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Clean meat
Where’s the cow? Inform explores the potential and technological challenges of 
in vitro meat.
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In 1932, in a collection of essays entitled Thoughts 
and Adventures, British statesman Winston Churchill 
made a bold prediction: “Fifty years hence, we shall 
escape the absurdity of growing a whole chicken in 
order to eat the breast or wing, by growing these parts 
separately under a suitable medium.” Although this 
idea may still seem like science fiction, in recent years 
several companies have made great strides in devel-
oping lab-grown or “clean” meat. If the technology 
reaches its full potential, clean meat could help satisfy 
the planet’s growing demand for protein, and also 
provide benefits for the environment, animal welfare, 
and food safety.

By 2050, worldwide meat consumption will increase by 73%, accord-
ing to a 2011 United Nations Food and Agriculture Organization (FAO) 
report (http://tinyurl.com/FAO-livestock2). This surge is driven by the 
expanding world population, as well as by increased meat consumption 
in developing countries. The livestock sector already consumes about 
70% of global agricultural land, divided between animal grazing and feed 
crops (FAO, 2009, http://tinyurl.com/FAO-livestock1). Thus, under the 

• Clean meat—also known as lab-grown, 
in vitro, or cultured meat—is meat that 
is grown in cell culture, rather than in 
an animal’s body.

• Potential benefits of clean meat 
include sustainability, environmental 
friendliness, animal welfare, food 
safety, and novel foods.

• Technological challenges include scaling 
up the production process, reducing 
cost, optimizing serum-free culture 
media, producing structured meats, and 
adding fat.

• Consumer acceptance of clean meat is 
still uncertain.

Clean meat

Laura Cassiday

Credit: David Parry/PA Wire
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current system of livestock production, not enough land will 
be available to satisfy the growing demand for meat, and meat 
will become a scarce, expensive luxury item.

An obvious solution would be to substitute plant- or 
insect-based proteins for meat in the human diet. However, 
humans have consumed meat since the dawn of the species’ 
evolution (Larsen, C.S., J. Nutr. 133: 3893S-3897S), and meat is 
a rich component of numerous culinary traditions. Therefore, 
many people crave meat and find vegetarian diets difficult to 
follow. Vegetarian foods that mimic meat (e.g., veggie burgers 
and meatballs) have been introduced, but these products have 
so far failed to exactly replicate the complex flavor and tex-
tural profiles of real meat. Although many challenges still need 
to be overcome, clean meat may be a solution to the world’s 
looming protein shortage that allows people to maintain their 
dietary preferences.

FIRST BITES
Clean meat is meat that is grown in cell cul-
ture, rather than inside animals. Also known 
as cultured meat, in vitro meat, or lab-grown 
meat, “clean meat” is the term preferred by 
proponents because the meat is reportedly 
cleaner than meat from slaughtered animals 
in terms of both sanitation and environmen-
tal friendliness (Friedrich, B., http://tinyurl.
com/clean-meat, 2016). The term “clean” may 
also refer to the conscience of the consumer 
because no animals must be slaughtered to 
produce the meat. Instead, stem cells are 
removed from an animal by a harmless biopsy 
and then cultivated in vitro to form muscle 
fibers.

The in vitro cultivation of muscle fibers 
was reported as early as 1971, when a 
researcher grew guinea pig aortic smooth 
muscle in Petri dishes (Ross, R., http://dx.
doi.org/10.1083/jcb.50.1.172). In the 1990s, 
the US National Aeronautics and Space 
Administration (NASA) took interest in clean 
meat as a possible protein source for astro-
nauts during long space voyages. In 2002, 
a NASA-funded research project produced fish “filets” from 
goldfish skeletal muscle explants that were expanded in vitro 
(Benjaminson, M.A., et al., https://doi.org/10.1016/S0094-
5765(02)00033-4). The filets, which were fried and breaded, 
were judged by a food panel to resemble and smell like real 
fish filets, although US Food and Drug Administration regula-
tions prevented the panelists from actually tasting the experi-
mental food.

In 2004, the Dutch government began funding research 
on cultured meat. The project focused on three areas: stem 
cell biology, tissue engineering, and culture media. Although 
the grant ended in 2009, Maastricht University professor 
Mark Post continued his research on cultured meat, funded by 
Google co-founder Sergey Brin. On August 6, 2013, Post and 
his colleagues presented the first lab-grown burger at a news 

Post estimates that their cultured beef will likely be introduced 
to high-end restaurants and specialty stores in 3–4 years, and 
to supermarkets after another 2–3 years.

In March 2016, Memphis Meats, located in San Francisco, 
California, USA, unveiled the first lab-grown meatball, at a cost 
of $18,000 USD per pound. A year later, the company rolled 
out samples of clean chicken nuggets and duck à l’orange (Fig. 
2, page 8). By this time, the cost had dropped to $6,000 per 
pound. The company’s target launch for consumer products is 
2021, with limited distribution to high-end restaurants in 2019. 
Memphis Meats recently obtained $17 million in Series A fund-
ing from investors including Cargill and Bill Gates. The fund-
ing will be used to reduce manufacturing costs, quadruple the 
workforce, and accelerate throughput (Rousseau, O., http://
tinyurl.com/GMN-Cargill, 2017).

NOVEL PROTEINS

FIG. 1. The world’s first lab-grown hamburger, presented at a news conference in London in 
August 2013
Credit: David Parry/PA Wire

conference in London. The researchers produced the burger by 
removing stem cells from the shoulder muscle of a cow, grow-
ing them into thin strips of muscle in tissue culture flasks, and 
combining about 20,000 strips to make a burger. 

The lab-grown burger was seasoned and cooked in butter 
by a chef and tasted by Post, food writer Josh Schonwald, and 
food researcher Hanni Rützler (Fig. 1). “I know there is no fat 
in it, so I didn’t really know how juicy it would be, but there is 
quite some intense taste,” said Rützler. “It’s close to meat, it’s 
not that juicy, but the consistency is perfect. This is meat to 
me” (Hogenboom, M., http://tinyurl.com/bbc-meat, 2016). The 
cost to make the burger: €250,000 (about $330,000 USD). Post 
is now chief scientific officer of a Maastricht University spin-
off company called Mosa Meat (Maastricht, The Netherlands), 
which plans to scale up and commercialize the technology. 
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American food company Hampton Creek, 
headquartered in San Francisco, has also 
entered the clean meat scene. According to 
Eitan Fischer, director of cellular agriculture, 
the company expects their clean poultry to hit 
the market in late 2018, at a cost about 30% 
higher than conventional poultry. The com-
pany is building a platform for clean meat 
production that can be used for multiple spe-
cies and products. Hampton Creek is in talks 
to license its clean-meat technology to some 
of the world’s biggest meat companies, in an 
effort to radically scale up the technology for 
cost-efficient production (Rousseau, O., http://
tinyurl.com/GMN-hampton, 2017).

THE MEAT OF THE MATTER
Although each company has its own propri-
etary techniques for producing clean meat, 
the overall process is similar (Fig. 3). First, 
researchers remove starter cells from the ani-
mal by a harmless needle biopsy and prolifer-
ate them in vitro. The starting cell type could 
range from embryonic stem cells to fully dif-
ferentiated muscle cells. Although embryonic 
stem cells proliferate the most rapidly, they 
can be difficult to isolate and to direct toward 
differentiation into a specific cell type. On the 
other hand, fully developed muscle cells have 
already differentiated into the desired cell 
type, but they barely proliferate. Therefore, 
most companies are using satellite cells—adult 
stem cells that proliferate at an acceptable 
rate, but can differentiate only into skeletal 
muscle cells. Satellite cells, also known as myo-
satellites, are the cells responsible for muscle 
regeneration after an injury. 

After isolating the desired cell type, 
researchers place the cells in culture medium in 
a stir-tank bioreactor. The culture medium pro-
vides nutrients, salts, pH buffers, and growth 
factors that allow the cells to proliferate. 
Historically, fetal bovine serum, which is col-
lected from calf fetuses when a pregnant cow 
is slaughtered, has been widely used to culture 
mammalian cells. However, many biomedical 
companies have developed synthetic or plant-
based growth media to avoid ethical issues 
and problems with batch-to-batch consistency 
associated with fetal bovine serum. Clean meat 
companies are working to adapt these serum-
free formulations to their specific cell lines.

Satellite cells are anchorage-depen-
dent, meaning that they only grow when 
adhered to surfaces, and not in suspension. 
At an industrial scale, cells could be grown in 
25,000-L fermenter tanks on microcarrier  

FIG. 2. Clean poultry demonstrations from Memphis Meats: A) Southern fried 
chicken nuggets, and B) Duck à l’orange Credit: Memphis Meats

Cell  starter  
culture

Suspension  bioreactor  –
where  continuous  cell  
proliferation  happens.

Scaffolding  trays  for  maturation  
and  differentiation.

Batch  process  – 7  to  21  days.

Filter  and  
analyze  media;;  
add  nutrients  as  

needed

Final  product:  
thin  slabs  of  meat

©  2016  Good  Food  Institute.  All  rights  reserved.  

FIG. 3. A conception of how clean meat might be produced at the industrial scale  
Credit: The Good Food Institute

A
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beads, which would offer a large surface area, or in cell 
aggregates. Once the satellite cells reach sufficient numbers, 
researchers alter the culture conditions to cause the cells 
to differentiate into skeletal muscle cells. The cells fuse into 
myotubes and begin to express early skeletal muscle mark-
ers such as myoD, myogenin, and embryonic isoforms of 
myosin heavy chain (Post, M.J., http://dx.doi.org/10.1016/ 
j.meatsci.2012.04.008, 2012). 

Researchers must apply a mechanical stimulus to trig-
ger muscle protein synthesis and organization into contrac-
tile units. This can be accomplished by placing the cells on a 
collagen-based hydrogel. The muscle cells self-organize into 
tight fibers within the porous structure of the hydrogel, which 
creates tension in the fibers. Alternatively, Post’s lab found 
that by seeding muscle cells around a cylinder of gel, the cells 
formed a ring-shaped muscle fiber, which could then contract 
upon itself. Electrical stimulation may further increase muscle 
protein synthesis, but not enough to justify the energy input 
required for large-scale production. 

For a minced meat product such as hamburger, mature 
muscle fibers are harvested and assembled into the final prod-
uct. Structured products, such as a steak or chicken breast, 
present a much greater technical challenge. For this purpose, 

FIG. 4. A mind map demonstrating the primary elements needed for the large-scale production of clean meat Credit: The Good Food Institute
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cultured meat developers are adopting techniques from the 
tissue engineering field, which seeks to grow new tissues and 
organs for medical purposes. 

To produce structured meats, satellite cells must be 
seeded on a three-dimensional scaffold that periodically 
moves and stretches the developing muscle, simulating an 
animal’s body. The scaffold, which should be either edible or 
biodegradable, may consist of a collagen- or cellulose-like gel 
that is porous to allow the diffusion of medium. To grow large 
samples, a blood-vessel-like system may be needed to circu-
late nutrients and oxygen throughout the tissue. 3D printing 
or spun-fiber platforms could allow tight control over pore size 
and microstructures within the scaffold (Specht, L., and Lagally, 
C., http://tinyurl.com/GFI-clean-meat, 2017). Theoretically, fat 
cells or other cell types could be co-cultured with muscle cells 
in specific regions of the scaffold to produce, for example, mar-
bling in a steak.

The Good Food Institute, a nonprofit organization that 
promotes clean meat and plant-based alternatives to animal 
products, has produced a clean meat industry mind map that 
illustrates five key areas for advancement of the industry: cell 
lines, culture media, scaffolding and structuring, bioreactors, 
and supply chain distribution (Fig. 4).
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POTENTIAL BENEFITS OF CLEAN MEAT
Sustainability
Current methods of livestock production are relatively ineffi-
cient. The conversion rate of feed to animal protein is about 
15% for beef, 30% for pigs, and 60% for chickens (Post, M.J., 
http://dx.doi.org/10.1111/nyas.12569, 2014). For beef, 1.33 
kg of protein (i.e., 7 kg of grain containing 19% protein) must 
be fed to produce 200 g of protein in meat. In contrast, the 
scaled-up clean meat procedure requires an estimated 225 g 
of nutrients (amino acids, glucose, etc.) to produce the same 
200 g of protein. Thus, clean meat production is predicted to 
be about 6 times more efficient than conventional beef pro-
duction. Because stem cells multiply exponentially, a herd of 
about 150 cows would be sufficient to feed the entire world, 
versus the 1.5 billion cows currently on the planet (Post, M.J., 
http://dx.doi.org/10.1111/nyas.12569, 2014). Fresh samples of 
stem cells would be periodically removed from live cows and 
proliferated, since stem cells can become genetically unsta-
ble after many divisions. Several companies are exploring 
options for maintaining genetic stability so that animals can be 
removed entirely from the process.

