-8863
Maria Garzon: Olive Oil Parts 
(A, B and C), Olive Oil Sensory 
Analysis

pOs bio sciences
Saskatoon, SK S7N 2R4  
Canada
+1 306-978-2866
www.pos.ca
Angie Johnson: Oilseed Meal, 
Marine Oil, Marine Oil Fatty 
Acid Profile, trans Fatty Acid 
Content, Phosphorus in Oil

primex Farms
Wasco, CA 93280 USA
+1 661-758-7790
Steven Dominguez: Aflatoxin 
in Peanut Paste

proteinas basicas
Brownsville, Tx 78520 USA
8688111200
Miguel Angel Ocegueda Felix: 
Unground Soybean Meal,  
Soybean

pT Musim Mas
North Sumatra 20241  
Indonesia
+62 616942141
Goh Tiam Huat: Gas Chroma-
tography, Palm Oil, NIOP Fats 
and Oils, trans Fatty Acid Con-
tent, Solid Fat by NMR

pT Intibenua perkasatama
Dumai, Riau Indonesia
+62 765-31142
Goh Tiam Huat: Palm Oil

Richardson Oilseed
Lethbridge, Alberta T1H 6P5 
Canada
+1 403-329-5537
Adel Ghabour: Edible Fat, Gas 
Chromatography, Trace Met-
als in Oil, Vegetable Oil for 
Color, Phosphorus in Oil

Richardson Oilseed
Yorkton, SK S3N 2x3 Canada
+1 306-828-2255
Eoin Moloney: Edible Fat, 
Trace Metals in Oil,  
Phosphorus in Oil

Russell Marine group–pNW, 
LLC
Portland, OR 97210 USA
+1 503 224 9325
Robert Carr: Oilseed Meal, 
Soybean

sanimax-AcI, Inc.
Charny, PQ CP45100 Canada
+1 418-832-4645
Jean-Francois Harvey: Tallow 
and Grease

sanimax sAN, Inc.
Riviere des Prairies, QC H1C 
1G2 Canada
+1 514-648-6001
Montreal Analytical Team: 
Tallow and Grease

sDk laboratories
Hutchinson, KS 67504 USA
+1 620-665-5661
www.sdklabs.com
Dennis Hogan: Tallow and 
Grease (MIU, FFA), Aflatoxin in 
Corn Meal (test kit)

ser-Agro s.A.
Chinandega, Nicaragua
+505 2340-3493
Norma Hernandez: Peanut, 
Aflatoxin in Peanut Paste

sgs canada
Burnaby, BC V5A 4W4 Canada
+1 604-638-2349
Cathy Sun: Oilseed Meal,  
Soybean Oil
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sgs North America
St. Rose, LA 70087 USA
+1 504-471-6489
www.sgs.com
William Spence: Oilseed 
Meal, NIOP Fats and Oils, 
Olive Oil Parts A, B & C, Afla-
toxin in Corn Meal (test kit)

southern Acids (M) bhd. 
Industries Sdn. Bhd.
Klang, Selangor 42200  
Malaysia
+603 32508723
Tan Pei Fong: Gas Chroma-
tography

sovena Oilseeds laboratory
Lisboa 1495-131 Portugal
+351 21-2949000
www.sovenagroup.com
Sovena Oilseeds Laboratory: 
Unground Soybean Meal, 
Soybean, Gas Chromatogra-
phy, Phosphorus in Oil, Trace 
Metals in Oil

stratas Foods–RDI center
Bartlett, TN 38133 USA
+1 901-387-2237
www.stratasfoods.com
Eddie L. Baldwin, Helen Cian-
ciolo, Derek Gum: Gas Chro-
matography, trans Fatty Acid 
Content, Solid Fat Content by 
NMR, Edible Fat  

Testing services (sabah)  
sdn. bhd.
Sandakan Sabah 90712 
Malaysia
+60 89-210431
Kong Khim Chong: Palm Oil

Thai vegetable Oil
Bangkok, 10600 Thailand
+662 4779020
Piyanut Boriboonwiggai: 
Unground Soybean Meal

Thionville laboratories, Inc. 
Harahan, LA 70123 USA
+1 504-733-9603
www.thionvillenola.com
Paul C. Thionville, Andre 
Thionville, Kristopher Wil-
liams, Boyce H. Butler: Tallow 
and Grease, Oilseed Meal, 
Unground Soybean Meal, 
Soybean, Gas Chromatogra-
phy, Trace Metals in Oil, Fish 
Meal, Marine Oil, Marine Oil 
Fatty Acid Profile, Soybean 
Oil, Palm Oil, NIOP Fats and 
Oils, trans Fatty Acid Content, 
Aflatoxin in Corn Meal, Afla-
toxin in Corn Meal Test Kit

Twin Rivers Technologies
Quincy, MA 02169 USA
+1 617-745-4229
Glenn Craig: Gas Chromatog-
raphy

Uc Davis Olive center
Davis, CA 95616 USA
+1 530-219-1267
www.olivecenter.ucdavis.edu
Selina Wang: Olive Oil Part A

University of georgia
Athens, GA 30602 USA
+1 406-542-9023
www.aesl.ces.uga.edu
Daniel Jackson: Olive Oil  
Part A

University of Minnesota
soil Testing & Research Ana-
lytical laboratories
St. Paul, MN 55108 USA
+1 612-625-3101
http://ral.cfans.umn.edu
Brian Barber: Soybean

University of Missouri
columbia, MO 65211 UsA
+1 573-882-2608
Thomas P. Mawhinney:  
Cholesterol, Gas Chromatog-
raphy,  Aflatoxin in Peanut 
Butter, Phosphorus in Oil, 
Nutritional Labeling

University of stirling
Institute of Aquaculture
Stirling, FK9 4LA United  
Kingdom
+44 1786 467997
Douglas Tocher: Marine Oil 
Fatty Acid Profile

viterra canola processing
St. Agathe, MB R0G 1Y0  
Canada
+1 877-822-2565
Jitendra Patel: Gas Chroma-
tography, Oilseed Meal, Trace 
Metals in Oil, trans Fatty Acid 
Content, Phosphorus in Oil

Whitbeck laboratories, Inc.
Springdale, AR 72764 USA
+1 479-756-9696
www.whitbecklabs.com
John Dillard and Gordon 
Whitbeck: Tallow and Grease 
(MIU only), Unground Soy-
bean Meal, Aflatoxin in Corn 
Meal (test kit), Oilseed Meal

2015–2016 AOcs  
certified laboratories 

The Laboratory Certifica-
tion Program is sponsored by 
AOCS and the National Oil-
seed Processors Association 
(NOPA). Certification enti-
tles a laboratory to serve as 
a NOPA referee for soybean 
meal analyses, and publica-
tion in the annual edition of 
the NOPA Rule Book. 

Admiral Testing services, Inc.  
12111 River Rd.
Luling, LA 70070 USA
+1-504-734-5201
Renato M. Ramos

ATc scientific 
312 North Hemlock
North Little Rock, AR 72114 
USA
+1-501-771-4255
Mike White, Brian Eskridge

barrow Agee laboratories, 
Inc. 
1555 Three Place 
Memphis, TN 38116 USA
+1-901 332 1590
Michael Hawkins

carolina Analytical  
services llc 
17570 NC Hwy 902
Bear Creek, NC 27207 USA
+1-919-837-2021
Jennie Stewart, Brad Beavers

cumberland valley  
Analytical  
14515 Industry Drive
Hagerstown, MD 21742 USA
+1-301-790-1980
Sharon Weaver

Eurofins scientific  
2200 Rittenhouse St.
Suite 150
Des Moines, IA 50321 USA
+1-515 265 1461
Ardin Backous, Kent 
Karsjens. Anders Thomsen, 
Keith Persons

Hahn laboratories, Inc.  
1111 Flora St.
Columbia, SC 29201 USA
+1-803 799 1614
Frank M. Hahn

k Testing laboratory, Inc. 
1555 Three Place Suite A
Memphis, TN 38116 USA
+1-901 525 0519
Edgar Tenent

sgs North America 
151 James Dr. W.
Saint Rose, LA 70087 USA 
+1-504-463-3320
William Spence

Thionville laboratories, Inc. 
5440 Pepsi St.
Harahan, LA 70123 USA
+1-504 733 9603
Paul Thionville, Boyce Butler, 
Andre Thionville, Kristopher 
Williams

Whitbeck laboratories, Inc.  
1000 Backus Ave.
Springdale, AR  72764 USA
+1-479 756 1270                                      
Gordon Whitbeck,  
John Dillard

inform   November/December 2015, Vol. 26 (10)    •   643







646    •   inform   November/December 2015, Vol. 26 (10)



StatiStical analySiS from mintec
Loraine Hudson

Rapeseed oil prices remain low due to competitive prices for alternative 
vegetable oils. Global production in 2015/16 is forecast at 26.0 million metric tons 
(MMT), down 4% year-on-year following a record harvest last year. Consumption is 
forecast to exceed production at 26.8 MMT, down 1% year-on-year. Consequently, 
global ending stocks are expected to fall by 24% year-on-year to 2.7 MMT.

 Sunflower oil prices have risen slightly but remain low due to a general 
downward trend in vegetable oil market and the weak Russian and Ukrainian cur-
rencies. Global production in 2015/16 is forecast at 15.0 MMT, down 1% year-on-
year. Falling production in Ukraine, down 3% year-on-year at 4.2 MMT, will be offset 
by rising production in Russia, up 3% year-on-year at 3.7 MMT.

 Palm oil prices have fallen as low crude oil prices have reduced demand 
for biofuels. Events in China over the summer, the world’s third largest importer, 
have also raised concerns about lower demand. Global production of palm oil in 
2015/16 is forecast at a record 65.2 MMT, up 6% year-on-year. Ending stocks are 
estimated at 9.5 MMT, up 5% year-on-year.

 Soybean oil prices fell due to low demand in the biodiesel market. Prices 
have also fallen due to forecasts for a record global soybean crop this season, up 
5% year-on-year at 50.7 MMT. Consumption is expected to rise by 5% year-on-year 
to 50.2 MMT.

Mintec limited Mintec is the principal independent source of global pricing information for commodities and 
raw materials. Mintec has a suite of unique procurement tools and training courses designed to assist supply 
chain professionals in their daily tasks of reporting, analyzing, and interpreting market information. Mintec 
supports sales and purchasing professionals in their commodity decisions, by improving efficiency, minimiz-
ing commodity risk and ultimately gaining a commercial advantage. Mintec Ltd., 9 The Courtyard, Glory Park, 
Wooburn Green, High Wycombe, Buckinghamshire HP10 0DG, United Kingdom; Tel: +44 (0)1628 851313; Fax: 
+44 (0)1628 851321; Email: support@mintec.ltd.uk; Web: www.mintecglobal.com

AOcs MEETIng 
WATCh

For in-depth details on these and other 
upcoming meetings, visit http://aocs.org/
meetings or contact the AOcs Meetings 
Department (email: meetings@aocs.org; 
phone: +1 217-693-4821; fax: +1 217-693-
4865).

Also, be sure to visit AOcs’ online listing 
of industry events and meetings at http://
tinyurl.com/industry-calendar. sponsor-
ing organizations can submit information 
about their events to the web-based calen-
dar by clicking a link and completing a web 
form. submission is free. No third-party 
submissions, please. If you have any ques-
tions or comments, please contact patrick 
Donnelly at patrick.donnelly@aocs.org.

May 1–4, 2016. 107th AOcs Annual Meeting & 
Expo, calvin l. Rampton salt palace convention 
center, salt lake city, Utah, UsA. http://annual-
meeting.aocs.org

October 5–7, 2016. World conference on Fab-
ric and Home care—singapore 2016, shangri-
la Hotel, singapore. http://singapore.aocs.org
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SURFACTANTS & DETERGENTS

•  The language of any given field can hinder progress.

•  New ideas often cause tension by challenging existing  
beliefs.

•  The language of enhanced oil recovery is not sufficient  
to explain realities in the field.

pasha Hammond

Transforming the “art” of 
formulation	to	dynamic 
fluid “engineering”

Where are we in the process of transforming the 
“art”	of	formulation	to	dynamic	fluid	“engineering”?		
I believe that as individuals and discreet systems we 
know	what	we	are	doing.	however,	the	language	
around surfactants has yet to become universally 
defined.	Consequently,	at	present,	concepts	cannot	
be	effectively	shared	and	communicated.

Let’s draw an analogy by examining color theory 
and language. The colors were often named once they 
could be synthetically made. The general order of colors 
in all languages is white, black, red, yellow, green, and 
blue. Until the 1600's, it was thought that colors shown 
through a prism were created by the prism. Around 1666, 
Newton was bored after having been sent home due to 
a plague sweeping through Britain, and discovered that 
it was the light, as opposed to the prism, that contained 
the colors. It was not until 1810 that the theory of colors 
was published. In an area of Africa named Tiv, only three 
colors are named (Fig. 1)

       How can three colors, two of which are different 
tones of one color, be wrapped into a color wheel? 
They can’t. Therefore it is not possible for people in Tiv 
to understand or apply color theory, because they are 
not equipped with the language to facilitate the idea 
(http://tinyurl.com/cre7eyr).

This article is based on a presentation Charles Hammond, 
winner of the 2015 Samuel Rosen Memorial Award, gave at 
the 106th AOCS Annual Meeting & Industry Showcases in 
Orlando, Florida, USA.

FIG. 1. English and Tiv color charts

English     Tiv

green    ii
blue
gray    pupu
brown
red    nyian
yellow
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"The general order of 
colors in all languages 
is white, black, red, 
yellow, green, and 
blue."
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Q:                     A:

Tips from 
Tips from inform|connect is a regular Inform column that features tips 

and other discussion highlights from the community forum board at 
http://www.informconnect.org/home.