However, not everybody is convinced that cattle can be so 
readily replaced. “Beef cattle play a role in a sustainable food 
system,” says Daren Williams, director of communications 
at the National Cattlemen’s Beef Association in Centennial, 
Colorado, USA. “Cattle consume distillers grains from eth-
anol production, sugar beet pulp, potato co-products, and 
plant waste such as carrot tops. If you take cattle out of the 
equation, you lose the ability to upcycle this plant material 
into high-quality protein. You also lose the animal byproducts 
that go into a wide variety of products—industrial, food, and 
pharmaceutical.”

When a cow is slaughtered for beef, the rest of the car-
cass does not go to waste. Some of the many byproducts 
include leather from the hide; soaps, cosmetics, personal care 
products, and tires from fats; pet food, fertilizer, and gelatin 
from horns, bones, hooves, and blood; and vaccines and pre-
scription medicines from organs and glands. “At this point, 
clean meat is still more theoretical than actual,” says Jessica 
Meisinger, director of scientific education and communi-
cation at the National Renderers Association in Alexandria, 
Virginia, USA. “However, if it became stunningly successful and 
replaced meat to a sizeable extent, then I imagine there’d be 
some impact on the volume that renderers receive. And then 
that would probably have an impact on the price of down-
stream products such as leather.”

Some companies are developing techniques to produce 
these downstream products without animals. For example, 
Geltor (San Leandro, California, USA) has developed a pro-
cess to produce gelatin with genetically engineered microor-
ganisms. And Modern Meadow (Nutley, New Jersey, USA) is 
using genetically engineered yeast to produce bovine collagen, 
which is assembled into fibers and then into sheets of leather 
that can be tanned, dyed, and finished.

“There are a lot of people looking at ways to provide a 
sustainable source of protein to feed a growing population,” 
says Williams. “Meanwhile, back at the ranch, we’re invest-

ing in how to produce beef more sustainably.” Williams notes 
that the National Cattlemen’s Beef Association is conducting a 
large research project on geographical differences in sustain-
ability. In some cases, land that is not suitable for crop produc-
tion is fine for grazing cattle. “We could upcycle this land into 
high-quality protein,” says Williams. “In vitro meat will not pro-
vide those benefits. There will likely be negative consequences 
of taking beef cattle out of the food system.”
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FIG. 5. An anticipatory LCA predicts that clean meat will require 
less land but more energy than conventional meat. The analy-
sis also predicts that clean meat will have more global warming 
potential than conventional poultry and pork, but less than beef. 
“Prior study” refers to the LCA conducted by Tuomisto and de 
Mattos in 2011.
Credit: Reprinted with permission from Mattick, C.S., et al., Environ. Sci. Technol. 49: 
11941–11949. Copyright 2015 American Chemical Society.
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Environmental benefits
Clean meat proponents claim that the technology will be much 
friendlier to the environment than conventional livestock pro-
duction. Currently, livestock raised for meat consumes about 
30% of global ice-free land and 8% of global freshwater, while 
producing 18% of global greenhouse gas emissions (Tuomisto, 
H.L., and de Mattos, M.J., http://dx.doi.org/10.1021/
es200130u, 2011). In 2011, researchers at the University of 
Oxford, in the UK, conducted a life cycle assessment (LCA) of 
the environmental impacts of large-scale cultured meat pro-
duction. The LCA analyzed the energy, land, and water require-
ments to produce a minced-meat type product. Because a 
large-scale production system for clean meat has not yet been 
reported, the LCA was based on a hypothetical system that 
used cyanobacteria hydrosylate as the source of nutrients and 
energy, supplemented with growth factors.

The researchers estimated that the production of 1,000 
kg of cultured meat would require 7–45% less energy, 99% 
less land, and 82–96% less water, depending on the species 
of meat, compared with the same mass of regular meat pro-
duced in Europe (Tuomisto, H.L., and de Mattos, M.J., http://
dx.doi.org/10.1021/es200130u, 2011). The greatest savings 
in energy, land, and water were predicted for cultured beef, 
and the least for cultured poultry. Cultured poultry actually 
required more energy to produce than conventional poul-
try, but less land and water. The researchers predicted that 
cultured meat would produce 78–96% fewer greenhouse gas 
emissions than regular meat.

A more recent LCA using different input parameters pre-
dicted that clean meat would require less land and water than 
conventional livestock, at the expense of more energy (Mattick, 
C.S., et al., http://dx.doi.org/10.1021/acs.est.5b01614, 2015) 
(Fig. 5). The global warming potential (based on greenhouse gas 
emissions) was higher for clean meat than for conventional poul-
try and pork, but lower than for beef. Instead of using cyano-
bacteria hydrosylate as the culture medium, this analysis used 
serum-free medium supplemented with soy hydrosylate. Also 
included in the 2015 LCA, but not in the 2011 analysis, were 
land, water, and energy requirements for basal medium pro-
duction, bioreactor cleaning by steam sterilization, a change of 
medium between the proliferation and differentiation phase, 
and the production facility.

Mattick and coworkers compare the emergence of clean 
meat to the Industrial Revolution, when automobiles burning 
fossil fuels replaced work done by horses eating hay (http://
dx.doi.org/10.1021/acs.est.5b01614, 2015). Similarly, clean 
meat production would substitute industrial processes, which 
require energy inputs, for the internal biological functions per-
formed by animals, such as digestion, respiration, and tem-
perature regulation. “As such, in vitro biomass cultivation 
could be viewed as a renewed wave of industrialization” with 
complex trade-offs, the researchers say.

The authors of both LCAs acknowledge that their stud-
ies suffer from large uncertainties because no large-scale clean 
meat facility currently exists. The analyses are conducted for a 
hypothetical facility using established cell culture techniques, 
but the technology for producing cultured meat is likely to 
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change rapidly. For example, one of the major energy inputs for 
the 2015 LCA was steam sterilization of the bioreactor tanks, 
which is performed in the biopharmaceutical industry. However, 
this type of sterilization may not be needed for food products—
cleaning with soap may be sufficient, or a sterile, biodegradable 
tank liner may someday be developed for this purpose.

Williams believes that it is too early to say whether clean 
meat will be more environmentally friendly than traditional 
livestock production. In contrast to the hypothetical nature 
of the clean meat LCAs, “we’ve done an LCA on every single 
input used to produce a pound of conventional beef, down to 
the HVAC costs and toilet paper used in the meat processing 
plant,” he says. “We know which areas we can improve.”

Animal welfare
Perhaps the clearest benefit of clean meat would be in the 
area of animal welfare. No longer would large numbers of 
animals need to be bred and raised, often in cramped, unsan-
itary conditions, and then slaughtered by procedures that 
may or may not be painful. Instead, a small number of com-
panion animals could be kept as living stem cell donors. The 
People for the Ethical Treatment of Animals (PETA) has sup-
ported clean meat, and in 2008 PETA offered a $1 million 
prize to the first company to bring lab-grown chicken meat to 
the market by 2012.

Clean meat would allow vegetarians who abstain from 
meat for ethical reasons to enjoy the flavor and texture of 
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meat without the guilt. However, Post says that vegetari-
anism is even better for the environment than clean meat. 
“Cultured meat is not intended for the vegetarian or vegan 
market. In fact, we would consider it unwanted if vegetarians 
and vegans start to eat meat as a result of our endeavors,” he 
says. “That would be the opposite trend of what we are try-
ing to achieve.”

Yet because the majority of people in the world are meat 
eaters, clean meat has the potential to drastically reduce 
the suffering of billions of common livestock animals such as 
cows, pigs, and chickens. In addition, most clean meat plat-
forms are designed to transfer to a variety of species, so less 
common specialty meats that cause particular animal suffer-
ing, such as whale meat or foie gras, could be humanely pro-
duced. A Japanese company called Integriculture, Inc., has 
been culturing chicken pancreas, liver, muscle, and intestinal 
cells for large-scale clean meat production. They anticipate a 
commercial launch of “clean foie gras” in 2021 or 2022 (Wan, 
L., http://tinyurl.com/clean-foie-gras, 2017). 

Food safety
Some experts believe that clean meat would be safer for human 
consumption than traditional meat. Food-borne pathogens 
such as Salmonella and E. coli are present in the intestinal tracts 
of livestock and can be transferred to meat during slaughter. 
Because clean meat is grown in a sterile bioreactor tank, con-
tamination with these and other pathogens can be prevented, 
or at least readily detected before the product goes to market. 
Clean meat may also reduce the incidence of emerging diseases 
such as avian and swine influenza and prion diseases, which 
have been associated with livestock farming (Post, M.J., http://
dx.doi.org/10.1016/j.meatsci.2012.04.008, 2012).

In addition, clean meat might help reduce the antibiotic 
resistance of pathogens that has resulted from the widespread 
use of antibiotics in livestock. Mosa Meat and Memphis Meats 
both claim that they do not require antibiotics because of their 
sterile lab processes; neither do they need growth-promoting 
hormones (Zaraska, M., http://tinyurl.com/WP-labmeat, 2016).

Novel foods
By altering cell culture conditions or types of cells, research-
ers could perhaps produce more healthful meats than those 
found in nature. Clean meat could be fortified with beneficial 
fatty acids, such as the omega-3s found in fatty cold-water fish. 
Saturated fats could be replaced with polyunsaturated fats. 
Theoretically, cells from different species could be combined 
to produce meat blends with new flavor, texture, and nutri-
tional profiles.

“Clean meat version 1.0 involves recapitulating as quickly as 
possible the products that consumers already know and love,” 
says Liz Specht, senior scientist at the Good Food Institute. “But 
for version 2.0, the question is, could we actually tailor the com-
position of these cells to make them, for example, healthier?” 
She notes that in some cases, simply adding fatty acids or their 
precursors to the culture medium may effectively seed meat 
cells with the desired fats. In other cases, researchers might 
need to genetically modify the metabolic pathways of cells to 
produce specific fatty acids or other nutrients. 

CLEAN MEAT CHALLENGES
Serum-free cell culture media
Many clean meat companies have prioritized finding synthetic or 
plant-based substitutes for cell culture media that contains fetal 
bovine serum, mainly because the serum will become obsolete 
if clean meat is successful in substantially reducing the slaugh-
ter of cattle. Other issues with fetal bovine serum are that its 
composition is poorly defined, and the quality can be inconsis-
tent. “It can be very hard to get large quantities of high-qual-
ity serum,” says Specht. “The other problem is that serum is 
designed to operate in the context of a living organism, where 
you need a balance of red lights and green lights to control cell 
growth. The advantage of serum-free media is that you can only 
put in the growth factors you want in your particular system, so 
you’re not hampered by all of the conflicting signals that come 
with this black-box mixture of growth factors from a calf.” 

For many cell types, serum-free culture media that con-
tain recombinant growth factors have already been developed. 
However, satellite cells require unusually high concentrations 
of serum for growth, so finding a non-animal substitute that 
works as well as serum has been challenging (Post, M.J., http://
dx.doi.org/10.1111/nyas.12569, 2014). Currently, serum-free 
media are more costly than media containing fetal bovine 
serum, which could hamper efforts to scale up clean meat pro-
duction. In the future, as serum becomes scarcer and recom-
binant growth factors are mass produced, serum-free media 
could become the less expensive alternative.

Both Hampton Creek and Memphis Meats claim to have 
developed viable alternatives to fetal bovine serum, but the 
companies are tight-lipped about proprietary details. Post 
says that his group has been reasonably successful in elimi-
nating serum from the culture medium, but they have not yet 
conducted a high-throughput analysis to optimize a synthetic 
formulation.

Scaling up and reducing cost
One of the biggest challenges for bringing clean meat to mar-
ket is transitioning from the lab scale to the industrial scale. 
Clean meat factories, or “carneries,” would likely resemble 
beer breweries, with giant tanks for growing meat similar to 
beer fermentation tanks. One run in a 20,000-L bioreactor 
would require about 1 month for all steps (cleaning, filling, 
sterilization, cell proliferation and differentiation, etc.) (van 
der Weele, C., and Tramper, J., http://dx.doi.org/10.1016/j.
tibtech.2014.04.009, 2014). Ten runs per year could supply the 
meat demand (10 kg per person per year) of about 2,560 peo-
ple, from a single bioreactor tank. Carneries may partner with 
existing meat companies that have an established infrastruc-
ture for packaging, distributing, and marketing meat.