A professional in the textile aftercare industry who works 
at a company that uses liquid silicone in the cleaning of con-
sumer wear had some questions about activated bleaching 
earth. The company where he works uses activated bentonite 
clays to filter the silicone. The activated clay works extremely 
well, removing the fugitive dye, odors, and other particles 
in the cleaning medium. because activated clay is also used 
to filter and purify olive oils and other food-grade oils, the 
textile aftercare professional was interested in learning how, 
exactly, bleaching earth is used in the food industry. He noted 
that the clay has a very short effective life and was hoping to 
learn how the food industry deals with that issue.

 

A community member replied that activated bleaching 
earth is used for nearly all oils except extra virgin olive oil 
and provided the following summary: The oil is treated with 
0.5–4.0 wt% earth by adding the earth to a vessel contain-
ing the oil; the oil temperature is usually close to 100°c; the 
contact time is 15–30 minutes; and the slurry is subsequently 
filtered using a pressure leaf filter. He explained that some 
companies use a precoat, such as diatomaceous earth (kie-
selgur), but that circulating the slurry across the filter until 
the filtrate is clear saves on the cost of kieselgur. The textile 
aftercare professional also learned that he could find more 
information on the lipid library website at http://tinyurl.
com/bleachingEarth. 

       The language we use defines what we view as reality. So, 
we must look at the language of surfactants to determine if it 
allows us to have the necessary discussions to advance the field 
by sharing ideas and understanding.

THE EARly lANgUAgE OF sURFAcTANTs 
Google’s N-Gram viewer can probe the use and words in litera-
ture over time. In looking at the terms “colloidal solution” and 
“micelle” in Ngram viewer (Fig. 2), it is easy to see a rise in the 
term “colloidal solution” until about 1917, when the term “mi-
celle” was introduced (http://tinyurl.com/mevc696).  A micelle 
is defined as an aggregate of molecules in a colloidal solution, 
such as the molecular aggregates formed by detergents, and 
is a much better description than the previous term. After the 
transition from colloid to miscelle, it took another 25 years for 
terms like “phase behavior” and “critical micelle concentration” 
to show up. These more complex ideas could not be developed 
until the basic language and terminology were defined, and this 
extends to all aspects of the surfactant field such as the names 
of the molecules involved. The molecules making micelles 
where discussed using terms such as “hydrophobic” and “lipo-
philic” or, as in Winsor’s case in 1954, “amphiphilic molecules.” 
In the mid 1950's, the hyphenated term “surface-active agents” 
and the shortened equivalent, “surfactants,” were adopted to 

describe molecules that partition to the interface. However, this 
is still a misnomer because any molecule could be a surfactant 
in the right environment. (One could envision the term used 
to describe molecules that are added to formulations with the 
intention to function at the interface.)  Thus, one could consider 
that the word “surfactant” correlates to the ability to place mol-
ecules at the interface as intended, analogous to the naming of 
a color correlating with the ability to synthesize the color. 

FIG. 2. Use of the terms colloidal solution (CS) and micelle in 
literature over time (Source: Google N-Gram viewer)
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THE lANgUAgE OF sURFAcTANTs TODAy
The misnomer “microemulsion” is a prime example of where the 
language is today. Neither micro nor an emulsion, the term gained 
traction in the 1970's when it was used to describe the point when 
surfactants self-organize in solution to a bi-continuous, semi-struc-
tured low-energy state that in some cases correlates to ultra-low 
interfacial tension.  Such systems were developed to improve crude 
oil recovery out of rock formations in the earth.  In some circles, the 
definition was expanded to describe the systems that range from oil 
in water to water in oil to bicontinuous, are thermodynamically self-
organizing, and are referred to as Winsor type I, II, III, and IV.  
Interestingly, Winsor purportedly did not endorse the use of the 
term microemulsion, and he refused to serve as a coauthor for a 
book if microemulsion was used in the title.
       One can appreciate that a word with complex meaning would 
simplify discussions. However, the word microemulsion is such a 
misnomer that it causes more confusion than it solves.  Even among 
learned, skilled colleagues in the art, it seems as though every dis-
cussion involving the term must be preceded with a discussion and 
oftentimes a debate about what a microemulsion is. This is akin to 
the discussions that arise when playing monopoly with someone for 
the first time. Do the fines go into free parking or not? What are the 
rules around trading properties when it’s not your turn? The need to 
establish “house rules,” such as what the definition of a microemul-
sion is, muddles discussions and leads to confusion and miscommu-
nication. For cooperation and the growth of new ideas to flourish, 
everyone needs to play from the same rulebook at all times. 
Isn’t it time we purposefully begin to create new words that can be 
effectively defined, searched, and taught to manage the language so 
that all colors are named and the art of formulation may be trans-
formed into dynamic fluid engineering?

Pasha Hammond is the son of Charles Hammond and is currently at-
tending the Math and Science Academy at Dulles High School. Charles 
Hammond can be reached at CHammond@flotekind.com.

?
Have an  
interesting  
article idea or  
want to write  
an article for  
a future issue  
of Inform?
Email the managing editor, Kathy Heine, at 
kheine@aocs.org. 
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There is no globally accepted definition of a “new” chemi-
cal, but at ChemCon Asia in June 2015, Karon Armstrong 
provided a roundup of the general criteria. 
 Firstly, a substance must not be listed on an inven-
tory or listed as a category on an inventory. It must not 
be a component of an article or an impurity, or a naturally 
occurring substance. 
 Chemicals imported for R&D purposes do not qualify as 
new chemicals, nor do polymers that are eligible for exemp-
tion. Chemicals imported in low volumes or for export pur-
poses only are also not considered new chemicals. If these 
criteria are fulfilled, a chemical must be registered as new. 
However, companies are falling at the first hurdle. It is not 
always easy to determine if a chemical is new simply by 
checking inventories. This is the case, for instance, if a sub-
stance has only recently been notified or notified as confi-
dential. While the option to make confidential notifications 
is necessary to protect chemical identity, it is another hoop 
to jump through when determining if a chemical is new. 
 Timing is another factor. After notification approval 
of a substance, it is published in the Inventory Gazette. 
Sometimes, a notified chemical is immediately added to 
an inventory. This is most common if it has not been noti-

fied confidentially. Official listing takes place three to five 
years after approval. Until then, a new chemical cannot be 
manufactured or imported by a party other than the notifier 
until a new manufacturer or importer submits a secondary 
notification. After a substance is notified, others may use 
the same substance without additional notification. 
There are 12 main global inventories, belonging to Austra-
lia, Canada, China, the EU, Japan (two inventories), Korea, 
New Zealand, the Philippines, Switzerland (separate from 
the EU), Taiwan, Thailand, and the United States. 
 Companies must check the inventory of the country to 
which they import or manufacture. If a chemical appears 
on the national inventory, it is not a new chemical and must 
be notified. In some countries, if a substance appears on 
another country’s inventory, a simplified notification can 
be submitted. 

NOTIFyINg A NEW cHEMIcAl 
The EU’s REACH Regulation [Regulation on Registration, 
Evaluation, Authorisation and Restriction of Chemicals] 
is unique in that it does not distinguish new from exist-
ing chemicals by inventory listing. If a substance is being 
imported in amounts over one metric ton per year and is 
not registered, each legal entity must register the substance 
by submitting an inquiry dossier to the European Chemicals 
Agency (ECHA). ECHA’s response will detail what data [are] 
required to register the substance, what data [are] already 
available, and if there are any other registrants. 
 In the United States, the Environmental Protection 
Agency’s New Chemicals Program enforces a ban on the 
production or use of a new chemical before it enters the 
market. Manufacturers and importers must complete a 
premanufacture notice (PMN) and submit this at least 90 
days prior to manufacture of the chemical. 
 New chemical procedures in Asia span the board 
from mature to almost nonexistent. Korea’s newly imple-

                                   how	new	chemicals  
are identified 

Regulatory Review is a regular column featuring updates on  
regulatory matters concerning oils- and fats-related industries.

REGULATORY REVIEW

 charlotte Niemiec

As	countries	start	to	regulate	chemicals,	one	
of	the	first	things	they	do	is	figure	out	what	
is already on the market and what is new.    
     In most cases, they then introduce con-
trols	aimed	at	new	substances—preferring	
to	deal	with	the	more	complex	question	of	
existing	chemicals	separately.	
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mented Act on the Registration and Evaluation of Chemicals 
(K-REACH) is similar to EU REACH in its scope and requires 
new chemicals to be registered in much the same way. 
 Japan’s regulations are also well established: All manu-
facturers or importers of new chemicals must file a notifi-
cation three months in advance and substances are subject 
to testing. Notifications must be in Japanese and, once 
approved, they are added to the Inventory of Existing and 
Notified Substances (ENCS) three to five years later. There 
are separate notifications under Japan’s Industrial Safety 
and Health Law and substances notified on this inventory 
are often added after just one year. Japan defines a new 
chemical as one that is not listed on the ENCS inventory, 
is not a class I- or II-specified substance, a designated sub-
stance, or on a published list of notified new “safe” sub-
stances. Manufacturers often have to wait years before 
the substance is added to the inventory and, during that 
time, only the original notifier can manufacture or import 
the substance. 
 China’s Ministry of Environmental Protection (MEP) 
Order 7 requires companies to submit new chemical sub-
stance notifications irrespective of annual tonnage. The 
requirements apply to new substances, those used in prep-
arations or articles intended to be released, and also new 
substances used as ingredients or intermediates for phar-
maceuticals, pesticides, veterinary drugs, cosmetics, food 
additives, and feed additives. 

cONFIDENTIAl bUsINEss 
INFORMATION (cbI) 
One of industry’s prevailing concerns is that of protecting 
the identity of chemicals used in products. To tackle this 
problem, most countries allow chemicals to be notified 
confidentially and inventories are often split into public and 
confidential sections. 
 Taiwan’s Chemical Substance Inventory, for example, has 
both a public and confidential section. Notifiers have auto-
matic confidentiality on volume in the public section, and 
notified chemicals are added after five years. To claim CBI, 
a separate application must be submitted that will allow the 
CAS number and chemical name to be concealed. Chemicals 
are instead identified by serial number and generic name, 
and are kept confidential for five years, with the option to 
extend for another five years. 
 The United States has a similar system. There is a con-
fidential section in its Toxic Substances Control Act (TSCA) 
inventory but, to appear on the list, a detailed, written 
response to 14 questions must be submitted, along with a 
CBI claim. 

 The EU, on the other hand, requires all hazardous sub-
stances to be declared on safety data sheets and it is almost 
impossible to keep chemical names confidential. The EU has 
two main inventories, the European Inventory of Existing 
Chemical Substances, which is a static inventory of around 
100,000 substances, and the European List of Notified Chem-
ical Substances, which contains around 4,300 company-
specific new chemical notifications. 
 China and Korea have no separate, confidential invento-
ries, but generic names appear on a public listing along with 
a reference number. In Korea, CBI can only be claimed for 
nonhazardous substances, and these substances must not 
appear on any other public inventories. Neither of Japan’s 
inventories [has] confidential sections, although the authori-
ties do have some provisions to protect disclosure of newly 
listed substances. 
 Chemicals are often listed on an inventory more quickly 
if a company foregoes claiming CBI. 
 Nevertheless, due to the lack of global harmonization 
of CBI, companies are at an impasse when trying to claim it 
in a country that allows for this, while notifying in another 
that requires full disclosure of a hazardous substance. 

pOsT-NOTIFIcATION 
There are further requirements after notification, which 
differ country by country. In China, records must be kept 
of new chemical notification, quantity, flow status, and its 
impact until it is published in the inventory. 
 In Japan, notifiers must report actual volumes of the 
chemical and comply with labeling and hazard informa-
tion laws. The government can direct manufacturers and 
importers to investigate long-term toxicity for humans, top 
predators, and flora and fauna. 
 In the Philippines, a Notice of Commencement must 
be submitted to the Environmental Management Bureau 
with a bill of landing, import entry, and tax revenue decla-
ration. 
 Both new and existing substances may need to be noti-
fied a second time (a secondary notification), if new infor-
mation is received on the substance, such as an increase 
or change in exposure, an increase in tonnage, a switch to 
domestic manufacture instead of import, a change in man-
ufacturing method, or a change in polymer characteristics. 

Charlotte Niemiec is the Asian desk editor for Chemical Watch, 
a regulatory news service with headquarters in London. This 
article is reprinted from the July-August 2015 Global Busi-
ness Briefing, ©2015. It is reproduced by permission of CW 
Research Ltd. at www.chemicalwatch.com.
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LATIN AMERICA UPDATE

  leslie kleiner

      Latin America Update is a regular Inform     
     column that features information about 
fats, oils, and related materials in that region.

Developments 
    in infant formula 

Although	breast	milk	has	long	been	considered	a	gold	stan-
dard	in	terms	of	infant	nutrition,	many	developments	can	be	
found in today’s infant formulas. To learn about infant formula 
in	Argentina	and	Mercosur,	I	interviewed	Ariel	Melamud,	mar-
keting	manager	of	Laboratorios	Argentia,	Buenos	Aires,	Argen-
tina.	Laboratorios	Argentia	is	a	pharmaceutical	company	that	
specializes	in	anti-inflammatory,	gastroenterological,	and	car-
dio-metabolic	drugs,	as	well	as	infant	nutrition.
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latin America Update is produced by leslie 
kleiner, R&D project coordinator in confec-
tionery Applications at Roquette America, 
geneva, Illinois, UsA, and a contributing 
editor of Inform. she can be reached at  
lEslIE.klEINER@roquette.com.



  leslie kleiner

A:

Q: WHAT TRENDs ARE yOU sEEINg 
IN THE INFANT FORMUlA 

MARkET IN ARgENTINA  
AND MERcOsUR?  
 