Post’s 2013 burger was so expensive because the produc-
tion took place at a laboratory scale (Datar, I, and Luining, D., 
http://tinyurl.com/NH-cultured-meat, 2015). Through a pains-
taking process, skilled technicians produced tiny strands of 
beef in thousands of standard tissue culture flasks, which they 
then combined to make the burger. Post estimates that scal-
ing up the current technology would reduce the price of the  
€250,000 ($330,000 USD) burger produced in 2013 to about 
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€8.5 ($10 USD). With technological improvements, clean meat 
could eventually reach price parity with conventional meat.

“Everyone agrees that the cell culture media will be the 
main cost driver once clean meat production is at an industrial 
scale, so I did a pretty detailed cost analysis on the compo-
nents of the media,” says Specht. “It was surprisingly straight-
forward to get price parity with conventional meat, without 
hanging our hat on some kind of technological moonshot.” 
Simply obtaining bulk pricing for the basal components of syn-
thetic media, such as salts, sugars, amino acids, and lipids, 
would substantially reduce cost. “Those materials are pro-
duced in huge quantities for the food industry, so you can 
often find metric-ton pricing of those at food-grade quality.”

But the most expensive component of synthetic media 
is typically the growth factors, which are now produced and 
used in small quantities for bench and clinical applications. 
“Growth factors are costing 1 million dollars per gram or 
something absurd, but it’s a relatively straightforward scal-
ing issue to simply produce those in a recombinant production 
platform, in the same way that the DuPonts and Novozymes of 
the world are producing enormous quantities of food process-
ing enzymes,” says Specht.

Structured meats
Thus far, public demonstrations of clean meat have consisted 
of ground meat, sausages, nuggets, and Spam-like meat. 
Structured meats such as steaks and chicken breasts will 
require innovations in scaffolding, vascularization, and other 
aspects of tissue engineering. Hydrogel scaffolds could be engi-
neered to allow fine-tuning of stiffness, cell adherence, and the 
controlled release of growth factors (Specht, L., and Lagally, C., 
http://tinyurl.com/GFI-clean-meat, 2017). In this way, different 
cell types could be made to differentiate along defined regions, 
producing, for example, the marbling found in a steak or the 
flakiness of a fish filet.

According to Specht, clean meat will probably come to 
the market in phases: first, hybrids of clean meat with plant-
based meat; second, ground meat products such as nuggets 
and burgers; and third, structured meats such as steaks and 
chicken breasts.

Incorporating fat
Fat imparts flavor, aroma, and texture to meat. So far, clean 
meat prototypes have lacked fat. Many companies are trying 
to determine the best way to incorporate fat into clean meat. 
One option is to culture adipose-tissue-derived stem cells, 
which differentiate into adipocytes, either together with or 
separately from satellite cells. An Israeli company called Future 
Meat Technologies is taking a different approach—using mes-
enchymal stem cells, which can differentiate into both myo-
cytes and adipocytes, as the starting material (Watson, E., 
http://tinyurl.com/future-meat, 2017). Mesenchymal stem 
cells have the added benefit of being able to grow more rap-
idly, and in less expensive media, than satellite cells.

“Most of the companies are focusing on muscle cells at 
the moment because it’s much easier to optimize a system 

when you’ve only got one cell type there,” says Specht. “Also, 
certain types of intermediate stem cells almost default to adi-
pocytes just by adding certain fatty acids to the growth media, 
so it’s a bit easier than getting cells to differentiate into mus-
cle.” Specht notes that at the bench scale, researchers have 
demonstrated co-cultures of skeletal muscle with fat cells. 
However, companies may find it more efficient to incorporate 
plant-based fats into clean meat, she says.

Consumer acceptance
Even if the technological hurdles to clean meat commercializa-
tion are overcome, there is no guarantee that consumers will 
accept the products. Similar to genetically modified organisms 
(GMOs), clean meat may be considered by some to be “unnat-
ural” or a “Frankenfood.” However, cultured meat propo-
nents argue that current meat production systems are far from 
“natural.” 

In 2012, researchers analyzed the reactions and atti-
tudes toward clean meat of 179 meat consumers in Belgium, 
Portugal, and the United Kingdom (Verbeke, W., et al., http://
dx.doi.org/10.1016/j.meatsci.2014.11.013, 2015). Upon learn-
ing about clean meat and how it is produced, consumers’ 
immediate reactions were visceral, including disgust and fear. 
Many of the study participants viewed clean meat as unnatu-
ral and were concerned about the meat’s safety and health-
fulness. Although consumers were willing to admit that clean 
meat could have benefits at the global level (e.g., reducing 
world hunger or helping starving children in third-world coun-
tries), they saw little or no benefit to their own lives. The study 
participants also worried about the loss of culinary traditions, 
rural livelihoods, and the preservation of livestock. Some peo-
ple were concerned that pastures previously occupied by cows 
would be built upon, swallowing up open spaces and increas-
ing urban sprawl. “For our participants, cultured meat seemed 
to open a Pandora’s box of unknown societal, environmental, 
and technological evils,” the researchers say.

A 2016 survey of 673 US consumers revealed that about 
65% of respondents would be definitely or probably willing 
to try clean meat (Wilks, M., and Philips, C.J.C., http://dx.doi.
org/10.1371/journal.pone.0171904, 2017). Among the con-
sumers willing to try clean meat, about 33% would be likely to 
consumer it regularly, and only about 15% would pay more for 
clean meat than conventional meat.

Although clean meat promises many benefits, the pro-
duction process must be scaled up and refined to make clean 
meat marketable. Meanwhile, most ranchers are not exactly 
concerned about their lifestyle becoming obsolete. “In general, 
it’s not about us versus them, lab-grown meat replacing tra-
ditional meat; it’s about supplying enough protein to feed the 
world population,” says Williams. “Traditional meat, lab-grown 
meat, plant-based protein—we’ll need a lot more of every-
thing. But there’s a lot of work to be done to determine the 
viability and consumer acceptance of in vitro beef.”

Laura Cassiday is an associate editor of Inform at AOCS. She can 
be contacted at laura.cassiday@aocs.org.
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Plant-derived oils account for about 79% of 
edible oil consumption worldwide (Fasina, et 
al., 2008). Table 1 (page 16) summarizes some 
commonly used oils and fats. Recently, plant-
based eicosapentanenoic acid (EPA), docosa-
hexanenoic acid (DHA), and EPA plus DHA oils 
have drawn a great deal of attention in the food 
industry. But the oxidative stability and shelf life 
of such oils continues to be a challenge. 

FATTY ACID PROFILES AND MINOR 
COMPONENTS OF COMMONLY 
USED OILS AND FATS
The fatty acid profile of an oil or fat is the principal influence 
on oxidative stability. For instance, coconut oil is very oxida-
tively stable since it contains a very high level of lauric acid 
(Table 2, page 17). On the other hand, corn, soybean, and sun-
flower oils are less oxidatively stable than beef tallow, lard, and 
chicken fat (not chicken by-product fat), because these vege-
table oils contain high levels of linoleic acid (Table 2). In addi-
tion, corn, soybean, and sunflower oils may be less oxidatively 
stable than canola oil, if all of the oils contain similar levels of 
mixed tocopherols. High-oleic vegetable oils, such as high-oleic 

Oxidative stability  
        of oils  
     and fats

Min Hu

• The quality and oxidative stability of oils and 
fats have a big impact on the quality, oxidative 
stability, and shelf-life of foods containing them. 

• Thus, it is important for manufacturers of edible 
oils/fats and oils/fats-containing foods to control 
the lipid oxidation process so that such foods 
have an acceptable oxidative stability and shelf-
life over a specified period of storage time (Min 
Hu and Charlotte Jacobsen, 2016). 

• This article describes the fatty acid profiles and 
minor components of some commonly used oils 
and fats, evaluates four widely used methods 
used to assess the oxidative stability of oils 
and fats, and explains how natural antioxidant 
blends can be used to enhance oxidative 
stability.    

LIPID OXIDATION
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TABLE 1. Commonly used oils and fats

Name of oils and fats Characteristics or examples Main fatty acids

Commodity oils Soybean, canola, corn, sunflower, saf-
flower, coconut, palm, and olive oils

Different fatty acid profiles

Flaxseed and chia oils Oil-flax seed oil, fiber-flax seed oil ALA (α-linolenic acid, 53–69%)

Ahiflower oil Rich in SDA (stearidonic acid, 17–21%) 
and ALA (38–48%)

ALA and SDA (18:4)

SDA-rich soybean oil SDA (precursor of EPA)  SDA (22–26%)

High-oleic vegetable oils High-oleic soybean, canola, sunflower, 
and safflower oils

  >70% oleic acid

Animal fats Chicken and pork fat, beef tallow High-level oleic, stearic, and palmitic acid 

Fish oils Triglyceride-based EPA and DHA EPA and DHA

Krill oils Phospholipid-bound EPA and DHA EPA and DHA with astaxanthin

Algal oils Cohnii oil, DHA, EPA, and DHA+EPA-rich 
algal oil; high-oleic algal oil

DHA, EPA, or DHA+EPA-rich;
Oleic acid-rich

Yarrowia lipolytica oil GMO yeast, single-cell oil (SCO) EPA-rich, EPA/DHA-rich

Plant-based EPA, DHA, and EPA+DEA 
oils

DHA-rich canola oil, DHA/EPA-rich canola 
oil, DHA/EPA-rich camelina oil

DHA-rich, DHA-EPA-rich

Nut oils Walnut oil (60% 18:2); pecan, almond, 
and hazelnut oils (60–80% 18:1)

Oleic, linoleic, and linolenic acids

FIG.1. Fatty acid profiles of high-oleic vegetable oils
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soybean oil and olive oil, are much more oxidatively stable 
than commodity vegetable oils, since high-oleic vegetable oils 
contain very high levels of oleic acid (Fig.1). 

In contrast, fish and algal oils are very oxidatively unsta-
ble due to high concentrations of polyunsaturated fatty acid 
(PUFA), as seen in Table 1.

Iodine value is used in the fats and oils industry as a rough 
way to assess the oxidative stability of edible oils and fats. A 
higher iodine value indicates the presence of more double 
bonds in the fatty acids of vegetable oils. Thus, a vegetable oil 
with a higher iodine value will be less oxidatively stable than an 
oil with a lower iodine value. Figure 1 shows the oleic acid lev-
els and iodine values of various high-oleic vegetable oils. Based 
on these oleic levels and iodine values, we can conclude that 
high-oleic soybean oil is likely to be the most oxidatively stable, 
and high-oleic canola oil the least stable.

Unlike menhaden fish oil, Cohnii algal oil and Yarrowia oil 
contain very high levels of DHA and EPA, respectively (Table 
3, page 18). Interestingly, although the EPA plus DHA level in 
krill oil and menhaden oil are similar, krill oil is much more 
oxidatively stable than menhaden oil. This is because krill oil 
contains phospholipid-bound EPA plus DHA and a high level 
of astaxanthin, while fish oil contains triglyceride-based EPA 
and DHA. 

Minor components can also have a significant impact 
on the oxidative stability of vegetable oils—especially crude 
oils. Table 4 (page 18) outlines the minor components of 11 
crude fats and oils. Here, the minor components include 
phospholipids, sterols, cholesterols, mixed tocopherols, and 
tocotrienols.

Crude corn and soybean oil contain very high levels of 
mixed tocopherols as compared to crude canola oil, which 
makes the relative oxidative stability of such oils difficult to 
predict. Based on fatty acid profiles, canola oil (~60% oleic 
acid) should have better oxidative stability than corn oil (~60% 
linoleic acid). However, the shelf life of corn oil may actually be 
longer than that of canola oil, since the corn oil may contain 
a high level of mixed tocopherols (see OSI data of canola and 
corn oils in Table 5, page 19).



inform   February 2018, Vol. 29 (2)   •   17

TABLE 2. Fatty acid profiles of commonly used oils and fats. Data is partly drawn from Institute of Shortening and Edible Oils, 
Food Fats and Oils (www.iseo.org. Food Fats and Oils (2016), Download Food Fats and Oils publication, Tenth Ed., Table IX.) 

Name of oils
12:0

Lauric
14:0

Myristic
16:0

Palmitic

16:1
Palmi-
tolec

18:0
Stearic

18:1
Oleic

18:2
Linoleic

18:3
Linolenic

20:1
Gadoleic

Iodine 
value

Olive oil 13.0 1.0 3.0 71.0 10.0 1.0 1.0 76–90

Palm oil 0.3 1.0 45.0 0.3 4.0 40.0 10.0 0.2 76–88

Coconut oil 47.0 18.0 9.0 3.0 6.0 2.0 7–13

Peanut oil 11.0 0.1 2.0 48.0 32.0 2.0 84–102

Rice bran oil 0.4 20.0 0.3 1.4 39.0 37.0 1.0 0.5 92–109

Canola oil 0.1 4.1 0.3 2.0 62.0 22.0 10.0 1.5 100–115

Rapeseed oil 0.1 4.0 0.3 1.0 19.0 15.0 11.0 7.0 100–115

Corn oil 11.0 0.1 2.0 28.0 58.0 1.0 0.2 110–128

Soybean oil 0.1 11.0 0.1 4.0 24.0 54.0 7.0 0.2 125–138

Safflower oil 0.1 7.0 0.1 2.0 13.0 78.0 0.1 0.2 138–151

Sunflower oil 0.1 7.0 0.1 5.0 19.0 68.0 1.0 0.4 125–140

Lard 0.1 2.0 26.0 3.0 14.0 44.0 10.0 0.5 1.0 53–68

Chicken fat 0.2 1.0 23.0 7.0 6.0 42.6 19.0 1.3 65–75

Beef tallow 0.1 3.0 24.0 4.0 19.0 43.0 3.0 1.0 0.4 33–50
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In contrast, lard, chicken fat, and tallow contain very low 
levels of mixed tocopherols. Hence, adding mixed tocopherols 
to these animal fats would significantly increase their oxidative 
stability.   

METHODS USED TO ASSESS 
OXIDATIVE STABILITY 
There are a number of methods that may be used to evaluate 
the oxidative stability of oils and fats. Iodine value, inherent 
oxidative stability, oil stability index, hydroperoxide values  
(PV)/hexanal values obtained using the Schaal oven test, and 
sensory evaluation are widely used in the food industry. 

Iodine value (IV) is the mass of iodine in grams that is 
consumed by 100 g of the oil or fat. It is used to measure the 
degree of unsaturation. The higher the iodine value, the more 
double bonds are present in the oil or fat, and the more sus-
ceptible the oil or fat is to oxidation.

The inherent oxidative stability (IOS) uses the relative oxi-
dation rate to calculate stability ratings of individual fats and 
oils. The calculation involves multiplying the decimal fraction 
of each unsaturated fatty acid by its relative oxidation rate and 
then adding the results (Richard D. O’Brien, 2008). The relative 
oxidation rates of oleic, linoleic, and linolenic acid are 1, 12, 
and 25, respectively.

TABLE 4. Minor components of crude fats and oils. From Richard D O’Brien, Fats and Oils: Formulating and processing for 
applications, CRC Press, Boca Raton, Second Edition, 2004, p. 8. 

Fats and oils Phospholipids (%) Sterols (ppm) Cholesterol (ppm) Tocopherols (ppm) Tocotrienols (ppm)
Soybean 2.2 ± 1.0 2965 ± 1125 26 ± 7 1293 ± 300 86 ± 86

Canola 2.0 ± 1.0 8050 ± 3230 53 ± 27 692 ± 85

Corn 1.25 ± 0.25 15050 ± 7100 57 ± 38 1477 ± 183 355 ± 355

Sunflower 0.7 ± 0.2 3485 ± 1055 26 ± 18 738 ± 82 270 ± 270

Safflower 0.5 ± 0.1 2737 ± 278 7 ± 7 460 ± 230 15 ± 15

Peanut 0.35 ± 0.05 1878 ± 978 54 ± 54 482 ± 345 256 ± 216

Olive <0.1        100 <0.5 110 ± 40 89 ± 89

Palm 0.075 ± 0.025 2250 ± 250 16 ± 3 240 ± 60 560 ± 140

Tallow <0.07 1100 ± 300 1100 ± 300 2.7    

Lard <0.05 1150 ± 50 3500 ± 500 1.3

Chicken fat 2.7

TABLE 3. Fatty acid profile of oils with DHA, EPA and SDA (C18:4)

Fatty acid
profile

Fish oil
(menhaden)

Algal oil
(cohnii)

Yarrowia 
Single-cell oil Krill oil

SDA soybean oil
(stearidonic acid)

C12:0 + C14:0 9.0 31.6 0.5

C16:0 18.0 1.6 14.0 11.0

C16:1 13.0 0.5

C18:0 3.0 1.3 1.7 22.0 4.0

C18:1 11.5 6.8 2.0 16.0 15.0

C18:2 1.6 14.0 2.0 22.5

C18:3 1.6 0.4 2.4 17.0

C18:4 (SDA) 3.5 6.5 22.5 (26.2)

C20:1 1.6

C20:5(EPA) 15.7 1.9 51.0 17.4

C22:5 2.0 0.5 0.2 0.4

C22:6 (DHA) 11.2 41.0 1.0 9.5

Others 7.0
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The oil stability index (OSI) measures the increase in the 
conductivity of deionized water when oils or fats are heated 
at high temperature (usually 110°C) within an atmosphere 
of compressed air. The conductivity of the water increases 
because the oil and fat volatiles (volatile organic acids, such as 
formic acid) released during oxidation become trapped in the 
water. Consequently, this increase is related to oxidative stabil-
ity, and can be used as a rough measure to predict the length 
of time before an oil or fat goes rancid. 

In the Schaal oven test, a sample in a glass jar is usually 
stored in a forced draft oven at 63°C. PV and sensory mea-
sures are evaluated over storage time. The Schaal oven test is 
mainly suitable for bulk oils and fats, and is highly variable and 
tedious.  

The IV, IOS, and OSI values are used as a rough way to 
assess the oxidative stability of bulk oils and fats. The first two 
values are calculated, while OSI measurements are obtained 
by subjecting oils to high temperature. PV/hexanal values 
obtained with the Schaal oven test may be more valuable, 
because these are values for both primary (peroxide) and sec-
ondary (hexanal) oxidation products.

Although p-anisidine value is also used to assess the qual-
ity and oxidative stability of bulk oils and fats, this measure 
may not be as good as hexanal value. The principle of p-anisi-
dine value measurement is based on unsaturated aldehydes 
(principally 2-alkenals and 2,4-alkadienals), secondary oxida-
tion products in fats and oils reacting with p-anisidine in glacial 
acetic acid to form a yellowish product that absorbs at 350 nm. 
The anisidine reaction is neither quantitative nor specific, since 
all aldehydes react with p-anisidine although unsaturated alde-
hydes have higher color response than saturated.

In the Schaal oven test, PVs are usually measured during 
storage. However, PV alone may not accurately reflect the 
actual level of lipid oxidation in an oil or fat, because PV is only 
a measure of the primary oxidation product hydroperoxide. 
Low PVs can indicate that little oxidation has occurred, but PVs 
can also be low during active oxidation when hydroperoxides 
decompose to other products. This is because lipid oxidation 
involves complicated free radical chain reactions, in which pri-
mary and secondary oxidation products occur. Consequently, 
measuring PV and hexanal simultaneously during storage 
would provide more accurate information about the actual 
level of lipid oxidation in an oil or fat.   

Hydroperoxide and hexanal may evaporate during the 
higher temperature storage. Hence, to obtain more reliable 
data, the storage temperature may be decreased to 50°C, 

40°C, and 30°C. The disadvantage of using lower-temperature 
storage is the increased time required until oxidation and ran-
cidity occur. It is critical, therefore, to select appropriate meth-
ods to assess the oxidative stability and shelf life of oils and 
fats. Finally, a sensory description analysis is an important eval-
uation method employed by many companies, but it is chal-
lenging to do because it is expensive and time-consuming.  

Table 5 shows IOS values of 18 bulk oils and fats, matched 
with their calculated iodine values. Based on the IOS values of 
the selected oils and fats, coconut oil is the most oxidatively 
stable, while menhaden oil is the least.

Table 6 (page 20) highlights the OSI values of some com-
monly used fats and oils. Fish oil OSI data were obtained at 
80°C (due to fish oil being so susceptible to oxidation). OSI data 
of other fats and oils were obtained at 110°C. Most OSI data 
are expressed as a range, due to variations that arise from dif-
ferent processing conditions, technologies, and manufactur-
ers. Generally, more stable oils and fats will have a higher OSI 
value. Interestingly, the OSI values of chicken by-product fat 
are very low, which is different from the OSI data of chicken 
fat (data not shown). The data in Table 5 indicate that fish oil is 
the most oxidatively unstable, followed by commodity vegeta-
ble oils, sunflower, soybean, canola, corn oils, high-oleic canola 
oil, pork fat, palm oil, high-oleic soybean oil, and beef tallow. 
Partially hydrogenated soybean oils may be the most oxida-
tively stable, depending on the degree of hydrogenation.

WAYS TO INCREASE OXIDATIVE STABILITY 
Three basic approaches have been used to increase the oxida-
tive stability of oils and fats. These include: 1. optimizing pro-
cessing conditions, such as temperature, time, solvent type, 
and refining technologies; 2. modifying fatty acid profiles 
through hydrogenation, plant breeding, genetic engineering, 
and blending; and 3. adding antioxidants. 

Consumer distrust of synthetic ingredients and the 
demand for a “clean label” (Cassiday, L., Inform, September, 
2017, https://tinyurl.com/y8m8d3z7), has made it increasingly 
essential for food companies to select antioxidants that not 
only enhance oxidative stability, but will also be accepted by 
consumers as “natural.” Consequently, it has become increas-
ingly important to assess the efficacy of natural antioxidants. 

The OSI test described above can be used to assess the 
efficacy of antioxidants in bulk oils and fats. To obtain more 
accurate evaluation data, other tests such as PV and hexanal/
propanal measurement are needed. 

TABLE 5. Inherent oxidative stability (IOS) of commonly used bulk oils and fats, From Richard D O’Brien, Fats and Oils: 
Formulating and processing for applications, CRC Press, Boca Raton, Third Edition, 2008, p. 278.

Oil/fat Menhaden oil
Safflower 

oil
Sunflower 

oil
Soybean

oil
Corn

oil
Cotton

Seed oil Canola oil Peanut oil NuSun oil

IOS 32.9 8.0 7.1 7.1 6.5 5.8 4.5 3.7 3.7

Oil/fat
High-oleic

sunflower oil
Olive

oil
High-oleic

safflower oil Palm oil Lard Tallow Milk fat
Palm

kernel oil
Coconut

oil

IOS 1.7 1.6 1.6 1.5 1.5 0.8 0.7 0.4 0.2



20   •   inform   February 2018, Vol. 29 (2)   

In a recent OSI test conducted in our lab to evaluate the 
effectiveness of various natural antioxidants in bulk oils and 
fats, the synthetic antioxidants TBHQ and AP (ascorbyl palmi-
tate) were selected as positive controls, since TBHQ and AP are 
very efficacious in bulk oils and fats. The natural antioxidants 
evaluated were green tea extract (GTE), rosemary extract 
(RE), and mixed tocopherols (T). Temperatures of 80, 100, and 
110°C were chosen to evaluate fish oil, chicken by-product fat, 
and canola oil, respectively, since these fat and oils have differ-
ent oxidative stabilities. 

To enhance the oxidative stability of chicken by-product 
fat, 0.2% of different natural antioxidant blends were added 
to chicken by-product fat and compared with 0.01% TBHQ 
and 0.2% AP/T. The blend of GTE/RE/T performed very well, 
followed by the blend of GTE/RE and RE (Fig 2). The blend of 
GTE/RE/T was comparable to the blend of AP/T. However, 
0.01% TBHQ did not perform well in the chicken by-product 
fat compared to other natural antioxidant blends.

Figure 3 is a comparison of 0.4% of different natural anti-
oxidant blends, 0.4% of AP/T and 0.01% of TBHQ. The effi-
cacy of 0.4% blend of GTE/RE and 0.4% RE was better than or 
comparable to that of 0.01% TBHQ under the test conditions. 
However, 0.4% of AP/T and 0.4% of GTE/RE/T did not per-
form well, since both contain relatively high levels of mixed 

tocopherols, and canola oil also contains mixed tocopherols. 
In contrast, the mixed tocopherol level in chicken by-product 
fat is very low. This could be the reason why 0.4% of AP/T and 
0.4% of GTE/RE/T performed very well in chicken by-product 
fat.  