Currently, the biggest tendency in infant formula 
lies in approximating the ingredients to those 
naturally found in breast milk and adding micro 

and macro nutrients that have important health benefits 
for the infant. Some of these nutrients are the fatty acids 
arachidonic acid (ARA) and docosahexaenoic acid (DHA), 
which have been clinically proven to improve cognitive, 
gastrointestinal, and immunological function. Furthermore, 
a new development in the history of infant formula is 
that of incorporating prebiotics and probiotics to the 
formulation. 

Q: pREbIOTIcs, pRObIOTIcs, AND 
NEWly DEvElOpED syMbIOTIcs 

. . . .  cOUlD yOU ExpAND ON THE 
DEvElOpMENT OF THE syMbIOTIc 
INFANT FORMUlA NUTRIbAby, AND ITs 
bENEFITs FOR INFANTs?  
 

Recently, it was found that breast milk contains 
probiotic components. The benefits of probiotics 
are broad and have been reported to aid in 

diseases related to premature birth [such as enteritis 
necroticans] as well as in immunological processes.  In 
today’s worldwide market, there are some infant formulas 
that contain either prebiotics or probiotics. However, 
few formulations provide both symbiotic components. 
With our team of nutritionists and related scientists, we 
have performed extensive R&D for the development and 
commercialization of “Nutribaby,” the only symbiotic 
[galacto-oligosaccharides and Bifidobacterium lactis] infant 
formula to date in Argentina and Mercosur. 

Q: THERE ARE vARIOUs sTUDIEs 
ON THE syNTHEsIs OF 

sTRUcTURED lIpIDs WITH INcREAsED 
pAlMITIc AcID cONTENT AT THE Sn-2 
pOsITION OF THE TRIAcylglycEROls 
(TAgs). THIs MODIFIcATION OF 
THE TAgs Is INTENDED FOR bOTH 
IMpROvED pAlMITIc AcID AbsORpTION 
AND INFANT NUTRITION. IN ARgENTINA 
AND MERcOsUR, ARE THEsE TypEs OF 
sTRUcTURED lIpIDs UsED FOR INFANT 
FORMUlA DEvElOpMENT? 
 

Indeed, structured lipids with increased palmitic 
acid content at the sn-2 position are a new 
achievement for the development of infant 

formula. These structured lipids could arise from palm oil 
or milk fat, among other sources, and could be used as 
valuable components of infant formula.

Q: FOR THE NExT FIvE yEARs, HOW 
DO yOU FOREsEE THE gROWTH 

OF INFANT FORMUlA cONsUMpTION 
IN ARgENTINA AND MERcOsUR?  
 

The infant formula market in Argentina and 
Mercosur is under constant growth, and I expect 
this trend to continue. In many Latin American 

countries, the infant formula market is the most important 
market within the pharma/ nutraceutical segment.

A:

A:

A:
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Once more, the triacylglycerols of the 
commercial seed oils are those to have 
been subjected most frequently to 
detailed structural analyses. In general, 
there tends to be little difference 
between the compositions of positions 
sn-1 and sn-3 of the glycerol moiety, but 
the saturated fatty acids are concen-
trated in the primary positions and the 
unsaturated are in greatest abundance 
in position sn-2. In some instances, 
there appears to be a higher proportion 
of longer-chain fatty acids (C20 to C22) in 
position sn-3 than in position sn-1, and 
sometimes the more unusual fatty acids 
are concentrated in position sn-3.
 The positional distributions of fatty acids in many 
of the glycerophospholipids of plants seem to resemble 
those of animal tissues in that the saturated fatty acids 
are concentrated in position sn-1 and the unsaturated in 
position sn-2. However, phosphatidylglycerol from spin-
ach leaves and the ‘model’ plant Arabidopsis thaliana, is 
unusual in that the major molecular species contains lino-
lenic acid in position sn-1 and trans-3-hexadecenoic acid 
in position sn-2 [1,2]. Data for both glycoglycerolipids and 
glycerophospholipids are listed in Table 1.
 In those plants containing 16:3(n-3), the monoga-
lactosyldiacylglycerols consist mainly of the 16:3-18:3 
combination (with all the 16:3 in position sn-2), while 
the digalactosyldiacylglycerols have the more common 
18:3-18:3 species. The distinctive compositions of the 
phosphatidylglycerol and monogalactosyldiacylglyc-
erol are believed to result from the existence of a primi-
tive prokaryotic biosynthetic pathway in addition to the 
more usual eukaryotic pathway in the chloroplasts [3].  
This is discussed further in our web page on glycosyldia-
cylglycerols.

Lipid Snippets is a regular Inform column that features select content  
from The AOCS Lipid Library (http://lipidlibrary.aocs.org/).

Fatty acid distributions within 
glycerolipids in plant tissues

LIPID SNIPPETS

Table 1. composition (mol %) of fatty acids in positions 
sn-1 and sn-2 of mono- and digalactosyldiacylglycerols, 
phosphatidylcholine, phosphatidylethanolamine and 
phosphatidylglycerol from leaves of Arabidopsis thaliana [1].
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Lipid 
class Position 

Fatty acids 

16:0 16:3 18:0 18:1 18:2 18:3 

 
  MGDG sn-1 2 1 trace trace 4 93 

 sn-2 trace 70 trace trace 1 28 

 
  DGDG sn-1 15 2 trace 2 3 76 

 sn-2 9 3 trace trace 4 83 

 
  PC sn-1 42  4 5 23 26 

 sn-2 1  
trace 5 47 47 

 
  PE sn-1 58  4 5 15 18 

 sn-2 trace 
 

trace 2 60 38 

   3t -16:1     
  PG sn-1 22 - trace 9 13 55 

 sn-2 23 41 trace 1 8 8 

 

 

658    •   inform   November/December 2015, Vol. 26 (10)



that the protective effect of the antioxidant ingredients is more 
effective during storage. It is also interesting to note that at 
time zero both pepper varieties exerted a similar activity, while 
after ageing the sweet pepper shown higher activity than the 
hot one. These data suggest that the antioxidant activity is not 
connected to the capsaicinoids content, but is probably due to 
the combined action of all the antioxidants compounds occur-
ring in the pepper variety.
 It can be concluded that a perishable food such as olive oil 
can be protected by adding natural products at very low per-
centage, without significantly affecting its organoleptic prop-
erties. In particular, the strong effect recorded by the addition 
of only 1% of sweet red pepper suggests that this fruit could 
have important applications in canned food, as it should not 
significantly affect the overall flavor of the final product.

Claudio Corradini is an associate professor in the Department 
of Chemistry at the University of Parma (Parma, Italy), where 
Antonella Cavazza is a researcher, Paola Salvadeo is a research 
fellow, and Carmen Laganà is a doctoral student.
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 pATENTs
Type	A	gelatin	capsule	containing	
PUFA	in	free	acid	form
Sachetto, J.-P., et al., Chrysalis Pharma AG, US9012501,  
Apr. 21, 2015

A pharmaceutical formulation comprising at least one 
omega-3 polyunsaturated fatty acid in free acid form or a phar-
macologically acceptable derivative thereof is contained in a 
soft gelatin capsule characterized in that the capsule comprises 
gelatin extracted by an extraction process comprising acid pre-
treatment of a collagen source. One advantage of the present 
invention over a soft to gelatin capsule containing the same 
formulation but comprising gelatin extracted by an extraction 
process comprising alkali pretreatment of the collagen source 
is that the present invention does not harden significantly over 
time and thus has a longer shelf life.

Cocoa and sugar agglomerate 
for	flavored	beverages	and	
method of forming same
Wang, X., The Hershey Co., US9017750, Apr. 28, 2015

A method of forming cocoa and sugar base agglomerates 
is disclosed in which cocoa powder and sugar is mixed with an 
aqueous ethanol solution to form a dough and the dough is dried 
to form agglomerates of a porous dried dough having less than 
0.5%t bwt residual ethanol. The dried dough may be broken 
into pieces or formed into pieces by cutting prior to drying. 
The resulting pieces of the agglomerate disintegrate instantly 
in a cold aqueous liquid, such as water or milk, to form a fla-
vored beverage.

Shortening	composition
Doucet, J., Dupont Nutrition Biosciences APS, US9017752, 
Apr. 28, 2015

The present invention relates to a shortening system for 
use as dough fat or filling fat. The shortening system contains 
unhydrogenated or nonhydrogenated vegetable oil, such as a 
highly unsaturated, nonhydrogenated, or unhydrogenated veg-
etable oil, e.g., soybean oil, sunflower oil, corn oil, ricebran oil, 
or cottonseed oil and a minimum or minor amount (e.g., by 
weight about 3–10%, advantageously about 3–7%, more advan-
tageously about 3–6% or about 3–5% or less than about 6% or 
less than about 8% of an emulsifier composition The emulsifier 
composition comprises a monoglyceride and/or diglyceride, an 
alpha tending emulsifier and an ionic emulsifier. Methods for 
making and using such a shortening system and products from 
the use of such a shortening system are also disclosed.

Oil	or	fat	composition	
containing diglycerides
Saito, K., et al., Kao Corp., US9017753, Apr. 28, 2015

Provided is an oil or fat composition rich in diacylglycerol, 
including a high content of oleic acid in a constituent fatty acid 
thereof and having a good appearance at normal temperature. 
Specifically, the oil or fat composition satisfies the following 
items (1) to (4): (1) the oil or fat composition includes diac-
ylglycerol in an amount of 20 mass% or more; (2) constituent 
fatty acids of the diacylglycerol include oleic acid in an amount 
of 30 mass% or more; (3) the mass ratio of the content of (B) 
1,3-dipalmitin diacylglycerol to the content of (A) 1,2-dipalmi-
tin diacylglycerol, [(B)/(A)], in the diacylglycerol is 1.45 or less; 
and (4) the mass ratio of the content of (D) 1,3-diacylglycerol 
to the content of (C) 1,2-diacylglycerol, [(D)/(C)], in the dia-
cylglycerol is 1.2 or more.

Methods	for	enzymatic	
decolorization	of	chlorophyll
Lam, D., et al., DSM IP Assets B.V., US9017990, Apr. 28, 2015

The invention provides the invention provides composi-
tions and methods for the enzymatic treatment (“bleaching” 
or “de-colorizing”) of chlorophyll-comprising compositions, 
e.g., algae preparations, chlorophyll-containing or chlorophyll-
contaminated feeds, foods or oils, for example, vegetable oils, 
including oils processed from oilseeds, such as canola (rape-
seed) oil or soybean oil, or oil fruits, such as palm oil. In one 
aspect, the invention provides methods using a chlorophyllase 
enzyme for the enzymatic hydrolysis of chlorophyll in an algaal, 
an animal (e.g., a fish) or plant preparation, a food or an oil. 
In one aspect, the chlorophyllase is immobilized onto a silica. 
The invention also provides compositions of manufacture and 
detergents.

Fatty	acid	pharmaceutical	foam
Abram, A.Z., et al., Stiefel Research Australia Pty Ltd., 
US9023863, May 5, 2015

The present invention provides a foamable composition 
comprising water and an organic solvent, wherein the organic 
solvent comprises a fatty acid. The composition may further 
comprise a pharmaceutically active agent. The composition of 
the invention is also useful for the treatment of a dermatologi-
cal disorder in a mammal by the topical administration of the 
composition.
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Purification	of	crude	glycerol
Macret, R ., et al., Rhodia Poliamida e Especialidades LTDA, 
US9024081, May 5, 2015

Crude glycerol obtained from raw materials, such as the glyc-
erol obtained during the production of biodiesel or glycerol obtained 
during the conversion of fats or oils, is purified by forming a dioxo-
lane therefrom by reacting the crude glycerol with a ketone or alde-
hyde, separating the dioxolane thus formed, converting the dioxolane 
into purified glycerol and ketone/aldehyde, and recovering the glyc-
erol thus purified.

Methods and apparatus for 
controlling moisture in plant 
oils and liquid biofuels
Matsumura, M., Knobbe Martens Olson and Bear LLP; Ohana Invest-
ment Works LLC, US9028697, May 12, 2015

The moisture absorption capacity of biofuels can be more or less 
10 times that of fossil diesel oil, causing biofuels to form acids that 
induce metal corrosion and form deposits in the fuel tank and pipe 
lines. Methods for removing moisture from stored biofuels and plant 
oils are described wherein glycerol is used as a solvent to extract the 
moisture from the bioliquid or oil, comprising the steps of placing the 
biofuel or oil in fluid contact with glycerol, incubating for a time, and 
then removing the glycerol. A cellulous ester dialysis or other semi-
permeable membrane may be used to prevent the glycerol from con-
taminating the biofuel while allowing moisture to pass. Crude glycerol 
produced as a byproduct of biodiesel production may be used in the 
method of the disclosed invention with good result. Preferred embodi-
ments of apparatus that employ the method of the subject invention 
are described.

Method for producing oil 
containing highly unsaturated 
fatty	acid	using	lipase
Doisaki, N., et al., Nippon Suisan Kaisha, Ltd., US9029584, May 12, 
2015

A method for lowering content of a sterol in a highly unsaturated 
fatty acid-concentrated oil in a method to concentrate a highly unsat-
urated fatty acid by using a lipase reaction, may include removing the 
free form of the sterol from a raw material oil that includes a highly 
unsaturated fatty acid-containing glyceride prior to performing the 
lipase reaction; and thereafter concentrating the highly unsaturated 
fatty acid in the glyceride by using a lipase that is less reactive for the 
highly unsaturated fatty acid.

Burner for unprocessed  
waste oils
Leue, T.S., Homestead Engineering Inc., US9033698, May 19, 2015

A system and techniques for waste oil combustion are provided. 
The techniques include straining waste oil, separating contaminants 
from the strained waste oil to produce segregated layers of waste oil, 
selectively drawing a segregated layer of the waste oil, entraining the 
drawn waste oil to a burner for combustion, and regulating flow rate 
to produce a controllable amount of heat output. The system includes 
a container for straining waste oil, a storage drum for separating con-
taminants from the strained waste oil via gravity separation to produce 
segregated waste oil, an oil uptake channel for entraining the waste 
oil from the storage drum, a fuel regulator for controlling rate of flow 
of the waste oil from the storage drum to a burner head via the oil 
uptake channel, and a burner head control for repositioning a burner 
head under the input stream to produce a controllable amount of heat 
output.

Product	based	on	conjugated	
linoleic acid and a method for 
the manufacture thereof
Lorenzon, M., SILA S.R.L., US9034385, May 19, 2015

A product based on conjugated linoleic acid (CLA) comprises an 
inner core in which the conjugated linoleic acid is substantially concen-
trated as well as a coating for covering and protecting the inner core; 
the coating in turn comprises a fraction greater than 80% bwt relative 
to the coating of a lipid matrix formed by glycerides of C16, C18, C20 
and C22 saturated fatty acids.

Compositions	and	methods	for	
making and modifying oils
Lam, D., et al., DSM IP Assets B.V., US9034612, May 19, 2015

The invention provides novel methods for making or modifying 
oils, e.g., plant animal or microbial oils, such as vegetable oils or related 
compounds, that are low in a particular fatty acid(s), for example, low 
linoleic oils, linolenic oils, low palmitic oils, low stearic oils or oils low 
in a combination thereof.

Patent information is compiled by Scott 
Bloomer, a registered US patent agent with 
Archer Daniels Midland Co., Decatur, Illi-
nois, USA. Contact him at scott.bloomer@
adm.com.
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 ExTRAcTs & 
DISTILLATES
Lipid-lowering	activity	of	
natural	and	semi-synthetic	
sterols and,stanols
Taha, D.A., et al., J. Pharm. Pharm. Sci. 18: 344 –367, 2015. 
         Consumption of plant sterols/ stanols has long been demon-
strated to reduce plasma cholesterol levels. The objective of this 
review is to demonstrate the lipid-lowering activity and anti-
atherogenic effects of natural and semi-synthetic plant sterols/ 
stanols based on evidence from cell-culture studies, animal stud-
ies and clinical trials. Additionally, this review highlights certain 
molecular mechanisms by which plant sterols/ stanols lower 
plasma cholesterol levels with a special emphasis on factors that 
affect the cholesterol-lowering activity of plant sterols/stanols. 
The crystalline nature and the poor oil solubility of these natural 
products could be important factors that limit their cholesterol-
lowering efficiency. Several attempts have been made to improve 
the cholesterol-lowering activity by enhancing the bioavailability 
of crystalline sterols and stanols. Approaches involved reduc-
tion of the crystal size and/or esterification with fatty acids from 
vegetable or fish oils. However, the most promising approach in 
this context is the chemical modification of plant sterols /stanols 
into water soluble disodium ascorbyl phytostanyl phosphates 
analogue by esterification with ascorbic acid. This novel semi-syn-
thetic stanol derivative has improved efficacy over natural plant 
sterols/ stanols and can provide additional benefits by combin-
ing the cholesterol-lowering properties of plant stanols with the 
antioxidant potential of ascorbic acid.

Diets with high-fat cheese, 
high-fat meat, or carbohydrate 
on cardiovascular risk 
markers in overweight 
postmenopausal women: a 
randomized crossover trial
 Thorning,  T.K., et al., Am. J. Clin. Nutr. 3:  573–581,  2015, 
http://dx.doi.org/10.3945/ajcn.115.109116 .
         Heart associations recommend limited intake of saturated 
fat. However, effects of saturated fat on low-density lipoprotein 
(LDL)-cholesterol concentrations and cardiovascular disease 
risk might depend on nutrients and specific saturated fatty acids 
(SFAs) in food. We explored the effects of cheese and meat as 
sources of SFAs or isocaloric replacement with carbohydrates on 
blood lipids, lipoproteins, and fecal excretion of fat and bile acids. 
The study was a randomized, crossover, open-label intervention in 
14 overweight postmenopausal women. Three full-diet periods of 
2-wk duration were provided separated by 2-wk washout periods. 
The isocaloric diets were as follows: 1) a high-cheese (96–120-g) 
intervention [i.e., intervention containing cheese (CHEESE)], 2) 
a macronutrient-matched nondairy, high-meat control [i.e., non-
dairy control with a high content of high-fat processed and unpro-
cessed meat in amounts matching the saturated fat content from 
cheese in the intervention containing cheese (MEAT)], and 3) a 
nondairy, low-fat, high-carbohydrate control (i.e., nondairy low-
fat control in which the energy from cheese fat and protein was 
isocalorically replaced by carbohydrates and lean meat (CARB). 
The CHEESE diet caused a 5% higher high-density lipoprotein 
(HDL)-cholesterol concentration (P = 0.012), an 8% higher apo 
A-I concentration (P < 0.001), and a 5% lower apoB:apo A-I ratio  
(P = 0.008) than did the CARB diet. Also, the MEAT diet caused 
an 8% higher HDL-cholesterol concentration (P < 0.001) and a 
4% higher apo A-I concentration (P = 0.033) than did the CARB 
diet. Total cholesterol, LDL cholesterol, apoB, and triacylglycerol 
were similar with the 3 diets. Fecal fat excretion was 1.8 and 0.9 
g higher with the CHEESE diet than with CARB and MEAT 
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diets (P < 0.001 and P = 0.004, respectively) and 0.9 g higher with 
the MEAT diet than with the CARB diet (P = 0.005). CHEESE 
and MEAT diets caused higher fecal bile acid excretion than did the 
CARB diet (P < 0.05 and P = 0.006, respectively). The dominant 
type of bile acids excreted differed between CHEESE and MEAT 
diets. Diets with cheese and meat as primary sources of SFAs cause 
higher HDL cholesterol and apo A-I and, therefore, appear to be less 
atherogenic than is a low-fat, high-carbohydrate diet. Also, our find-
ings confirm that cheese increases fecal fat excretion. This trial was 
registered at clinicaltrials.gov as NCT01739153.

The	relationship	of	antioxidant	
components	and	antioxidant	
activity	of	sesame	seed	oil
Yin Wan, et al., J. Sci. Food Agric. 95:  2571–2578, 2015,  http://
dx.doi.org/10.1002/jsfa.7035.
       Although sesame seed oil contains high levels of unsaturated 
fatty acids and even a small amount of free fatty acids in its unrefined 
flavored form, it shows markedly greater stability than other dietary 
vegetable oils. The good stability of sesame seed oil against autoxida-
tion has been ascribed not only to its inherent lignans and tocopher-
ols but also to browning reaction products generated when sesame 
seeds are roasted. Also, there is a strong synergistic effect among 
these components. The lignans in sesame seed oil can be categorized 
into two types, i.e. inherent lignans (sesamin, sesamolin) and lignans 
mainly formed during the oil production process (sesamol, sesa-
molinol, etc.). The most abundant tocopherol in sesame seed oil is 
γ-tocopherol. This article reviews the antioxidant activities of lignans 
and tocopherols as well as the browning reaction and its products 
in sesame seed and/or its oil. It is concluded that the composition 
and structure of browning reaction products and their impacts on 
sesame ingredients need to be further studied to better explain the 
remaining mysteries of sesame oil. 

Validation	of	the	omega-3	fatty	acid	
intake measured by a web-based 
food	frequency	questionnaire	against	
omega-3	fatty	acids	in	red	blood	
cells in men with prostate cancer
Allaire, J., et al., Eur. J. Clin. Nutr. 69: 1004–1008, online first, March 
2015, http://dx.doi.org/10.1038/ejcn.
      The objective of this study was to evaluate the ability of a web-
based self-administered food frequency questionnaire (web-FFQ) 
to assess the omega-3 (ω-3) fatty acids (FAs) intake of men affected 
with prostate cancer (PCa) against a biomarker.The study presented 
herein is a sub-study from a phase II clinical trial. Enrolled patients 

afflicted with PCa were included in the sub-study analysis if the FA 
profiles from the red blood cell (RBC) membranes and FA intakes 
at baseline were both determined at the time of the data analysis 
(n=60). Spearman’s correlation coefficients were calculated to 
estimate the correlations between FA intakes and their proportions 
in the RBC membranes. Intakes of eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) were highly correlated with their 
respective proportions in the RBC membranes (both rs=0.593, 
P<0.0001). Correlation between alpha-linolenic acid (ALA) intake 
and its proportion in RBC was not significant (rs=0.130, P=0.332). 
Correlations were observed between fatty fish intake and total ω-3 
FAs (rs=0.304, P=0.02), total long-chain ω-3 FAs (rs=0.290, P=0.03) 
and DHA (rs=0.328, P=0.01) in RBC membranes.This study has 
shown that the web-FFQ is an accurate tool to assess total long-
chain ω-3 FAs, EPA and DHA but not ALA intake in clinical trials 
and epidemiological studies carried out in men with PCa.

Characterization	of	the	aroma-
active,	phenolic,	and	lipid	profiles	
of the pistachio (Pistacia vera 
L.)	nut	as	affected	by	the	single	
and	double	roasting	process
Rodríguez-Bencomo, J.J., et al., J. Agric. Food Chem. 63: 7830–7839, 
2015, http://dx.doi.org/10.1021/acs.jafc.5b02576.
      The pistachio (Pistacia vera L.) nut is one of the most widely 
consumed edible nuts in the world. However, it is the roasting 
process that makes the pistachio commercially viable and valuable 
as it serves as the key step to improving the nut’s hallmark sensory 
characteristics including flavor, color, and texture. Consequently, the 
present study explores the effects of the single-roasting and double-
roasting process on the pistachio’s chemical composition, specifi-
cally aroma-active compounds, polyphenols, and lipids. Results 
showed the total polyphenol content of increased with the roasting 
treatment; however, not all phenolic compounds demonstrated this 
behavior. With regard to the aroma and aroma-active compounds, 
the results indicated that roasting process results in the development 
of characteristics and pleasant aroma of pistachio samples due to the 
Maillard reaction. With regard to lipids, the pistachio roasting treat-
ment reduced the concentration of CN38 diacylglycerides while 
increasing the amount of elaidic acid.
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Manipulation	of	lipids	in	animal-
derived foods: Can it contribute 
to	public	health	nutrition?
Ian Givens, D., Eur. J. Lipid Sci. Technol. 117 : 1306–1316, online 
first, September 2015, http://dx.doi.org/10.1002/ejlt.201400427.
      Foods derived from animals are an important source of nutrients 
for humans. Concerns have been raised that due to their SFA con-
tent, dairy foods may increase the risk of cardiometabolic disease. 
Prospective studies do not indicate an association between milk 
consumption and increased disease risk although there are less data 
for other dairy foods. SFA in dairy products can be partially replaced 
by cis-MUFA through nutrition of the dairy cow although there are 
too few human studies to conclude that such modification leads to 
reduced chronic disease risk. Intakes of LCn-3 FA are sub-optimal 
in many countries and while foods such as poultry meat can be 
enriched by inclusion of fish oil in the diet of the birds, fish oil is 
expensive and has an associated risk that the meat will be oxidatively 
unstable. Novel sources of LCn-3 FA such as krill oil, algae, and 
genetically modified plants may prove to be better candidates for 
meat enrichment. The value of FA-modified foods cannot be judged 
by their FA composition alone and there needs to be detailed hu-
man intervention studies carried out before judgements concerning 
improved health value can be made.

Transgenic plants as a sustainable, 
terrestrial	source	of	fish	oils
Napier, J.A., et al., Eur. J. Lipid Sci. Technol. 117 :1317–1324, 2015, 
http://dx.doi.org/10.1002/ejlt.201400452.
      An alternative, sustainable source of omega-3 long chain poly-
unsaturated fatty acids is widely recognized as desirable, helping 
to reduce pressure on current sources (wild capture fisheries) and 
providing a de novo source of these health beneficial fatty acids. This 
review will consider the efforts and progress to develop transgenic 
plants as terrestrial sources of omega-3 fish oils, focusing on recent 
developments and the possible explanations for advances in the 
field. We also consider the utility of such a source for use in aquacul-
ture, since this industry is the major consumer of oceanic supplies of 
omega-3 fish oils. Given the importance of the aquaculture industry 
in meeting global requirements for healthy foodstuffs, an alterna-
tive source of omega-3 fish oils represents a potentially significant 
breakthrough for this production system.

Ahiflower	oil:	a	novel	non-GM	
plant-based	omega-3+6	source
Cumberford, G. and A. Hebard, Lipid Technol. 27, Issue 9: 207–210, 
2015, http://dx.doi.org/10.1002/lite.201500044.
      Ahiflower oil, a novel and proprietary dietary oil with the richest 
effective combined essential fatty acids from a single non-GM plant, 
has been developed agronomically in a unique vertically integrated 
“soil to oil” model at commercial scale by Nature's Crops Interna-
tional. Ahiflower oil helps resolve a persistent dilemma in sustain-
able global omega-3 nutrition from marine sources while dramati-
cally improving dietary omega-3 EPA conversion from plant sources 
and while supplying beneficial anti-inflammatory GLA not found 
in fish or algal oils. Having achieved key regulatory clearances in the 
US and EU, Ahiflower oil is launching in the latter half of 2015 in 
supplements and foods.