Fish oil is widely used in the food industry, but fish oil is 
easily oxidized. Hence, it is essential for product developers 
to select effective natural antioxidant blends to increase the 
oxidative stability of fish oil. Figure 4 indicates that the effi-
cacy of 0.5% GTE/RE/T was much better than that of 0.5% 
AP/T and 0.01% TBHQ. The efficacy of 0.5% GTE/RE was com-
parable to that of 0.01% TBHQ and close to that of 0.5% AP/T.   

There are a number of oils and fats that can be used in 
foods. The fatty acid profiles and minor components of the 
oils and fats are two major factors influencing the oxidative 
stability and shelf life of these oils and fats (Choe, E., Min, 
D.B., 2006). Iodine value, inherent oxidative stability, OSI 
value, PV, and hexanal/propanal are indicators of the oxida-
tive stability of bulk oils and fats. OSI can be used in the food 
industry to assess the oxidative stability of bulk oils and fats, 
but care should be taken when only using OSI data to draw 
a conclusion. Therefore, it is recommended that PV and hex-
anal/propanal and sensory data be used to more accurately 
evaluate the oxidative stability of oils and fats. Finally, it is 
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FIG. 2. Induction period of chicken by-product fat with and 
without antioxidants measured with OSI at 100°C

FIG. 3. Induction period of canola oil with and without 
antioxidants measured with OSI at 110°C

TABLE 6. OSI values of commonly used fats and oils

Fats/Oils OSI (hr.) at 110°C Fats/Oils OSI (hr.) at 110°C

Fish oil 0.5–2.5 h (at 80°C) High-oleic canola oil 12.0–18.0 h

Chicken (by-product) fat 2.5–4.0 h Pork fat (lard) 18.0 h

Sunflower oil 3.0–6.0 h Palm oil 20.0–30.0 h

Soybean oil 5.0–6.7 h High-oleic soybean oil 25.0–65.0 h

Canola oil 6.0–8.0 h Beef tallow 69.0 h

Corn oil 7.0–11.0 h (10–11) Partially hydrogenated soybean oil 20.0–85.0 h
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critical for food companies to select efficacious natural anti-
oxidants to increase the oxidative stability and shelf life of 
oils and fats and foods containing the oils and fats.    

Min Hu is a principal scientist at DuPont Nutrition and Health. 
He can be contacted at min.hu@dupont.com.

References
Min Hu and Charlotte Jacobsen, ed., Oxidative 
stability and shelf life of foods containing oils and fats 
(2016) AOCS Press and Elsevier, Introduction, xvii.

Institute of Shortening and Edible Oils, Food Fats and 
Oils, www.iseo.org/httpdocs/FoodFatsOils2016.pdf.

Fasina, O.O., Craig-Schmidt, M., Z. Colley, and H. 
Hallman, Prediction melting characteristics of 
vegetable oils form fatty acid composition, LWT Food 
Sci. Technol. 41: 1501–1505, 2008.

O’Brien, R.D., Fats and Oils: formulating and 
processing for applications, 3rd Ed. (2008) CRC Press, 
Boca Raton, p. 278. 

O’Brien, R.D., Fats and Oils: formulating and 
processing for applications, 2nd Ed. (2004) CRC Press, 
Boca Raton, p.8. 

Choe, E., Min, D.B., Mechanisms and factors for edible 
oil oxidation, Compr. Rev. Food Sci. Food Saf. 5: 169–
186, 2006.

 

6.6

19.62

45.7 45.78

18

26.82

0

5

10

15

20

25

30

35

40

45

50

Control 0.2% RE 0.2%
GTE/RE/T

0.2% AP/T 0.01%
TBHQ

0.2%
GTE/RE

Control 0.01%
TBHQ

0.4% RE 0.4%
GTE/RE/T

0.4% AP/T 0.4%
GTE/RE

Control 0.01%
TBHQ

0.5%
GTE/RE

0.5%
GTE/RE/T

0.5% RE 0.5%
AP/T

In
du

c�
on

 �
m

e 
(h

r)
In

du
c�

on
 �

m
e 

(h
r)

In
du

c�
on

 p
er

io
d 

(h
r)

6.8

13.1 13.2

10.3

9.3

14.1

0

2

4

6

8

10

12

14

16

18

2.6

13.68 13.45

22.75

12.63

14.9

0

5

10

15

20

25

FIG. 4. Induction Period of fish oil with and without antioxidants 
measured by OSI at 80°C
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Due to the benefits of omega-3 polyunsaturated fatty 
acids (PUFA)—especially long-chain PUFA such as 
eicosapentaenoic (EPA, C20:5n-3) and docosahexae-
noic (DHA, C22:6n-3) acids—the food industry has 
developed numerous omega-3 fortified food prod-
ucts (e.g., milk, bread, juice, energy bars) in the past 
decade. However, omega-3 PUFA are highly prone to 
oxidation, particularly when added to complex food 
matrices that contain trace levels of metals or other 
prooxidants. This considerably compromises the 
quality and shelf-life of the enriched foods. 

Omega-3 PUFA can be added to foods as neat oil or as delivery sys-
tems, such as emulsions and microencapsulates.  Nevertheless, previ-
ous studies from our research group indicated that delivery of omega-3 
lipids in the form of oil-in-water emulsions reduced the oxidative stabil-
ity of omega-3 PUFA in some products. Delivery of omega-3 PUFA in the 
form of microencapsulates generally improved the oxidative stability of 
the enriched product. Nonetheless, microencapsulates powders are less 
suitable for liquid or semi-liquid foods than emulsified omega-3 oils are 
due to mixing issues. Therefore, omega-3 delivery systems that are more 
oxidatively stable and easier to incorporate in the food matrix must be 
developed to provide high-quality fortified food products to consumers.

Electrohydrodynamic processes such as electrospinning and elec-
trospraying allow polymer solutions containing bioactive compounds to 
dry, which leads to nano-microencapsulates (e.g., nano-microfibers and 

Development  
     of novel omega-3  
nano-microdelivery systems 
  by electrohydrodynamic  
          processes 

Pedro J. García-Moreno, Ioannis S. Chronakis, and Charlotte Jacobsen

• Previous studies have shown that 
delivery of omega-3 lipids in the form 
of oil-in-water emulsions reduces the 
oxidative stability of omega-3 PUFA in 
some products.

• Delivery of omega-3 PUFA in the form 
of microencapsulates improves the 
oxidative stability of enriched products, 
but such powders present mixing issues 
in liquid or semi-liquid foods. 

• Theoretically, ultra-thin encapsulates 
should be easier to incorporate into 
food matrices. Therefore, our research 
group recently investigated the use 
of electrohydrodynamic processes 
for the production of omega-3 nano-
microdelivery systems. This article 
describes what we learned.
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nano-microcapsules, respectively). To produce encapsulates 
for food applications, polymer solutions must be composed of 
biopolymers (e.g., proteins and carbohydrates) or biocompat-
ible polymers (e.g., polyvinyl alcohol, PVA), and solvents must 
be food-grade (e.g., preferably water or alcohols). In electrohy-
drodynamic processes, a high-voltage electrostatic field is used 
to charge the surface of a solution droplet at the end of a cap-
illary tube. The resulting electrostatic repulsion forces cause 
the droplet to adopt a conical shape known as the Taylor cone. 
When the surface tension of the droplet is overcome by the 
electric field, a charged jet is ejected from the tip of the Taylor 
cone to a grounded collector. 

In electrospinning, the jet is stable due to sufficient poly-
mer chain entanglements; whereas in electrospraying, the jet 
is destabilized due to varicose instability, and fine-charged 
droplets are formed. On the way to the collector, the charged 
jet or droplets stretch immensely due to the dominant elec-
trostatic forces. As a consequence, solvent evaporates, and 
solidified fiber or particles deposit in the collector (Fig. 1), and 
encapsulation can be carried out at room or lower tempera-

ture. This is highly desirable when working with heat-sensitive 
compounds such as omega-3 PUFA, as it prevents oxidation of 
non-protected oil during drying—a key disadvantage during 
most commonly used technique of spray-drying. Moreover, 
electrospinning and electrospraying lead to nano-micro-
structures, which are considerably smaller than encapsulates 
obtained with conventional encapsulation techniques (e.g., 
spray-drying, co-acervation, and extrusion). Hence, disper-
sion in the food matrix of ultra-thin encapsulates should be 
less problematic, and the release of the bioactive compound 
should be favored due to the increase in specific surface area 
(Jacobsen, et al., 2018).

The potential of electrohydrodynamic processes for the 
encapsulation of omega-3 PUFA was first reported eight years 
ago (Torres-Giner, et al., 2010). This first work demonstrated 
the protection of DHA against oxidation by encapsulation in 
zein nano-microcapsules using electrospraying. The authors 
reported the production of nanocapsules (average diameter 
of 450 nm) interconnected with sub-micron fibers and with a 
theoretical DHA load of 33 wt.%. Similarly, subsequent works 
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FIG. 1. Schematic diagram of a) elestrospinning and b) electrospraying processes for the production of electrospun fibers and 
electrosprayed capsules loaded with omega-3 PUFA
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showed the enhanced oxidative stability of fish oil encapsu-
lated in zein ultra-thin fibers (average diameter 200–500 nm) 
by electrospinning (Moomand and Lim, 2014, 2015). 

Recently, the oxidative stability of fish oil entrapped in 
zein fibers was further improved by: i) the addition of ferulic 
acid as antioxidant (Yang, et al., 2017a), or ii) the production of 
co-axial fibers, where a shell layer of polyvinylpyrrolidone (a 
biocompatible polymer) was used to cover the core of the fiber 
composed of zein and fish oil (Yang, et al., 2017b). Nonetheless, 
it should be mentioned that the cost of zein is high for food 
applications. Furthermore, the production of zein nano-micro-
structures by electrohydrodynamic processing is troublesome 
due to the clogging of needles and fast evaporation of the 
alcohol-based solvents used. In addition, simulated digestion 
studies indicated that most of the fish oil encapsulated in zein 
nano-microstructures (from 55 to >75%) was released in the 
stomach because the zein was destabilized as a result of pep-
sin action (Moomand and Lim, 2015; Yang, et al., 2017b). This 
is not optimal since omega-3 PUFA should preferentially be 
released in the small intestine where absorption occurs.      

Alternatively, our work on this topic has focused on devel-
oping fish oil-loaded nano-microstructures using alternative 
biopolymers to zein, where only water is used as a solvent. 
First, we studied the encapsulation of fish oil in polyvinyl-al-
cohol (PVA, a biocompatible polymer) electrospun fibers by 
using whey protein as an emulsifier. The fibers had an average 
diameter of 170 nm, and most of the oil was entrapped within 
the polymer. However, these fibers were considerably oxi-
dized post-production (PV of 54.6 ± 9.3 meq/kg and a content 
of 1-penten-3-ol of 500,000 ng/g fiber) because the content 
of trace metals (e.g., Fe) in the PVA had a potential prooxidant 
effect (García-Moreno, et al., 2016). 

Secondly, we investigated the development of carbohy-
drate-based electrospun fibers loaded with fish oil. Oxidatively 
stable pullulan fibers (average diameter of 600–1100 nm, Fig. 
2) were obtained after production when the oil was added as 
neat oil and emulsified in the pullulan solution by mechani-
cal stirring in the presence of Tween20 (PV of 12.3 ± 0.9 meq 

O2/kg and a content of 1-penten-3-ol of 15.5 ± 5.1 ng/g fibers) 
(García-Moreno, et al., 2017a). Although the oxidative stabil-
ity during storage of these fibers was enhanced when using a 
combination of natural antioxidants such as δ-tocopherol (500 
ppm) and rosemary extract (500 ppm) (PV of 61.6 ± 4.3 meq 
O2/kg oil and a content of 1-penten-3-ol of 1589.4 ± 40.3 ng/g 
oil after 20 days of storage at 20°C) (García-Moreno, et al., 
2017b), it needs to be further improved. This can most likely be 
done by reducing the amount of surface oil, which accounted 
for 11.5% of the total oil.