Reduction	of	oil	absorption	
during frying
Li. J. and L. Fan, Lipid Technol. 27 : 203–205, 2015, http://dx.doi.
org/10.1002/lite.201500040.
      Because of health concerns, consumers prefer fried food with 
low oil content and good sensory properties. Oil absorption during 
frying is affected by pretreatment, frying conditions and material 
properties. This paper reviews the oil absorption mechanism, influ-
ence factors and reduction methods during frying, pre-drying and 
coating methods for reducing oil absorption. It is evident that new 
frying technology, natural coatings, and combination frying, should 
ultimately lead to the production of healthier fried foods.

Crude fat content and 
fatty	acid	profile	and	their	
correlations	in	foxtail	millet
Zhang, A., Cereal Chem. 92: 455–459, 2015, http://dx.doi.
org/10.1094/CCHEM-12-14-0252-R 
      Crude fat and fatty acid profile of 35 foxtail millets including 
seven varieties planted in five different regions of China were stud-
ied. The fat content ranged from 3.38 to 6.49% (averaging 4.51%). 
The major fatty acid in foxtail millets was linoleic acid (averaging 
66.68%), followed by oleic acid (averaging 16.11%), palmitic acid 
(averaging 7.42%), stearic acid (averaging 6.84%), and linolenic 
acid (averaging 2.48%). Two-way ANOVA showed that fat content 
was significantly affected by millet variety and cultivation area (P < 
0.05). Fatty acids including linoleic acid, palmitic acid, stearic acid, 
and linolenic acid varied significantly in different foxtail millet variet-
ies (P < 0.05), except oleic acid (P > 0.05). Fatty acids including 
linoleic acid, oleic acid, palmitic acid, and stearic acid did not change 
significantly in foxtail millets from different regions (P > 0.05), 
except linolenic acid (P < 0.05). Correlation analysis indicated that 
oleic acid was negatively correlated with palmitic acid and linoleic 
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acid (P < 0.05), and linolenic acid was positively correlated with 
palmitic acid and linoleic acid but negatively correlated with stearic 
acid (P < 0.05). The research showed that millets with good fat com-
position can be obtained through breeding techniques or cultivation 
management.

lipid Oxidation

Active	edible	coating	from	
chitosan	incorporating	green	tea	
extract	as	an	antioxidant	and	
antifungal	on	fresh	walnut	kernel
Sabaghia, M., et al., Postharvest Biol. Technol. 110: 224–228, 2015, 
http://dx.doi.org/10.1016/j.postharvbio.2015.08.025. 
      The effects of coatings made from chitosan (Chi) incorporating 
green tea extract (GTE) on lipid oxidation, fungal growth, and sen-
sory properties of walnut kernels were studied. The Chi powder and 
GTE obtained from green tea were combined to obtain the final con-
centrations of Chi-GTE: 5-0, 5-5, 5-10, 10-0, 10-5 and 10-10 g L−1 
in an aqueous coating solution. Effective inhibition of lipid oxidation 
and fungal growth during storage of walnut kernels (18 weeks) was 
possible using the Chi10 coating combined with GTE. Different 
proportions of GTE had no significant effect (p < 0.05) on lipid 
oxidation. Fungal growth was not detected during the storage period 
with Chi10 and all different proportions of GTE, Throughout the 
storage duration, coatings without GTE showed no significant (p < 
0.05) effect on sensory properties; however Chi10-GTE10, was sig-
nificantly (p < 0.05) unacceptable by panelist. The results suggested 
that Chi10-GTE5 could prolong the shelf life of walnut kernels.

From	alga	to	omega;	have	we	
reached	peak	(fish)	oil?
Clayton, P.R. and S. Ladi, J. R. Soc. Med. 108: 351–357, 2015, 
http://dx.doi.org/10.1177/0141076815599673.
      While the Inuit diet was highly cardio-protective and consuming 
oily fish within a Western diet is to a lesser degree, the case for puri-
fied fish oil supplements is less convincing. Purification of fish oil 
removes lipophilic polyphenols which likely contribute to the health 
benefits of oily fish; leaving the ω3 highly unsaturated fatty acids 
exposed and prone to conferring oxidative and inflammatory stress. 
The authors believe that due to such issues as dietary shift, it may 
now be inadvisable to prescribe or sell purified ω3 highly unsatu-
rated fatty acids supplements, unless the appropriate co-factors are 
included.

Development	and	characterization	
of	multiple	emulsions	for	
controlled release of Trichilia 
catigua	(Catuaba)	extract
Alesandra, A., et al., Pharm. Dev.Technol, online only, September, 
2015, DOI: 10.3109/10837450.2015.1081611. 
      Considering the antioxidant activity of the Trichilia catigua 
extract (TCE), the aim of the current study was to develop and char-
acterize W/O/W multiple emulsions containing different vegetable 
oils as a platform to deliver a TCE. The extract displayed antioxidant 
activity (IC50) of 4.59 µg/mL and total phenol content (TPC) 
of 50.84%. Formulations were prepared by the phase-inversion 
emulsification method and analyzed for morphological appearance, 
pH, conductivity, droplet size and distribution, content of active, 
rheological properties, in vitro release, skin permeation, and stability. 
Formulations prepared with canola oil were selected and displayed 
regular morphology, mean diameter 2.77 µm (without TCE), 
3.07 µm with 0.5% and 3.23 µm with 1.0% TCE. Rheometry (flow) 
showed pseudoplastic behavior with minimal thixotropy for both 
systems. TCE could be released from emulsions containing 1.0% 
and 0.5% TCE in a controlled manner for 16 and 23 h, respectively. 
The emulsions allowed good retention of TCE in the skin (stratum 
corneum, epidermis, and dermis). In a 180-d assessment of acceler-
ated chemical stability, TPC was more reduced for the emulsions 
at 40 °C; other parameters remained stable. Multiple emulsions 
containing TCE were developed, exhibited good characteristics, and 
may be considered for future investigations as anti-aging formula-
tions for the skin.

Oxidative	stability	of	a	heme	
iron-fortified	bakery	product:	
effectiveness	of	ascorbyl	palmitate	
and co-spray- drying of heme 
iron with calcium caseinate
Alemána, M., et al., Food Chem., online first, September, 2015, 
http://dx.doi.org/10.1016/j.foodchem.
      Fortification of food products with iron is a common strategy to 
prevent or overcome iron deficiency. However, any form of iron is 
a pro-oxidant and its addition will cause off-flavours and reduce a 
product’s shelf life. A highly bioavailable heme iron ingredient was 
selected to fortify a chocolate cream used to fill sandwich-type cook-
ies. Two different strategies were assessed for avoiding the heme iron 
catalytic effect on lipid oxidation: ascorbyl palmitate addition and 
co-spray-drying of heme iron with calcium caseinate. Oxidation de-
velopment and sensory acceptability were monitored in the cookies 
over one-year of storage at room temperature in the dark.  
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The addition of ascorbyl palmitate provided protection against 
oxidation and loss of tocopherols and tocotrienols during cook-
ies preparation. In general, ascorbyl palmitate, either alone or in 
combination with the co-spray-dried heme iron, prevented primary 
oxidation and hexanal formation during storage. The combination 
of both strategies resulted in cookies that were acceptable from a 
sensory point of view after 1 year of storage.

Microstructure and long-term 
stability of spray dried emulsions 
with ultra-high oil content
Sarkara, A., et al., Food Hydrocolloids 52: 857–867, online first, 
January 2016 print date, http://dx.doi.org/10.1016/j.food-
hyd.2015.09.003. 
      The aim of this study was to investigate the microstructure and 
long-term mechanical as well oxidative stability of a new class of 
spray dried emulsion containing ultrahigh oil content. Emulsion (20 
wt% oil) stabilized by whey protein (1 wt%) was thermally cross-
linked at 82 °C for 10 min and spray dried without any additional 
wall materials using inlet/outlet air temperature of 105 ± 2/65 ± 
2 °C, respectively at a pilot scale. Confocal micrograph showed 
cohesive cross-linked whey protein film present at the oil-water in-
terface and at the powder surface stabilizing the oil powder particles 
containing 95.3 wt% oil. The mean droplet size of parent emulsion 
(0.21, 0.38, 0.76, 2.31 μm) significantly influenced the mechanical 
stability of the resulting oil powder in terms of oil leakage (2.73, 
0.93, 4.1, 7.54 wt%) upon compaction. Scanning electron microsco-
py revealed the level of surface oil and porous “sponge” like internal 
microstructure of the oil powder with polyhedral, closely packed 
droplets. Strong correlations existed between the mechanical prop-
erties of the oil powder and the oxidative stability over 5 months. 
The kinetics of oxidation of oil powder was higher than that of cor-
responding bulk oil with or without added antioxidants as evidenced 
by evolution of primary oxidation products (hydroperoxides) and 
secondary oxidation products (hexanal). This might be due to the 
multi-step processing (e.g. homogenization, thermal cross-linking, 
spray drying) as well as inability of the cohesive but permeable 
protein matrix to protect the ultra-high content of oil droplets from 
diffusion of oxygen and prooxidants.

Influence	of	oil	extraction	method	
on	properties	of	canola	biodiesel,	
epoxies,	and	protein-based	plastics
Wajira, A., et al., Ind. Crops Prod. 77: 133–138, online first, December 
2015 print date, http://dx.doi.org/10.1016/j.indcrop.2015.08.050.
      Canola oil was extracted using a liquid carbon dioxide extraction 
process (LCE), laboratory screw-pressing, and industrial solvent 
extraction. Oilseed meal generated from these methods was used to 
extract proteins for protein-based plastics, and the oil was used to 
produce both epoxy resins and biodiesel. Protein isolates obtained 
from the LCE-generated meal produced plastics with higher tough-
ness and elongation, but lower tensile strength and modulus, than 

those using meal obtained from screw pressing and solvent extrac-
tion. The oils extracted using the LCE process produced cured 
epoxy resins with higher flexural modulus than those produced from 
solvent-extracted oil. However, dynamic mechanical properties 
such as storage and loss modulus showed no significant differences 
with respect to oil extraction method. Oils obtained from extraction 
methods had similar fatty acid profiles and produced biodiesel with 
no significant differences in properties.

Increasing carotenoid bioaccessibility 
from yellow peppers using 
excipient	emulsions:	impact	of	lipid	
type and thermal processing
Liu, X., et al., J. Ag. Food Chem., accepted online, September 2015, 
http://dx.doi.org/10.1021/acs.jafc.5b04217.
      Many phytochemicals from fruits and vegetables exert biological 
activities that may be beneficial to human health, but these benefits 
are not fully realized because of their poor oral bioavailability. The 
objective of this research was to establish the potential of excipi-
ent emulsions to increase carotenoid bioaccessibility from raw and 
cooked yellow peppers using a gastrointestinal model that included 
oral, gastric, and intestine phases. The influence of oil type (me-
dium chain triglycerides, MCT; long chain triglycerides, LCT; and, 
indigestible orange oil, OO) on microstructural changes, particle 
properties, lipid digestibility, and carotenoid bioaccessibility was 
investigated. Oil type had a major impact, with carotenoid bioac-
cessibility decreasing in the following order: LCT > MCT > OO > 
control (no oil). Conversely, thermal treatment (raw versus boiled) 
had little influence on carotenoid bioaccessibility. These results will 
facilitate the rational design of excipient emulsions that boost the 
bioavailability of phytochemicals in fruits and vegetables.

Long-chain	fatty	acids	elicit	a	
bitterness-masking	effect	on	
quinine and other nitrogenous 
bitter	substances	by	formation	
of	insoluble	binary	complexes
Ogi, K., et al., accepted online, September 2015, http://dx.doi.
org/10.1021/acs.jafc.5b03193.
      We have previously found that fatty acids can mask the bitterness 
of certain nitrogenous substances through direct molecular interac-
tions. Using isothermal titration calorimetry, we investigated the 
interactions between sodium oleate and 22 bitter substances. The 
hydrochloride salts of quinine, promethazine and propranolol inter-
acted strongly with fatty acids containing 12 or more carbon atoms. 
The 1H-NMR spectra of these substances obtained in the presence 
of the sodium salts of the fatty acids in dimethyl sulfoxide, revealed 
the formation of hydrogen bonds between the nitrogen atoms of the 
8 bitter substances and the carboxyl groups of the fatty acids. When 
sodium laurate and the hydrochloride salt of quinine were mixed 
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in water, an equimolar complex was formed as insoluble heteroge-
neous needle-like crystals. These results suggested that fatty acids 
interact directly with bitter substances through hydrogen bonds and 
hydrophobic interactions to form insoluble binary complexes, which 
mask bitterness.

Industrial applications

Alternative	solvents	for	Moringa 
oleifera	seeds	extraction
 Efeovbokhan, V.E., et al., J. Applied Sci. 15: 1073–1082, 2015, 
http://dx.doi.org/10.3923/jas.2015.1073.1082.
      Moringa oleifera is a versatile plant and has wide applicability. 
Two critical factors that make the oil more readily available for use 
are its ease of processing techniques and production rate. Solvent 
extraction using various solvents is common and is usually more 
efficient than mechanical presses. Hence investigating the suitabil-
ity of three solvents-hexane, Isopropyl Alcohol (IPA) and Petro-

leum Ether (PE) in the extraction of Moringa seeds from northern 
(sample 1) and southern (sample 2) parts of Nigeria was carried 
out using a soxhlet extractor between 2 and 12 h. The percentage 
yield of oil from the two samples was found to be dependent on the 
solvent used, the residence time and the source of the seed sample. 
Petroleum ether gave the highest yield of 49.38 and 37.57%, next 
was hexane with 44.94 and 34.71% while isopropyl alcohol gave 
36.39 and 28.43%, for samples 1 and 2, respectively. For all sol-
vents, sample 1 produced higher oil yield. The percentage oil yield 
increased with time reaching an optimum at between 8-10 h. From 
chromatographic analysis, besides other trace components, the pre-
dominant fatty acids present in the Moringa oleifera oil include oleic, 
stearic, palmitic, linoleic and palmitoleic acids. The overall composi-
tion of the oil indicated higher levels of unsaturated than saturated 
acids with oleic acid having the highest percentage composition of 
68.8% in all the extracted oil samples. The results obtained from 
this investigation showed that the alternative solvents (IPA and PE) 
considered can potentially substitute n-hexane in Moringa oilseed 
extraction.  