The incorporation of fibers into food matrices is challeng-
ing because they are continuous in length, so our next stud-
ies focused on using electrospraying for the production of 
nano-microcapsules powders, which can be easily dispersed. 
We used combinations of whey protein, pullulan, and dextran 
or glucose syrup as biopolymers. Although these specific com-
binations allowed us to work at higher flowrates than previ-
ously reported in literature (0.007–0.010 mL/min vs. 0.003 mL/
min), the throughput of the electrospraying process was still 
very low. Thus, we partnered with Bioinicia S.L. to test-run the 
biopolymer solutions we had optimized on a laboratory scale 
in their pilot plant equipment (flowrates of 1.5–1.8 mL/min). 
Most of the capsules (ca. 70%) presented a diameter between 
1 and 3 mm (Fig. 3). The capsules presented high encapsulation 
efficiency (between 80 and 90%), and the oil was distributed 
as small droplets within the wall material. However, some oil 
droplets were very close or at the surface of the capsules. 

When comparing capsules produced with dextran or glu-
cose syrup, it was observed that glucose syrup capsules oxi-
dized to a lower degree—probably because of the relatively 
lower molecular weight of glucose syrup compared to dextran, 

FIG. 2. SEM image of pullulan electrospun fibers loaded with  
fish oil

FIG. 3. SEM image of dextran electrosprayed capsules loaded with 
fish oil
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which implies lower free-volume reducing oxygen diffusiv-
ity. Glucose syrup capsules with oil emulsified by rotor-stator 
emulsification had a PV <20 meq O2/kg oil and a content of 
1-penten-3-ol <800 ng/g oil after 21 days of storage (García-
Moreno, et al., 2018). This was a significant improvement com-
pared to the oxidative stability of pullulan fibers. Finally, we 
studied the oxidative stability of glucose syrup capsules with 
added natural antioxidants, the incorporation of the capsules 
into mayonnaise, and the stability of the fortified mayonnaise. 
We found that the addition of δ-tocopherol (500 ppm) and 
rosemary extract (500 ppm) improved the oxidative stabil-
ity of glucose syrup capsules during storage, as indicated by a 
significant reduction of secondary volatile oxidation products 
such as (E)-2-pentenal and nonanal (results not published). The 
capsules were successfully incorporated into low fat (40 wt.%) 
mayonnaise in which 2.5 wt.% of rapeseed oil was replaced 
by encapsulated fish oil. We obtained a fortified mayonnaise 
with good structural-functional properties (no creaming was 
observed during one month of storage at 25°C), and we are 
working on further improving the oxidative stability of the 
enriched mayonnaise during storage (results not published). 

Our studies demonstrated that electrohydrodynamic 
processing, which is scalable and cost-effective, is a promis-
ing encapsulation technique for the production of omega-3 
nano-microdelivery systems. However, practical application 
would require further industrial investment to develop equip-
ment that will allow increased throughput. Moreover, further 
research is required (e.g., co-axial process or use of biopoly-
mers which enhance oil entrapment) to obtain oxidatively 
stable nano-microstructures. Finally, the oxidative stability, 
texture, and sensory properties of foods enriched by the incor-
poration of omega-3 PUFA-loaded nano-microstructures must 
be further evaluated.

Pedro J. García-Moreno is a postdoc in the Research Group 
for Bioactives–Analysis and Application at the National Food 
Institute, Technical University of Denmark in Kongens Lyngby. 
His research is focused on the development of novel strategies 
to prevent oxidation of omega-3 PUFA, including emulsification, 
nano-microencapsulation, and use of antioxidants. He is also 
investigating the production of protein hydrolysates/peptides 
with functional properties, such as emulsifying and antioxidant 
activity. He can be contacted at pejeg@food.dtu.dk. 
 
Ioannis S. Chronakis is a professor with special responsibilities 
in the Research Group for Nano-Bio Science at the National 
Food Institute, Technical University of Denmark. His research 
is focused on the development and applications of highly 
functional nano-microstructures using electrohydrodynamic 
processing technologies. He can be contacted at  
ioach@food.dtu.dk.  
 
Charlotte Jacobsen is a full professor in the Research Group 
for Bioactives–Analysis and Application at the National Food 
Institute, Technical University of Denmark. Her research is 
focused on lipid oxidation in foods, feed and skin care products 
and new sources of lipids, antioxidants, pigments and proteins 
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Fighting fraud in olive oil quality, minimizing 3-MCPD and glycidol esters 
during palm oil processing, and emerging priorities for fats and oils research 
are only a few of the trending topics that will be discussed at the 2018 
AOCS Annual Meeting & Expo. The meeting, which will be held on May 
6–9 in Minneapolis, Minnesota, USA, is expected to host more than 1,400 
professionals representing over 40 countries from across the fats, oils, 
surfactants, lipids, and protein industries. Here are eight reasons you should 
attend this premier global science and business forum.

Eight reasons to attend  
    the 2018 AOCS Annual  
           Meeting & ExpoDan Klen

1|GET AHEAD OF THE LATEST 
TRENDS IN THE OILS, FATS, 

AND PROTEIN INDUSTRIES.
The Hot Topic Symposia are the place to hear leading industry 
researchers and innovators discuss critical, changing technol-
ogies and groundbreaking research affecting the oils, fats, and 
proteins industries. Attendees will learn how current trends 
will affect the future of their business, research, or both. Hot 
topics for this year include
• 3-MCPD and glycidol esters—What now?
• Bridging the gaps in a diverse workplace
• Olive oil: Innovative analytical strategies 

to guarantee quality and fight fraud; 
Focus on the advancements of 
the EU H2020 Project OLEUM

• Research and technology 
priorities for fats and oils 
from US government and 
industrial perspectives

• The role of medium-chain 
triglycerides and ketones 
throughout the lifespan

• Advancing plant 
proteins along the value 
chain: Challenges and 
opportunities  

• Healthy oils: The new 
functional ingredient

2|LEARN FROM AND ENGAGE 
WITH EXPERTS FROM 

ACROSS YOUR INDUSTRY.
Experts from industry, government, and academia will present 
on and discuss the latest technology and research addressing 
some of the most-pressing scientific and technological chal-
lenges. The technical program consists of over 650 presenta-
tions across 11 interest areas.

3|CREATE NEW 
CONNECTIONS AND 

RECONNECT WITH 
COLLEAGUES IN YOUR 

INTEREST AREA.
Starting with the President’s 
Welcome Reception and 
continuing through the con-
ference with lunches and 
happy hour receptions, 
the meeting offers plenty 
of opportunities to foster 
new professional connec-

tions. AOCS Divisions and 
Sections will hold networking 

events for delegates to discuss 
current issues in their specialty 

“Pulse crops will play 
an essential role in meeting the 

substantial gap in the global population’s 
need for dietary protein. As a result, a Hot Topic 
will be held at the 2018 AOCS Annual Meeting 
& Expo to highlight the emerging science and 

technologies under development to help address these 
needs. It will be a great venue for attendees to learn 
about the compelling opportunities to address one 
of the great challenges facing our industry and the 

consumers we serve.”
—PHIL KERR, President and Founder  

at SERIO Nutrition Solutions, LLC
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4|DISCOVER THE RIGHT 
PROFESSIONAL SUPPORT 

NETWORK FOR YOUR CAREER STAGE.
AOCS Student, Young Professional, and Professional 
Educator Common Interest Groups will host events 
during the meeting to connect professionals at similar 
career stages. Students can foster new professional 
connections by attending the speed networking session 
on Sunday. All the groups will host a business meeting 
at various times during the meeting. First-time attendees 
can learn about the leadership opportunities and resources 
their group has to offer. Current members can contribute their 
ideas for future programs and events.

ANNUAL MEETING

area and for delegates to connect with each other. Divisions 
will also hold session planning roundtables to start developing 
the 2019 technical program. All events are open to all dele-
gates, but some networking events require purchasing a ticket 
with registration so don’t delay registering.

AOCS member and former AOCS President, Steve Hill, conversing 
with a fellow attendee at a previous annual meeting.

Find your interest at the AOCS Annual Meeting
Analytical • Biotechnology • Edible applications technology • Health and nutrition • 

Industrial oil products • Lipid oxidation and quality • Phospholipid • Processing •  
Protein and co-products • Surfactants and detergents • Technology showcase

“The Annual Meeting 
has become the highlight of my 

professional year, partly because of 
the opportunity to meet with old friends 
and colleagues, but also because of the 

opportunities to learn more within the niche area 
that I work. Sometimes I learn about new materials, 
techniques, or concepts that can simplify or improve 

my own research. Even better are the times that I learn 
about progress in an area I’ve been pursuing myself, 

which either supports my project or makes me 
reconsider what I’m doing (as a scientist,  

either is good!).”
—RICK THEINER, Chair of the Annual Meeting 
Program Committee and Applied Technology 

Manager, I&I, Evonik Industries AG “As a graduate student, 
AOCS meetings provided me with 

a great platform to present my research 
and connect with professionals in industry 
and academia. The awards I received were 

not only motivating, but also boosted my resume 
which immensely aided my job search. Being a young 

professional now, I still enjoy attending the meetings as 
they help me build my network and stay up-to-date on 
research trends in the industry. I also thoroughly enjoy 

being a part of the Young Professional Common 
Interest Group and working closely with and 

meeting other young professionals.”
—TANU TOKLE, New Product Development  

Manager, Food Ingredients
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5|HEAR THE 2018 ISF KAUFMANN 
MEMORIAL LECTURESHIP SERIES 

SPEAKER, DR. KAZUO MIYASHITA.
AOCS is proud to host the 2018 ISF 
Lectureship Series at this year’s meeting on 
behalf of the ISF’s 25 member organiza-
tions. Dr. Kazuo Miyashita, a world-lead-
ing scientist with more than 30 years of 
research and educational experience in 
lipid chemistry and Professor at Hokkaido 
University, Japan, will give this year’s lecture. 
Dr. Miyashita will speak at the Welcome Plenary on Sunday. 
Since 1974, the International Society for Fat Research (ISF) has 
honored its founder, Hans P. Kaufmann, by holding a biannual 
lectureship series that features world-renowned researchers in 
the field of fats.

6|ACQUIRE NEW EXPERTISE BY 
ATTENDING A SHORT COURSE.

Do you need to learn how to address a specific challenge in 
your area of the oils and fats industry? Short courses at this 
year’s meeting will help you overcome challenges ranging from 
ensuring product quality of edible oils to scaling up mixing pro-
cesses. Short-course attendees are welcome at the meeting’s 
opening reception, even if they choose not to attend the full 
meeting. The five short courses being offered are
• Fundamentals of edible oil processing
• New techniques in edible oil processing and refinery 

optimization
• Mixing design: Scaling down so that scale-up is successful 
• Sensory evaluation techniques for oils and fats
• Functionality of oils and fats and their applications

7|SAMPLE THE LATEST PRODUCTS 
AND SERVICES AT THE EXPO. 

Leading corporate, government, and academic institutions 
will showcase their latest products and services at the AOCS 
Annual Meeting Expo. Over 80 companies from across the 
world are expected to attend. 

The Expo provides plenty of opportunity to learn how the latest 
products and services in your area of the fats, oils, surfactants, 
lipids, or protein industries may maximize your business process, 
products, or both.

8|ENJOY THE GRAND ROUNDS 
NATIONAL SCENIC BYWAY 

WITH AN AOCS-SPONSORED 5K.
Start off the third day of the meeting with a 5K Run/Walk 
through Loring Park, a fixture on the Grand Rounds National 
Scenic Byway. Participants can run or walk in a group or solo. 
The 5K Run/Walk is limited to 200 participants so don’t wait to 
sign up! For those not interested in the 5K, Minneapolis offers 
a number of museums and other sights to visit during your 
stay.

Whether you’re searching for a way to stay informed on 
the latest research and business trends, seeking to expand 
your professional network or both, the 2018 AOCS Annual 
Meeting & Expo provides a forum for building technical knowl-
edge and global connections within a dedicated scientific 
community. Register by February 23 at annualmeeting.aocs.
org/2018 to save up to US $200. See you in Minneapolis.

Dan Klen is a communication specialist at AOCS. He can be 
reached at dklen@aocs.org.

Enjoy Loring Park as part of 
the AOCS-sponsored 5K.
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Book Review: The Bad Food 
Bible by Aaron Carroll

Laura Cassiday

These days, we are bombarded with conflicting nutritional advice. Butter is bad—no, wait, it’s 
actually not. The cholesterol in eggs causes heart disease—or maybe it doesn’t. Even doctors and 
scientists—the so-called experts—do not always agree on nutritional recommendations. So it is 
little wonder that most people are confused about what they should and should not be eating. In 
his new book, The Bad Food Bible: How and Why to Eat Sinfully, Aaron Carroll dispels myths about 
some much-maligned foods and argues that completely cutting these foods from the diet—as 
some people advocate—could actually be harmful.