Continued on page 669
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Editor’s Note: This excerpt is from Ingredients: A Visual Exploration 
of 75 Additives & 25 Food Products by science writer Steve 
Ettlinger and photographer Dwight Eschliman. This new book from 
Regan Arts (September 29, 2015; ISBN 978-194139331-4; $35.00) 
demystifies some of the more controversial and common food 
additives. See www.reganarts.com for more information.   
Every natural color has its most common, well-known food 
source, but bright red lycopene outdoes the others: It is almost 
exclusively linked with tomatoes, even though it is also found 
in paprika, pink grapefruit, guava, watermelon, asparagus (yes, 
asparagus), and rose hips (as well as a fungus, Blakeslea trispora). 
Interestingly enough, neither cherries nor strawberries have 
it; many red fruits are colored by anthocyanins. Only lycopene 
extracted from tomatoes is allowed to be used as a food colorant 
in the United States. Generally, this extraction involves a large 
chemical plant and soaking tomato pomace left over from making 
juice or sauce in a volatile solvent that is boiled off (chemically 
synthesized lycopene is acceptable as a nutritional supplement). 
Lycopene is a carotene, and as such shares a molecular formula 
and the E-number 160 (though with a differentiating letter) with 
the other carotenes, especially beta-carotene.  

         A phytochemical, lycopene’s biological role involves helping 
photosynthesis along and creating beta-carotene. It joins a list 
of other natural pigments that are also good for you, including 
chlorophyll, beta-carotene, and anthocyanins. In fact, despite the 
health benefits being quite unclear, many people make a special 
effort to eat cooked tomatoes in order to consume as much 
lycopene as they can.  
         One of the most wonderful discoveries of food science 
was inspired by research into the Mediterranean diet in the 
early 1950s. Scientists noticed that many of the residents of a 
southern Italian village led long and healthy lives without much 
need for medical care. Among the many healthful things they 
ate (like wine, lots of fruit and veggies, and very little meat) were 
tomatoes cooked in olive oil. Now we have come to understand 
that lycopene is only soluble, and thus made more nutritious to 
us, in oil (or solvents). Raw tomatoes offer much less nutrient 
bioavailability. Without really knowing it, the Italian villagers 
had chosen the best way to make tomatoes’ nutrients available 
through something akin to natural selection. (As of the 2000s, 
residents in the same area are not doing as well, attributed 
in part to their adoption of a modern sedentary lifestyle and 
overprocessed-food eating habits.) 
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synthetic biology 

Metabolic engineering of oilseed crops 
to produce high levels of novel acetyl 
glyceride oils with reduced viscosity, 
freezing	point	and	calorific	value
Liu, J., et al., Plant Biotechnol. J. 13 :858–865, 2015, http://dx.doi.
org/10.1111/pbi.12325.
      Seed oils have proved recalcitrant to modification for the produc-
tion of industrially useful lipids. Here, we demonstrate the successful 
metabolic engineering and subsequent field production of an oilseed 
crop with the highest accumulation of unusual oil achieved so far in 

transgenic plants. Previously, expression of the Euonymus alatus diacylg-
lycerol acetyltransferase (EaDAcT) gene in wild-type Arabidopsis seeds 
resulted in the accumulation of 45 mol% of unusual 3-acetyl-1,2-diacyl-
sn-glycerols (acetyl-TAGs) in the seed oil (Durrett et al., 2010 PNAS 
107:9464). Expression of EaDAcT in dgat1 mutants compromised in 
their ability to synthesize regular triacylglycerols increased acetyl-TAGs 
to 65 mol%. Camelina and soybean transformed with the EaDAcT gene 
accumulate acetyl-triacylglycerols (acetyl-TAGs) at up to 70 mol% of 
seed oil. A similar strategy of coexpression of EaDAcT together with 
RNAi suppression of DGAT1 increased acetyl-TAG levels to up to 85 
mol% in field-grown transgenic Camelina. Additionally, total moles of 
triacylglycerol (TAG) per seed increased 20%. Analysis of the acetyl-
TAG fraction revealed a twofold reduction in very long chain fatty acids 
(VLCFA), consistent with their displacement from the sn-3 position 
by acetate. Seed germination remained high, and seedlings were able to 
metabolize the stored acetyl-TAGs as rapidly as regular triacylglycerols. 
Viscosity, freezing point and caloric content of the Camelina acetyl-TAG 
oils were reduced, enabling use of this oil in several nonfood and food 
applications.



ADVERTISING SUPPLEMENT  

near Infrared (nIR) Spectroscopy has been recognized for decades as a well-established technique in 
the	agricultural	sector	and	is	becoming	more	and	more	important	in	the	food	industry.	Modern	multi-
purpose	NIR	spectrometers	based	on	Fourier-Transform	technology,	so-called	FT-NIR	spectrometers	
(Fig.	1),	can	analyze	both	liquid	and	solid	samples	and	are	the	ideal	tool	for	the	non-destructive	and	
rapid	analysis	of	oilseeds	and	finished	oils	throughout	the	entire	manufacturing	process.	In	addition,	
dedicated	applications,	such	as	the	storage	analysis	of	olive	oil	or	monitoring	of	degradation	processes	
in	used	frying	oils,	have	been	explored,	showing	a	high	potential	for	increasing	the	quality	of	oils,	raising	
the	efficiency	of	production,	and	providing	cost	savings.

FT-NIR spectroscopy: a 
valuable tool for the edible 
oil industry  Dagmar behmeri

FIG. 1. FT-NIR spectrometer MPA for the analysis of oils and oilseeds FT-NIR measures the absorption 
of near-infrared light of the sample at different wavelengths. The recorded spectrum is characterized 
by overtones and combinations of the fundamental molecular vibrations of molecules containing 
C-H, N-H or O-H groups, making FT-NIR spectroscopy first choice for the analysis of organic materials, 
such as oilseeds and edible oils.
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 FT-NIR offers many advantages over classical wet-chemical 
and chromatographic analyses. It is quick, cost-effective, and safe, 
since no hazardous chemicals are used. It also eliminates the typi-
cal error sources of classical lab methods, such as those that occur 
during the sample preparation stage. With only one measurement, 
multiple components can be analyzed in less than one minute for 
both solid and liquid samples (Fig. 2). This will result in tighter qual-
ity control with higher sample throughput and lower analysis cost
 Although FT-NIR spectroscopy is not a technology for trace 
analysis of components such as toxins, it will help the producer 
to constantly monitor the quality of goods along the production 
chain—from checking the incoming raw materials to quality test-
ing of the finished product. With the implementation of the US 
FDA Food Safety Modernization Act, this will soon be as important 
for the food industry as it is already today for the pharmaceutical 
industry.

RIgHT FROM THE bEgINNINg:  
ANAlysIs OF OIlsEEDs
The analysis of oilseeds plays a major role in ensuring the right 
quality of food as well as of agricultural products. FT-NIR spec-
troscopy offers solutions for oil producers as well as for breed-
ers. To optimize the oil pressing process, oil seeds, as well as the 
intermediate products, can be analyzed for oil and moisture con-
tent.  The pressing process can therefore be optimized, leading to 
higher plant efficiency. 
 Looking at the plant breeding process, at each stage the breeder 
needs to choose the best seeds for propagation from one genera-
tion to the next. In the past, the breeder had to sacrifice some of 
these valuable seeds to test for the traits of interest. FT-NIR has 
become increasingly popular in the plant breeding-sector, as it is 
a non-destructive method of analysis, capable of measuring many 

FIG. 2. Analyzing soybeans in less than a minute for oil content 
and fatty acid composition

of the important traits. It allows the breeder to analyze bulk as 
well as single seeds quickly to determine the optimum seeds.
 Depending on the use of oilseeds, different parameters 
are of interest. For example, FT-NIR spectrometers can analyze 
the content of oleic and linoleic acid inside the seed to deter-
mine high-oleic sunflower seeds. Canola breeders can obtain 
valuable additional information, such as fatty acid concentra-
tions, including erucic acid as well as the glucosinolate content. 
These are crucial parameters for the palatability of the finished  
product. 

TAkINg A clOsER lOOk:  
Qc OF FINIsHED OIls
Since FT-NIR spectroscopy is capable of looking at the com-
plete composition of the molecules, the composition of the 
oil in terms of fatty acid profile (C16:0, C18:0, C18:1, C18:2, 
C18:3, etc.) can be determined. This is generally important for 
the identification of different oils as well as for quality control. 
 Iodine Value (IV) is a good measure to predict the physical 
appearance and the processability of the fat. IV is defined as the 
grams of Iodine absorbed by 100g of fat or oil. The higher the 
IV is, the softer the fat. IV analysis by FT-NIR is acknowledged 
by AOCS (method Cd1e-01). Other parameters, such as oil acid-
ity, can also be determined simultaneously from a single mea-
surement. The more fatty acids are freed from the glycerine 
backbone, the more acidic the oil becomes. This is expressed 
as the free fatty acid (FFA) content. Moreover, the health-rel-
evant trans-fatty-acid (TFA) content as well as physical param-
eters like color values or dropping point can be determined. 

MEDITERRANEAN sUpERFOOD:  
OlIvEs AND OlIvE OIl
The vast majority of olives grown all over the world are used 
for the manufacture of olive oil. The value of an olive crop is 
mostly determined by the oil content. Thus, determining the 
exact oil content is essential for farmers and industry alike 
to estimate the value of the collected olives and to optimize 
future harvests. Traditionally, the oil content is determined by 
Soxhlet extraction. Since Soxhlet extraction is a wet chemi-
cal method requiring a large amount of solvents, it is becom-
ing increasingly unacceptable. Moreover, the results are often 
operator dependent, and the procedure is slow compared to 
spectroscopic methods. 
 The amount of free fatty acids (FFA), expressed as acidity 
is, apart from organoleptic evaluations, a major criterion for 
the classification of the olive oil into the trade categories of 
“virgin” and “extra virgin”. According to the current EC regu-
lation 1513/01, the maximum level of free acidity of an extra 
virgin olive oil must not be higher than 0.8 gram per 100 grams 
(0.8 %). The acidity level in the oil increases if the olives were 
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attacked by insects, were collected from the ground instead of 
straight from the tree, or if there was a time lag between har-
vests and processing.
 However, classification of “extra virgin” is not the only impor-
tant factor to evaluate the quality of an olive oil. Two recently 
developed methods, the amount of 1,2-diacylglycerols (DAGs) 
and the ratio of pyropheophytins (PPP), describing the degra-
dation of the oil’s chlorophyll to propheophytin, have shown 
promising results in determining whether an oil is old, has been 
poorly stored, or possibly even refined. DAGs and PPP have been 
included by the Australian Olive Association in their regulations 
and are currently under investigation by the Olive Oil Commis-
sion of California (OOCC). Both parameters can be analyzed with 
FT-NIR in 30 seconds (Fig. 3). 

TO gET WHAT yOU pAy FOR:  
TEsTINg FOR ADUlTERATION
A common problem not only for the olive oil industry is the adul-
teration of high-priced olive oil with cheaper vegetable oils, such 
as sunflower oil or hazelnut oil. Today’s public awareness of the 
health benefit of olive oil makes adulteration economically attrac-
tive. From a chemical perspective, most oils are very similar and 
a blend is difficult to identify with common quick tests such as 
refractive index measurements. However different oils vary in 
their fatty acid profile, and FT-NIR spectroscopy can offer a valu-
able tool for determining other types of oil in olive oil down to a 
low-percentage range. A study of different olive oils adulterated 
with hazelnut oils showed a good correlation of FT-NIR results 
with the gravimetric method.
 Another issue regarding adulteration is to determine the ori-
gin of plant oils to assign them to geographic regions for certifi-
cation purposes. One example is the registered designations of 
origin (RDO) nomination of extra virgin olive oils of known region, 
province, and cultivar. Here FT-NIR is currently under review if 
it can help identifying fraud. First studies indicate that FT-NIR 
spectroscopy, together with chemometric algorithms, shows  
promising results. 

HOT TOpIc: MONITORINg OF FRyINg  
OIl QUAlITy
In recent years, fried food has been stigmatized due to health 
concerns raised by various studies relating fried food to cardio-
vascular disease, obesity, diabetes, and other negative conditions. 
However, the fact is that the quality of the frying fat heavily influ-
ences the quality of the finished product. This becomes clear if 
you consider that a potato in its raw state has a fat content of 
less than 1%. Potato chips (crisps), on the other hand, can con-
tain up to 35% fat, which clearly derives from the migration of 
the frying medium into the food.
  This makes the importance of thorough quality control—in 
fast food restaurants and huge frying operations alike—very obvi-
ous. Whereas small frying operations mostly rely on experience 
and occasional quick-test solutions, such as visual test strips or 
simple conductivity measurements, it is of utmost importance 
to constantly monitor the frying medium in large-scale industrial 
fryers with high turnovers. Any deviation from the guaranteed 
quality will lead to loss in consumer trust and potential claims. 
Consequently, tight control of oil quality will offset the cost of 
replenishing the oil.
  There are several recognized parameters that correlate well 
with the quality of the used frying oil, such as acid value (amount 
of free fatty acids) and anisidine value. Since most of the degra-
dation products of frying oils are of polar character, the amount 
of total polar compounds (TPC) is a reliable quality indicator, 
together with the amount of di- and polymeric triacylglycerols 
(DPTG), which are formed during the frying process. 
  However, no single parameter is able to explain the frying 
process or the final food quality sufficiently. Ideally, a combination 
of indices giving a complete picture of the chemical substances 
formed during frying would be desirable. Hence, FT-NIR spectros-
copy offers a fast, non-destructive, and cost-effective method 
for the analysis of used frying oils. This was acknowledged by the 
Deutsche Gesellschaft Fur Fettwissenschaft (DGF), or German 
Society for Fat Science, which issued the Standard Method “FT-
NIR Spectroscopy: Screening analysis of used frying fats and oils 
for rapid determination of polar compounds, polymerised tria-
cylglycerols, acid value and anisidine value [DGF C-VI 21a (13)]” 
in September 2013. 

cONclUsION
FT-NIR spectroscopy has the potential to substitute a wide range 
of classical analysis methods in the edible oil industry. Bruker 
Optics offers an array of ready-to-use calibrations for edible 
fats and oils as well as for oil seeds and olives to enable a quick 
and efficient start into this exiting technology. For more infor-
mation, please contact info.bopt.us@bruker.com or visit http://
www.bruker.com/edible-oils.