Olio is an Inform column that highlights research, issues, trends, and 
technologies of interest to the oils and fats community.

Carroll, a professor of pediatrics 
and director of the Center for Health 
Policy and Professionalism Research at 
Indiana University School of Medicine, 
notes that for decades health experts 
and nutritional guidelines have rec-
ommended reducing fat, meat, eggs, 
salt, and other tasty, yet supposedly 
“sinful,” foods in the diet. And for the 
most part, the public has complied. 
In the 1970s and 1980s, many peo-
ple made the switch from butter to 
margarine because of concerns about 
saturated fats (only to later learn that 
margarine contained the much-more-
harmful trans fats). Recent warnings 
that meat, especially red meat, causes 
cancer and heart disease have slashed 
meat consumption in the US from a 
high in the year 2000 to pre-1950s lev-
els in 2012. Yet despite these and other 
recommended changes, overall health 
has not improved, and the global inci-
dences of obestiy, type 2 diabetes, and cardiovascular disease 
continue to climb.

According to Carroll, the “dirty little secret of medi-
cal science” is that very few nutritional recommendations 

that doctors make are scientifi-
cally proven—they are simply “best 
guesses.” The root of the problem, he 
says, is that all reasearch is not equal. 
Carroll thoroughly and accessibly 
explains how to rate different forms of 
scientific evidence, from the anecdote 
(which usually has no scientific value), 
to the cohort study (which can identify 
correlation but not causation), to the 
randomized controlled trial (the only 
type of study that can establish causal-
ity). Carroll also discusses how system-
atic reviews and meta-analyses can 
provide more reliable information than 
single studies, how human studies are 
better than animal studies, and how 
real outcomes (such as heart attacks 
or death) are more informative than 
process measures (such as high blood 
pressure and cholesterol levels).

After providing readers with this 
toolkit, Carroll goes on to critically 

evaluate the case for and against 11 different foods. In a chap-
ter on butter, Carroll presents evidence from the Minnesota 
Coronary Experiment and the Sydney Diet Heart Study, two 
randomized controlled trials, that indicated replacing saturated 
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fats with unsaturated fats was not associated with a decreased 
risk of death—and in fact, may have even led to an increased 
risk of death in some groups. However, other studies point 
toward a reduced risk of coronary heart disease when unsatu-
rated fats are substituted for saturated fats. The science, says 
Carroll, is far from settled, despite what many health experts 
have proclaimed. In any case, reasonable amounts of butter as 
a spread, cooking fat, or seasoning are unlikely to pose a signif-
icant health risk.

Although meat is perhaps the most attacked food in 
recent decades, scientific evidence does not support the idea 
that eating meat will give you cancer or clog your arteries. 
According to Carroll, many researchers and health experts 
cherry pick evidence to bolster their belief that people should 
eat less meat. Others confuse association with causation, or 
inflate risks. For example, the World Heatlth Organization 
(WHO) International Agency for Research on Cancer ruled that 
processed meat “causes cancer” and that red meat is “prob-
ably carcinogenic.” Based on cohort studies, the WHO esti-
mated that consuming an extra serving of processed meat 
each day would increase your risk of colon cancer by 18%. 
However, this increase is in relative risk, which is always “big-
ger and scarier” than the increase in absolute risk. 

Carroll calculated that if he were to start eating three 
extra pieces of bacon every day for the next 30 years, his life-
time risk of colon cancer might go from 2.4% to 2.8%—an 
increase in relative risk of 18%, but in absolute risk of only 
0.4%. And this would hold true only if Carroll ate three pieces 
of bacon every single day for 30 years, which is highly unlikely. 
Occasional bacon consumption likely has no measureable 
effect on lifetime colon cancer risk, he says.

Likewise, Carroll exposes the scientific flaws in arguments 
that salt, gluten, eggs, genetically modified organisms (GMOs), 
and non-organic foods are generally harmful to health, and 
presents evidence that arbitrarily slashing these foods from 
the diet could have unintended negative consequences. 
Morevoer, he shows that some surprising foods, like alcohol 
and coffee, appear to have beneficial health effects when con-
sumed in moderation.

Carroll’s book impresses on the reader that much of our 
current health advice is based on flimsy or non-existent evi-
dence. Particularly interesting is the chapter on MSG (mono-
sodium glutamate), which details how a single anecdote in 
the New England Journal of Medicine in 1968 by a doctor who 
experienced some symptoms after eating at Chinese restau-
rants set off the anti-MSG hysteria, despite any evidence in 
humans of negative health effects. Artifical sweeteners such as 
saccharine and aspartame were demonized because rats fed 
massive doses of the sweeteners were more likley to develop 
bladder cancer. However, this type of rat was more suscepti-
ble to bladder cancer than humans when overloaded with any 
number of substances, including vitamin C. 

When Carroll revealed in a New York Times column that 
he allows his children to drink diet soda four or five times a 
week, he unleashed a firestorm of criticism. Apparently, the 
angry readers were more concerned that the beverage was 
diet than that it was soda. “When it comes to sugar and aritifi-
cal sweeteners, the evidence is as strong as can be: the former 
is much worse for you than the latter,” Carroll writes. Some 
cohort studies have indicated that diet soda consumption is 
associated with being overweight. Although the media often 
reported these studies as evidence that diet soda could cause 
you to gain weight, the opposite could just as easily be true: 
Being overweight might cause you to drink diet soda. In con-
trast, randomized controlled trials of diet soda have indicated 
that the diet beverages reduced weight, BMI, fat, and waist cir-
cumference compared with regular soda.

The overall theme of The Bad Food Bible is “all foods in mod-
eration.” Carroll states that he wants to help people understand 
that the foods they are most concerned about are not that dan-
gerous, and they should not let unfounded fears interfere with 
the enjoyment of their favorite foods. “When it comes to the 
foods we put in our bodies, the problem is overdoing it with spe-
cific foods, not enjoying any one food occasionally,” he writes.

Perhaps the most valuable aspect of the book is in teach-
ing consumers to critically evaluate nutritional and health 
claims, and not just jump on the latest anti-ingredient band-
wagon. Crucial to this skill is being able to evaluate the quality 
of scientific evidence, for which this book serves as a handy 
guide for the lay person and a refresher course for the scientist 
or physician. The Bad Food Bible also cautions that we cannot 
blindly believe everything we hear about dietary health, even 
from respected authorities such as scientists, government 
agencies, or the media.

Olio is produced by Inform’s associate editor, Laura Cassiday. She 
can be contacted at laura.cassiday@aocs.org.

Information
Carroll, Aaron. The Bad Food Bible: How and Why to 
Eat Sinfully. New York: Houghton Mifflin Publishing 
Company, 2017.

Aaron Carroll
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Lawrence Culleen and Camille Heyboer

More than local concerns
Regulatory Review is a regular column featuring updates on regulatory 

matters concerning oils- and fats-related industries.

Globally, active makers and distributors of com-
mercial and consumer products increasingly 
have to contend with “chemicals of concern” 
legislation in a handful of US states and even 
smaller localities. Ironically, local regulations in 
the United States might be doing more than 
international treaties, such as the Stockholm 
Convention, or national and regional laws and 
regulations, like TSCA (Toxic Substances Control 
Act) and REACH (Evaluation, Authorisation and 
Restriction of Chemicals) to force manufactur-
ers of commercial and retail consumer prod-
ucts to address product content issues.

State and local chemical laws in the United States differ 
between jurisdictions. Tracking and adapting to them presents 
a challenge for entities that use chemical substances to manu-
facture products that are marketed in numerous jurisdictions, 
even those who do not manufacture in the United States. This 
new burden is emerging at a time when US retailers are estab-
lishing and imposing increasingly complex standards for prod-
uct manufacturers.

EMERGING LEGAL LANDSCAPE
At the federal level, chemical substances are primarily regu-
lated by TSCA. The US Environmental Protection Agency (EPA), 
however, did not aggressively or effectively implement the 
statute, so efforts began nearly one decade ago to update it. 
This culminated in the sweeping amendments of June 2016 
that were called the Frank R Lautenberg Chemical Safety for 
the 21st Century Act, in honor of the late senator’s long-run-
ning efforts to amend TSCA.

However, the legislative process was slow and uncer-
tain. In the preceding decade, sporadic activity in Congress 
and activism by environmental and consumer interest groups 

had created a growing awareness of the potential presence of 
undesirable chemicals in products.

Several widely reported news stories concerning detec-
tion of lead in children’s toys had focused public concern on 
the issue. This prompted congressional action in the form of 
the 2008 amendments to the Consumer Product Safety Act 
(CPSA), which set new standards for lead in children’s products 
generally and for certain phthalates in children’s toys.

The 2008 presidential election, and President Obama’s 
and the EPA administrator’s commitment to enhancing chem-
ical safety, enthused environmental and consumer interest 
groups. As legislative efforts to amend TSCA languished and 
frustration grew, likeminded interest groups and activists in 
state legislatures increasingly began to collaborate. A handful 
of environmentally minded states created clearing houses for 
sharing information, including lists of specific chemical sub-
stances of concern.

Many of those states were keenly aware that the state of 
California (pursuant to Proposition 65) had already assembled 
a list of carcinogens and reproductive toxins, which is regularly 
updated through an administrative process. However, this only 
prompts warnings of potential hazards from exposures and 
does not generally impose quantitative limits on, or prohibit 
the presence of, a listed chemical in a commercial or consumer 
product.

Those states also began to develop and share their pro-
posals for legislation, in particular seeking to regulate or pro-
hibit products that contain certain identified substances. The 
states’ lists of chemicals of concern led quite quickly to legisla-
tion to control them.
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Perhaps adding fuel to the fire was the enormous atten-
tion given, during the final negotiations of the amended TSCA, 
to the appropriate terms for federal preemption of state 
actions seeking to regulate Legal www.chemicalwatch.com 
Global Business Briefing / November 2017 16 Legal chemicals. 
Arguably, that discussion served to increase consumer activ-
ists’ and environmental groups’ determination to call upon 
state legislatures to act.

INTERNATIONAL IMPACT
State legislation to regulate chemical substances has generally 
fallen into two categories:

• those laws banning the use of a chemical substance in a 
particular product or category of products; and

• those authorizing a state regulatory agency to create a 
list of “priority chemicals,” based on the state’s assess-
ment of their potential risk to human health and the 
environment.

While the former can create headaches for manufacturers 
and distributors of products targeted by such legislation—such 
as prohibitions on certain flame retardants in mattresses—the 
latter can create more compliance concerns for the industry as 
a whole.

Priority chemicals legislation often requires manufacturers 
of products incorporating listed chemicals to notify the state 
of their presence in their products. Whether the substances 
will be released from a product and the likelihood of exposure 
do not have to be considered.

In certain states, such notification can trigger a require-
ment for the manufacturer to conduct an “alternatives assess-
ment” to determine whether another substance—presumably 
presenting fewer potential environmental and/or health con-
cerns—could be substituted. Furthermore, some state regu-
latory agencies can add to state lists, potentially making the 
requirements even more difficult for overseas manufacturers 
to monitor.

To confound things further, several local jurisdictions in 
the United States have begun to develop their own regula-
tions. For example, in 2015, Albany County, New York, passed 
the Toxic Free Toys Act. This authorized the promulgation of 
regulations prohibiting the presence of certain chemical sub-
stances, including lead, cadmium and arsenic, over certain 
levels in surface coating and accessible substrate materials on 
children’s products.

Only following litigation by The Toy Association and other 
stakeholders, were the requirements amended to align with 
the relevant federal standards. The amended regulations went 
into effect on November 1, 2017. This Act and similar require-
ments proffered by other localities in the state of New York, 
demonstrate how stakeholders need to keep up with develop-
ments in chemicals regulation, even at local level.

EMERGING LOCAL TRENDS
In recent years, chemicals legislation introduced at state and 
local level has often focused on consumer products, and, even 
more specifically, on children’s products. For example, pro-
posed Massachusetts State Senate Bill (SB) 1175 prohibits the 

sale, offer or manufacture, distribution or importation of chil-
dren’s products containing antimony trioxide, hexabromocy-
clododecane or numerous other substances in concentrations 
greater than 1,000ppm for any component of the product.

State and local chemical laws in the United States differ 
between jurisdictions. Tracking and adapting to them presents 
a challenge for entities that use chemical substances to manu-
facture products.