Dagmar Behmer, member of Euro Fed Lipid and DGF, has an MSc 
degree in analytical chemistry and is responsible for the interna-
tional support in the NIR & Process Technology department of 
Bruker Optics in Germany. Today, she is looking back on over 20 
years of experience with NIR spectroscopy, focusing on food and 
agricultural applications.
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FIG. 3. Rapid oil analysis with FT-NIR using disposable vials





SCIENTIFIC PUBLISHING

•  In today’s “Wild West” of scientific publishing,  
it is the author’s—not the publisher’s—responsi-
bility to make sure that an accepted paper is  
well-written and in correct English.

•  given that most authors are not grammarians or 
technical editors, and also that English may not  
be their first language, it is easy to understand 
why the quality of journal submissions has  
deteriorated. 

•  In part three of our series on scientific publishing, 
JAOCS senior Associate Editor Michael Dowd de-
scribes common editorial problems that regularly 
find their way into submitted manuscripts. 

          

Common editorial 
mistakes	in	journ		l	
submissions
Congratulations;	you’ve	finished	your	experiments,	reached	interesting	conclusions,	and	started	to	
draft	your	report.	Now	it	needs	to	be	polished	to	perfection	before	sending	it	to	the	journal.	

In	the	current	state	of	scientific	publishing,	few	publishers	employ	technical	editors	to	revise	reports.	
Instead,	publishers	state	in	the	Instructions	to	Authors	that	this	is	the	author’s	responsibility.	While	
researchers	generally	take	great	efforts	to	design	experiments,	collect	data,	and	generate	results,	
they	rarely	put	much	into	to	the	last	step	of	the	process—communicating	the	results	to	others.	Con-
sequently,	the	quality	of	journal	submissions	over	the	years	has	deteriorated,	much	to	the	annoy-
ance	of	reviewers	and	editors—and	the	unfortunate	readers	who	wrestle	with	poorly	written	reports	
after	publication.	In	the	final	part	of	this	series,	I	focus	on	editorial	problems	frequently	observed	in	
submissions to the Journal of the American Oil Chemist’ Society (JAOCS).	Grammatical	errors,	word	
misuse,	wordiness,	imprecise	or	ambiguous	language,	abbreviation	misuse,	and	scientific	style	errors	
are all issues.  

a
Michael k. Dowd
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gRAMMATIcAl IssUEs
In the first article of this series, I mentioned the importance of clarity. 
Grammatical issues relate to this, in part, because of reader expecta-
tions. For instance, readers expect singular nouns to be followed by 
singular verbs. If that is not what happens, they can become confused 
about what was intended. I frequently find this error in two forms. 
First, it occurs when a series of qualifying elements (often of ques-
tionable value) is placed between the subject and verb, such that the 
subject gets lost and the verb is made to agree with a closely placed 
noun, as in: “The total value of all the products, including A, B, and 
C, were also calculated.” Reading the sentence without the qualifi-
ers helps one see that the subject, “value,” is singular and requires 
the singular verb, “was.” Second, the problem also occurs when a 
number with units is the subject of a sentence.  In this case, the verb 
should generally be singular, as in “Ten milliliters of A was added to B.”   
 Other common grammatical errors to look for include dou-
ble negatives, sentence fragments, pronouns without clear 
antecedents, capitalization and punctuation issues, and so on. 
There is no easy fix for these issues except to spend a little time 
to understand the principles and to edit, edit, and edit.    
 Dangling modifiers, generally participial but also prepositional 
and infinitive phases, are more problematic. Dangling modifiers 

are words or phrases that do not connect logically to a noun in a 
sentence. At the very least, they force the reader to assume some-
thing about what the author was trying to say. At worse, they result 
in head-scratching ambiguities. The problem occurs frequently in 
technical writing because of the tendency to write in an impersonal 
manner. Consider the participial phrase in the sentence, “The ion-
ization data was collected using mass spectrometry.” As there is 
no noun in the sentence capable of using spectrometry, no English 
instructor would accept this sentence as correct. Yet, you will find 
this construction every month in all three AOCS journals. Compare 
the sentence with “We collected ionization data using mass spec-
troscopy” or “Using a mass spectrometer, we collected ionization 
data.”  Grammatically, these sentences are fine, although many 
scientists would try to avoid the use of “we” in their writing. The 
solution to this dilemma is not to use this construction excessively. 
 The pretentiousness in the use of a personal pronoun can be 
toned down to a degree by burying the pronoun within the sentence, 
as in the second example above. Alternatively, the spectrometer 
can be made the subject of the sentence, as in “A mass spectrom-
eter was used to collect ionization data.” One could also consider 
substituting a preposition for the participle, i.e., “The ionization 
data was collected with a mass spectrometer,” which seems less 
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offensive. Much more could be said on this issue, but I’ll leave 
the topic with my one of my favorites borrowed from Schoen-
feld [1]: The rabbits were observed using binoculars.  My hope 
is that the rabbits also write better sentences.       

WORD MIsUsE
There are too many examples to cover in this article, but here 
are a few. “Since” and “while” have strong connotations to 
time but are frequently used where “because” or “although” 
are better. “Unique” describe an absolute, so it is not possible 
for something to be very or more unique. Used correctly, the 
preposition “via” refers to a pathway, not a process. One can 
travel from A to C via B but not from A to C via a train. Nor can 
compounds be separated via chromatography. Avoid “and/or”, 
which Bernstein [2] calls “a verbal and mental monstrosity." 
Instead, consider whether “and” or “or” alone will do. If not, 
consider “A or B or both.”     
 Some words are closely related in meaning but not inter-
changeable, such as “fewer/less,” “may/might,” “continual/
continuous,” and “which/that.” Many technical writing guides 
have a section or appendix that discusses such word pairs and 
how to choose the correct word [3,4].

AbbREvIATIONs (AND AcRONyMs)
Although abbreviations are convenient shorthand tools for an 
author, they can be an annoyance for readers. Hence, authors 
should use these with care. Some abbreviations (DNA, NMR, 
NaOH, diam., e.g., and etc., and so on) can be used without 
definition. Generally, if it as an entry in the dictionary, you 
can use it without definition. Otherwise, abbreviations must 
be defined on first use and used consistently thereafter in 
the report. If an abbreviation is not used frequently, delete it. 
There is simply too little to gain for the reader, who has to store 
these extra bits of code in memory. Finally, use abbreviations 
sparingly. Overuse will make the document read as if it is in a 
different language.  Also, because the abstract and the report 
are different documents, abbreviations must be defined and 
used independently in each. 
   

WORDINEss
 Verbosity, which frequently results in ambiguous, poorly con-
structed, and convoluted sentences, is one of the biggest prob-
lems I see in submitted research reports. Big words, qualifiers, 
and long sentences sound grandiose, but can make work unread-
able. The most effective technical writing is clear, uncluttered, 
and precise. This does not mean that long sentences are neces-
sarily bad or poorly written, but that weak and imprecise writ-
ing is often characterized by wordiness. The English vocabulary 
is blessed with many words that can be used to convey subtle 
shades of meaning. Use the best word, but if a choice exists 
between a big and a small word, use the small word.  
 Superfluous words tend to weaken the words that surround 
them. Use adjectives only when they are needed for clarity, 
and be sparing with adverbs.  Every “clearly,” “very,” “quite,” 
“fairly,” “effectively,” and “relatively” in your draft should be 
viewed with suspicion. “Clearly” deserves special mention, as 
it is often used to gloss over points that may not be clear at all. 
While on the topic of adverbs, I’ll mention the split infinitive. 
In line with the above discussion, this potential grammatical 
problem can often be solved simply by omitting the adverb. At 
times, however, the adverb does contribute something, and it 
may not be easy to reposition the modifier within the sentence 
to produce the same effect.  Hence, sometimes it is better to 
accept the construction rather than generate an awkward sen-
tence. Just keep this practice to a minimum. 
 Use nouns that evoke images, and verbs that evoke actions. 
Many nouns, such as “factor,” “component,” “approach,” and 
(one of my pet peeves) “efficiency,” do not evoke images.  
Although all of these words have their place, they are frequently 
used by writers having trouble saying what they mean. Pay 
attention to nouns that are derived from verbs, such as “mea-
surement,” “establishment,” and “formation.” They often force 
writers to use a weak verb, such as “resulted” or “produced,” 
and prepositional fillers, all of which weaken sentences.  Com-
pare for example “The separation of A and B was effected by 
the addition of C” with “A was separated from B by adding C.” 
On the topic of verbs, the active voice is preferable because it 
is shorter and stronger. The passive voice is often necessary, 
but it is frequently overworked in technical writing.  
 Many meaningless phases creep into scientific writing. 
Introductory elements such as “It is important to note that …” 
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or “It should be stated that …” add nothing and should be deleted 
in all instances. Notice these examples start with the pronoun 
“it,” but what the pronoun actually refers to is not clear. Be sure 
that every “it” in your document is attached unambiguously to 
an antecedent. The same goes for “this” when it is used as a 
pronoun. Similarly, many common phases can be shortened. 
Instead of “a considerable number of,” substitute “many.” Con-
sider replacing “based on the fact that,” with “because.” Many 
books on technical writing [2,4] include tables of weak expres-
sions to avoid. Finally, paragraphs frequently start with wasted 
sentences. “The data are in Table 2,” says very little.  Alternatives 
include “Table 2 shows that A increased proportionately with B” 
or consider “A increased proportionately with B (Table 2).” 

cOMpARIsONs
Comparisons cause a lot of difficulty in technical writing. When 
an introductory phase is used as part of a comparison, it should 
refer to the subject of the sentence, as in: “Unlike A and B, C was 
reactive.” Be sure that you are comparing equivalent things. For 
example, “The UV absorbance bands of A were sharper than those 
[meaning the absorbance bands] of B.” Do not place words in 
between idioms, such as “different from” or “similar to”. Note 
that there is a difference between “compared to,” which is used 
to note similarities, and “compared with,’” which is used to note 
differences. My advice regarding comparisons is to write out the 
full comparison in the first draft then see what can be left out or 
shortened without loss of clarity during editing.  

TEcHNIcAl sTylE IssUEs
 Although science writing should focus on clarity and is benefited 
by simplicity, there is a style associated with chemical publica-
tions. Journal conventions often exist for the naming of com-
pounds, for expressing numbers and units of measure (e.g., 20 
mL/sec or 20 ml/s or 20 mL s-1, etc.), for describing mixtures (e.g., 
methanol/acetone 10:1 v/v), for hyphenation of chemical pre-
fixes, for the use of en dashes to combine equal elements (e.g., 
Michaelis−Menton), etc.  These issues all form parts of the style 
of chemistry-based reports, but are often afterthoughts in manu-
script submissions  Some guidance may be found in the journal’s 
Instruction for Authors but often this will not cover all issues. A 
good general guide for these conventions is The ACS Style Guide 
(2006) [5]. Although AOCS journals differ on a few points from 
the recommendations given in this book, the differences are 
minor. Following this guide and you will be almost perfect. The 
editors will be thankful and will happily worry about the rest.
Admittedly, scientific writing is not an easy process. The subject 
matter conveyed is often complex and full of subtle distinction and 
trying to relate this to others can be taxing. Few writers generate 
concise sentences at the first draft; good writing results from edit-
ing and then more editing. A couple of strategies, however, can 
help. First, let early drafts sit for a period of time. Problems that 

initially were invisible often become apparent. I usually cringe 
on reading my early drafts, and it spurs me to go back to editing. 
Do this as many times as necessary until you can read the report 
fresh and think it is perfect. Once you are at this point, give it 
to others to read. Find colleagues willing to be honest and yes 
even brutal. I’m always amazed at what others find that I should 
have identified. It can only help when the report is submitted to 
a journal for review.  
 Finally, help is available on many of the above points. Most 
journal publishers now provide on-line resources. The Springer 
Academy website, e.g., provides a series of writing tutorials. 
Additionally, many books are available on technical writing. I 
have cited several of these above and in the past two articles. In 
addition, I appreciate the book The Craft of Scientific Writing by 
Alley [6] for its chapters on being concise and forthright, and its 
discussions on strong and weak writing.  For the importance of 
punctuation, consider the book Eats, Shoots & Leaves by Truss 
[7].  
 I’ll conclude this series by saying there are many benefits 
to a well-written submission. Reviewers and editors are more 
likely to understand your paper if the report is easy to read, the 
review process will move much faster, and the audience will learn 
more from a well-organized and well-prepared report. Finally, 
a certain fraction of your target audience, the knowledgeable 
scientific writer, will be especially impressed if the report is well 
written. Because your accepted report will become part of the 
body of scientific knowledge, your well written article will likely 
impress scientists many years into the future.  

Michael K. Dowd is a chemical engineer at the US Department 
of Agriculture–Agricultural Research Service, and a senior asso-
ciate editor for the Journal	of	the	American	Oil	Chemist’	Society	
(JAOCS).	He can be contacted at Michael.Dowd@ARS.USDA.GOV. 
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Professional Pathways
PROFESSIONAL PATHWAYS

1. Why did you join AOcs?
AOCS constitutes an excellent body representing the interests of 
the fats, oils, and detergent industries. Joining AOCS helps me to 
keep in touch with the latest trends and developments in these 
industries and also allows me to interact with professionals who 
attend the AOCS meetings.

2.   please describe your career path.
After obtaining my master’s degree in plant biochemistry from 
GB Pant University in India, I came to Australia, where I obtained 
my Ph.D. in plant biochemistry from the University of Adelaide in 
1985. My Ph.D. research was focused on the role plant lipids play 
in hormone perception, and I had a desire to skill up in molecu-
lar biology. This led me to move to the University of Queensland, 
where I was a postdoctoral fellow in molecular oncology for five 
years. In 1990, I joined CSIRO Agriculture in Canberra where I initi-
ated research in the molecular biology of plant fatty acid synthesis. 
I now head up a 30-strong Plant Oil Engineering Group applying 
molecular biology of fatty acid synthesis and metabolic engineer-
ing to manipulate fatty acid composition to produce novel edible 
and industrial plant oils. 

3. What do you love about your job?
My assion is to excel in translational science. I like to use science 
to deliver practical impacts. I am very fortunate that my group is 
on track to deliver two new oilseed crops, super-high-oleic saf-
flower and long-chain omega-3 canola to the market with traits 
that will help to create new industries and work for the better-
ment of human health and the environment.

4.  How do you see biotechnology
research changing in the next  
five years?
I see the two emerging technologies of gene editing and synthetic 
biology having a profound influence on my field of plant biotech-
nology. Both these technologies are disruptive in nature and have 
the potential to create crops that will be able to meet the chal-
lenge of feeding, fueling, and clothing burgeoning populations in 
the face of global climate change that may not be conducive to 
current crops.

5.  Nature Biotechnology (NB)
recently named you as being among 
the most active translational  
scientists for patenting. Do you have 
any advice for others regarding the 
research-to-patent process?
Patenting is a key driver of innovation and translational research. 
Research and patenting can coexist. In fact, publication of research 
in peer-reviewed journals can underpin a patenting strategy. This 
is evidenced by the very high H-indices of translational research-
ers represented in the NB list of top 20 translational researchers 
for 2014. [The H index attempts to measure both the productiv-
ity and citation impact of the published body of work of a scien-
tist or scholar.]

6.  please describe memorable 
    job experiences. 
When you grapple with a sticky problem for days on end or you 
get an experimental result that does not make sense, the solution 
can present itself at the most unexpected moments such as in the 
middle of watching a movie. These eureka moments are my most 
memorable experiences in my job.

7.    please describe a course, 
seminar, book, mentor, or speaker 
that has inspired you in ways that 
have helped you advance your 
career.
Two great mentors in my life have been my boss, Dr. Allan Green, 
who hired me to set up the Plant Oil Engineering Group in CSIRO, 
and a Swedish lipid biochemistry guru. Both of them have instilled 
a great love for lipid science in me—something that has occupied 
me for the last 25 years.

Professional Pathways is a periodic Inform column in which AOCS  
members discuss their professional experiences and share advice with 

young professionals who are establishing their own  
careers in oils- and fats-related fields.
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8.  Do you have any advice for
young professionals who are trying 
to develop an effective network of 
other professionals?
Be part of professional societies. Attend and present talks/
posters at conferences. Both of these activities provide great 
access to researchers at the top of their game. Seek out men-
tors, as they can open up the doors to networks for you. 

9.  What are the opportunities for
advancement in your career/field 
and how can someone qualify for 
such advancements?
Bring your passion for science to your workplace. The path for 
innovation is not linear so don’t be afraid to fail as some of the 
biggest success in science and industry are built on failures. 

10.  What is your opinion about the
value of obtaining or possessing a 
graduate degree given a challeng-
ing global economy?
In this post-“omics” era, a graduate degree—preferably a 
multi-disciplinary one—is a must if you want to pursue your 
ideas and do translational science leading to practical impacts.

Surinder Singh was recently, 
named by Nature Biotechnology 
(NB) as No. 10 on that journal’s 
list of the top 20 translational 
researchers of 2014. The ranking is 
based on an examination of 2014’s 
most active scientists for patent-
ing, according to patent analytics 
firm IP Checkups. 
 Singh is based at CSIRO (Com-
monwealth Scientific and Industrial Research Organisa-
tion) Agriculture Canberra, where he is group leader of 
the CSIRO Plant Oil Engineering Group. His group, which 
is comprised of 30 research scientists, technicians, and 
doctoral students, uses “omics,” lipid biochemistry, and 
metabolic engineering to study the molecular biology 
of fatty acid and oil biosynthesis in plants as well as to 
apply this knowledge to improve and diversify oil-produc-
ing crops through metabolic engineering of oil composi-
tion and yield. Singh has also received the CSIRO Medal 
for Research Achievement for the development of DHA 
canola, the CSIRO Newton Turner Award, and the CSIRO 
“Go for Growth” Award for the development of the seed 
oils research group, among other awards.
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PROFESSIONAL ADVANCEMENT

•  Working with a headhunter can give you special access 
to confidential positions and opportunities.

•  Recruiters will go to bat for you, but you must present 
the honest facts upfront.

•  Working with a headhunter could mean facing constant 
rejection, but there’s no better way to land your  
dream job.

               patrick Ropella

career advice: how to  
find	and	work	with	
               a headhunter
Working with a headhunter can be the single most 
life-changing decision you make for the future of your 
career. During the 30-plus years I’ve worked in the 
executive	search	industry,	I’ve	seen	families	brought	
closer together, watched a single new hire create inno-
vations	that	changed	the	world	forever,	and	forged	
relationships	that	stood	the	test	of	time.	That	being	
said,	if	you	don’t	quite	fit	the	laser-focused	qualifica-
tions	the	headhunters	are	seeking	right	now,	they	may	
ignore your call. Perhaps they want someone in oleo-
gels	while	your	expertise	lies	elsewhere.	headhunters	
work for corporate clients, not for you. So, you may 
face	a	whole	lot	of	direct	rejection	when	you	reach	out	
to	them.	Still,	there’s	no	better	way	to	land	a	great	job	
than when a top-quality recruiter contact and quali-
fies	you.	This	article	offers	some	basic	guidelines	that	
will increase your odds of success should you choose 
to work with one.

Working with a headhunter can be the single most life-
changing decision you make for the future of your career. 
During the 30-plus years I’ve worked in the executive 
search industry, I’ve seen families brought closer together, 
watched a single new hire create innovations that changed 
the world forever, and forged relationships that stood 
the test of time. That being said, if you don’t quite fit the 
laser-focused qualifications the headhunters are seeking 
right now, they may ignore your call. Perhaps they want 
someone in oleogels while your expertise lies elsewhere. 
Headhunters work for corporate clients, not for you. So, 
you may face a whole lot of direct rejection when you 
reach out to them. Still, there’s no better way to land a 
great job than when a top-quality recruiter contact and 
qualifies you. This article offers some basic guidelines that 
will increase your odds of success should you choose to 
work with one.

HONEsTy pAys
Be real about your skills, experience and knowledge. Head-
hunters get paid to find people who bring specific skills 
and experience to the job. They don’t get paid to try out 
this man or that woman. If you lack the exact experience 
the headhunter is seeking, tell the truth. If you don’t, your 
shortcoming will inevitably become obvious, and you will 
never hear from that recruiter again. 
      A headhunter’s fees are substantial, because he is 
expected to find and develop a slate of highly qualified, 
well-screened candidates. His clients can clearly tell if a 
candidate has the specific experience sought, fits the com-
pensation range, and is motivated by the right reasons. 
Be ethical
      If a headhunter tells you about a job in soybean pro-
cessing that another headhunter already mentioned to 
you, you must tell the second one, “Thanks, but another 
headhunter already told me about that opportunity.” 
Same thing goes if you have already directly submitted 
your résumé for that same job to the company.
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HOW TO cHOOsE THE RIgHT 
HEADHUNTER 
 •  Any recruiter can source candidates from the Internet, 

but the best headhunters use the Sourcing, Marketing, 
Assessing, Recruiting, and Training (SMART) search sys-
tem and provide it to their clients.

 •  Study headhunters’ websites and biographies. Ask your-
self, “Will this relationship be a good fit based on person-
ality and the positions and the companies the recruiter 
works with?”

 •  Be open to exploratory interviews.
 •  Follow the headhunter’s lead if she says, “Although you’re 

not a perfect fit for this job, the client is open to people 
with your background in palm oils and edible fats.”

 •  Respond promptly if a headhunter requests more details. 
This makes his job easier and shows that you’re profes-
sional. (Your recruiter will go to bat for you, but he needs 
solid information to keep the client interested. The more 
specific the information, the better he can make you 
appear.)

     •  Listen carefully and ask questions when the recruiter 
offers interview preparation.

     •  Ask your headhunter about the process. How many phone 
or face-to-face interviews will there be? Are presenta-
tions required? What are the expectations and goals? 
The more details you have, the better equipped you are.

     •  Call the recruiter immediately after the interview to dis-
cuss the next step. Make your headhunter a partner in 
the process and you’ll gain more insight and improve 
your odds of success.

     •  Provide all computer database information so the head-
hunter will easily remember you when he gets new cli-
ents. Keywords should spell out your skills, abilities and 
experiences, products, industries, roles, languages, and 
so on.

     •  If you specialize in a specific industry or in a specific role, 
find headhunters who specialize in your area. Ask them 
what positions they recently filled.

    •  Generally, retained headhunters are more polished and 
respected than contingency recruiters; industry or func-
tional specialists are preferred over generalists.
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    •  You want a recruiter who is seasoned in the business of execu-
tive search. Anyone with fewer than five years of experience 
can be risky. Anyone with more than 10 years of experience 
is most likely a professional. The few with 25 years of experi-
ence will stand out. You will recognize their expertise when 
you visit their websites, speak to them on the phone, or meet 
them face-to-face. Request references for both the recruiter 
and the client. It’s a red flag if they lack references.

THE RIgHT FIT, THE RIgHT JOb
Always show headhunters that you are most interested in the 
right fit and that you value job satisfaction and career develop-
ment. The right fit is the alignment of skills, attitude, cultural fit, 
experience, and other requirements of the position. This mature 
approach will make the headhunter respect you and want to help 
you more. Here are more specific tactics.
 • Tell her where you will and won’t relocate.
 •  In setting salary expectations, realize that your current 

or past compensation, benefits, and experience may not 
apply to the position offered. Use current and past details 
as benchmarks, not as requirements.

 •  If you get a raise, more power to you! Still, consider the 
whole package: the role, the relationships, the location, 
and other factors. I often see people take less money just 
to get into more satisfying circumstances. Focus first on 
the right fit, and the total compensation will take care of 
itself.

 •  Help your headhunter by providing clear expectations. If 
you believe this position is the right fit for you, tell him 1. 
what salary you would reject,  2. what salary you would 
consider, and 3. what salary he can accept on your behalf. 
Don’t try to control the negotiations between the head-

hunter and your potential  employer. Your headhunter 
knows the employer’s compensation and benefits flexibil-
ity and the breaking point, as well as other candidate sta-
tuses that you don’t know. Partner with your headhunter, 
but let her drive the car.

 •  Consistently update your headhunter whenever you improve 
your resume, gain new experiences or skills, or change your 
contact information.

 •  The more a recruiter shows you what’s in line with your 
goals and aspirations, the more effort you should put into 
developing a long-term relationship.

 •  Good headhunters help you sharpen your technique for 
winning the job. Use the tools they give you for better 
results the next time you go for an interview.
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pROs AND cONs OF WORkINg  
WITH A HEADHUNTER 

Advantages
 •  When a headhunter presents you to a company, you’re 

much more likely to be noticed.
 •  If the hiring authority says, “I don’t see a perfect fit here,” 

your recruiter will address questions and sell you to get you 
an interview.

 •  If you’re on your own, you wouldn’t even know why you 
were rejected.

 •  A company willing to pay for a headhunter takes hiring seri-
ously and wants to make the right hire. It shows that the 
company is financially strong and committed to making this 
hire succeed.

 •  Often, headhunters help fill openings that are confiden-
tial or high priority; these openings are rarely found on job 
boards or in other recruiting venues.

 •  Headhunters can guide you through résumé and informa-
tion presentations, interview preparation, and negotiations.

 •  They do this over and over; they’re adept at improving the 
odds of your success.

Disadvantages
 •  As in most service industries, 80% of the people in the recruit-

ing business are apprentices who are learning and growing 
through the school of hard knocks. About 20% are masters 
with time-tested systems of excellence; they do 80% of the 
business, leaving 20% for the apprentices.

 •  You will need to spend considerable time to ensure that 
the headhunter understands your successes, talents and 
qualities. This time may seem wasted if you don’t get the 
job you wanted. But the truth is you probably would never 
have gotten as close to the job without them.

Patrick Ropella is Chairman and CEO of the Ropella Group, www.
Ropella.com, an international executive search, leadership transfor-
mation, and corporate consulting firm. He authored the book and 
web-based training program,	The	Right	hire—Mastering	the	Art	
of	SMART	Talent	Management, and his content has been featured 
in many trade magazines, business publications, and industry jour-
nals. Patrick regularly speaks at webinars, career fairs, and confer-
ences, and can be contacted at +1 850-983-4777. 
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