Additionally, New York State is considering Assembly Bill 
(AB) 7950, which would require the Departments of State, 
Environmental Conservation and Health to regulate “chemi-
cals of high concern to children.” These are defined extremely 
broadly, as “any chemical that has been identified by a state, 
federal or international governmental entity on the basis of 
credible scientific evidence or reliable information” as:

• a carcinogen, reproductive or developmental toxicant, 
endocrine disruptor or asthmagen;

• persistent, bioaccumulative and toxic; or
• very persistent and very bioaccumulative.
Manufacturers would be required to report to that 

department if they make any children’s product containing a 
chemical of high concern to children. The department would 
maintain a list of such products and manufacturers would be 
required to inform retailers when a children’s product contains 
those chemicals.

Major US retailers, such as Walmart, are already pressing 
for the elimination of certain chemicals in products. If states 
eventually develop their own lists or a single state has an espe-
cially expansive list of chemicals of concern (Washington just 
increased its from 66 to 85 substances), retailers will soon take 
them up. A national distributor in the US can ill afford to take 
on the risk of selling a product throughout its channels that 
might contain a chemical that is unlawful, or identified as a risk 
to children or other users, in even a single state.
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CALIFORNIA’S ROLE
Of all of the state and local jurisdictions in the United States, 
California has developed the most comprehensive set of 
requirements concerning chemical substances and their pres-
ence in commercial and consumer products. This is of great 
interest to manufacturers and distributors, given the size of 
the market there.

The California Safer Consumer Products Regulations 
(SCPR) went into effect in October 2013. They require manu-
facturers to explore whether they can substitute the chemicals 
of concern they currently use in specific consumer products 
(defined as “priority products”) with chemicals that present a 
lower potential risk to public health and the environment.

The first priority product regulation went into effect in 
July, requiring manufacturers of children’s foam-padded sleep-
ing products containing tris (1,3-dichloro-2- propyl) phosphate 
(TDCPP) or tris (2-chloroethyl) phosphate (TCEP) to notify the 
California Department of Toxic Substances Control (DTSC) that 
they manufacture these products, and subsequently to pre-
pare an alternatives analysis. The DTSC has also identified a 
number of product categories from which it will choose addi-
tional priority products (see below).

INTERNATIONAL RELEVANCE
Manufacturers and marketers of commercial and consumer 
products that are distributed internationally have no choice 
but to keep informed about state and local legislation relating 
to chemicals, State and local chemical laws in the United States 
differ between jurisdictions. Tracking and adapting to them 
presents a challenge for entities that use chemical substances 
to manufacture products because they are subject to such leg-
islation even if they do not manufacture their products in the 
United States.

For example, Massachusetts SB 1175 specifically covers 
manufacturers of children’s products, as well as entities that 
offer products for sale “through any means including, but not 
limited to, remote offerings.” Similarly, the proposed New York 
legislation targeting chemicals of concern to children affects 
manufacturers, distributors, retailers and importers of chil-
dren’s products for sale there.

California’s first priority products regulation covers “any 
person who manufactures a product” that is subject to the 
regulation, or “any person that controls the manufacturing 
process for, or specifies the use of chemicals to be included in, 
the product”. Therefore, even designers who specify the use 
of TCDPP or TCEP in mattresses to comply with fire safety ordi-
nances in other states or elsewhere in the world might become 
subject to these regulations.

Moreover, while this program currently only covers chil-
dren’s foam-padded sleeping products, it is intended to, and 
probably will, expand to numerous others.

The initial priority products list already also includes spray 
polyurethane foam with unreacted methylene diphenyl diiso-
cyanates (MDI) and paint strippers containing methylene chlo-
ride (MeCl2); this latter category of product is also the subject 
of a proposed TSCA section 6(a) rule that would prohibit con-
sumer-use MeCl2 containing paint strippers.

As part of its 2015–17 priority products workplan, the 
DTSC has identified seven categories from which it intends to 
choose the next products, including beauty, personal care and 
hygiene products, household and office furnishings, and cloth-
ing. US retailers have no choice but to try to anticipate and 
perhaps begin to phase out or ultimately deselect products 
that are within the scope of California’s chemical safety and 
priority products designations.

The state is currently seeking suggestions from the public 
on categories of products to include for the 2018–2020 work-
plan. Environmental and consumer interest groups are active 
participants in the nomination process.

ACTIONS MAY RAMP UP
Despite the bipartisan nature of the 2016 TSCA amendments, 
the final language concerning federal preemption of state and 
federal laws fell far short of what would be needed to enable 
makers of internationally distributed products to assume there 
will be uniform standards in the US market. As noted above, 
the debate over preemption heightened the sensitivities of 
consumer activists and these concerns were exacerbated by 
the outcome of the 2016 presidential election.

The EPA’s actions to date, as well as its recently issued 
spring 2017 regulatory agenda (which reported that the agency 
intends to finalize the three TSCA section 6(a) regulations pro-
posed in the final days of the Obama administration), have 
done little to relieve this uncertainty.

Indeed, environmental groups swiftly challenged each 
of the regulations the EPA was required to issue under the 
amended statute to provide a framework for how the agency 
will proceed when identifying chemicals of concern and evalu-
ating the risks they may present.

State and local governments are also likely to remain wary 
of the Trump administration taking a less vigorous approach 
to regulating chemical substances under the June 2016 TSCA 
amendments than they would prefer. This is likely to be the 
basis for intensifying their efforts to regulate chemical sub-
stances in products. For instance, California is considering SB 
49, a law that would require the state to continue to enforce 
Obama-era air and water standards, among others, regardless 
of how such standards change at federal level.

We have entered an era where, ironically, major play-
ers on a global stage, which make countless products that are 
marketed internationally, now find they need to worry equally 
about standards set by international treaties and national reg-
ulatory agencies as the ordinances and regulations that are 
issued by some of the smallest of states and local jurisdictions 
in the United States that are striving to control the chemical 
content of commercial and consumer-use products.

Lawrence Culleen is a partner at in the environmental practice 
group at Arnold & Porter Kaye Scholer.  
 
Camille Heyboer, who also works in the environmental practice 
group at Arnold & Porter Kaye Scholer, provided assistance.  
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Leslie Kleiner

Since June 27, 2016, packaged foods in Chile must 
warn consumers when foods are high in sugars, 
calories, sodium, and saturated fats. This edict is 
referred to as the “Ley Semáforo” (stop sign) law, 
since it enforces the use of a stop sign for each 
ingredient that is “high-in.” For example, a cookie 
high in sugar, saturated fat, and calories, would 
have three stop signs to warn consumers of the 
obesity-related risks associated with consuming 
this product. Furthermore, the law protects chil-
dren and teenagers from marketing campaigns 
that entice them to eat such foods.

In June 2017, Latin America Update featured an interview with 
David Carré, general manager of SoluTec Ltda., and Paula Venegas, 
technical director at Blumos Ltda. in Santiago, Chile, about this new 
law. A year after implementation, I asked Carré and Venegas for 
an update about the impact the law has had on sales and product 
reformulation. 

Q: How has the Ley Semáforo affected bakery items in the 
Chilean market? Has there been much reformulation to 

achieve low saturated fat?
The biscuits category (sweet and savory) has been highly 

affected by implementation of this law. According to data from 
Euromonitor, sales of sweet biscuits (e.g., cookies) positioned as 
“healthy,” increased by 4.4% during 2016. Sweet biscuits with the 
warning labels required by Ley Semáforo, experienced a 1.2% 
decrease in sales during the same time period [1]. In terms of refor-
mulation, the focus was initially on sugar reduction, followed by 
saturated fats reduction.

Q: How has the Ley Semáforo affected the Chilean confection-
ery market? 

According to Euromonitor, by April 2017, retail sales volume in 
the chocolates category decreased by 8% [1]. This was surprising, as 
retailers and producers assumed that consumers were fully aware 
that chocolate was a high-sugar, high-saturated fat, and high-calories 
item, but would treat this category as a necessary indulgence and turn 
a blind eye to the labels. Instead, the presence of the three warning 
labels led consumers to perceive items in this category as “risky.”

Furthermore, at the time this data was collected, new seasonal 
chocolate confectionery items for Easter were coming onto the 
market. Since the law also regulates marketing to children younger 

Chile: A year into “stop sign” 
labeling 
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than 14 years old, the decrease in sales is also attributed to a 
decreased ability to market new launches to young children. 

Q:  Do you observe that companies invest in reformulation 
to reduce saturated fat, calories, and sugar all at once? 

Approximately 1,550 food products had been reformu-
lated a year after the introduction of Ley Semáforo. In our 
opinion, the main focus was sugar reduction (which leads to a 
large caloric reduction in the end product, as well). For exam-
ple, Coca Cola Andina Chile reduced sugars in over 100 stock 
keeping units (SKUs) [1]. In general, this focus on sugar reduc-
tion was probably due to how the law was implemented, since 
its first phase focused on sugars and had no strict limits on 
saturated fats and sodium. However, as the second and third 
phases of this law get fully implemented, we expect to see 
more compliance in all ingredient categories.

Q: Do consumers continue to purchase items that have 
the “stop” symbol? 

According to a study by GfK Adimark, slightly over a third 
of Chileans (36.5%) admits having modified their dietary food 
preferences and consumption based on the “stop signs” [2]. 
The analysis shows that the largest change (44.8%) was within 
females in the ABC1 stratification, between 65 and 74 years old. 
ABC1 is a socioeconomic status classification for middle class 
people who have partially, but not fully integrated into the elite. 

With respect to sales, Kantar World Panel shows that sales 
for products labeled with the stop signs fell by 3.6% during 
Q3 2016, compared to Q3 2015, when the law was not yet 
in place. Meanwhile, during Q3 2016, sales of imported food 
products without the stop sign warning labels went up 1.9%. 
Interestingly, for the same time period being compared (Q3 
2015 vs Q3 2016), margarine, sweet biscuits, and savory bis-
cuits sales fell by 9.9%, 7.6%, and 6.1%, respectively. In con-
trast, butter and ice cream sales during the same time period 
increased by 3.1% and 9.7%, respectively [2].

Q: What solutions are being implemented for sugar 
reduction? 

Many companies have and continue to explore ingredients 
that allow replacement or reduction of sugar; in this sense, 
both sweetness and bulking properties are of interest.  Sugar 
alcohols (polyols), and rare sugars (e.g., tagatose) are inter-

Latin America Update is produced by 
Leslie Kleiner, R&D Project Coordinator in 
Confectionery Applications at Roquette 
America, Geneva, Illinois, USA, and a 
contributing editor of Inform. She can be 
reached at LESLIE.KLEINER@roquette.com.

esting options with different functionalities, depending on 
the application. Furthermore, the increased usage of high-in-
tensity sweeteners has been an unintended effect of the Ley 
Semáforo, as Stevia and related products, as well as sucralose 
or other high-intensity sweeteners, are commonly used to 
improve the sweetness of bulking agents. Because of this, 
the Ministry of Health is currently evaluating the increased 
use of high-intensity sweeteners. In particular, the exposure 
of high-intensity sweeteners on children needs to be better 
understood, as it relates to the “Acceptable Daily Intake” (ADI). 

At this time there are no limits on the use of sugar alco-
hols in Chile. However, according to the country’s Code on Food 
Ingredients (Reglamento Sanitario de los Alimentos –RSA), the 
labels of products that include sugar alcohols must include a 
statement about the potential gastric distress effects of con-
suming such products above the accepted limits. This applies 
in particular to diet foods, which are defined as foods intended 
for weight control, and that substitute totally or partially for the 
consumption of regular foods (Article 519, RSA DS977). 
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PATENTS
Intravenous omega-3 fatty acid 
compositions and method of use
Lewis, M., US Army, US9675572, June 13, 2017
 The invention encompasses intravenous pharmaceutical com-
positions containing omega-3 fatty acids and methods of treating 
traumatic brain injury, traumatic spinal cord injury, and/or stroke 
using these pharmaceutical compositions.

Process for water wetting oil-wet 
surfaces 
Kurkal-Siebert, V., et al., BASF SE, US9689244, June 27, 2017
 Process for water-wetting oil-wet surfaces by applying an aque-
ous formulation comprising at least one wettability modifier which 
is a water-soluble ester of an alkoxylated saccharide to the oil-wet 
surface. The oil-wet surfaces may be any hydrophobic surfaces such 
as the rocks of subterranean oil-bearing formations.

Ultrasound-assisted continuous 
extraction for complete fragmentation 
of cocoa beans into fractions 
Madhavamenon, K.I., et al., Akay Flavours & Aromatics Pvt. Ltd., 
US9682112, June 20, 2017
 A process for the complete fractionation of cocoa beans with 
“zero waste” into various value-added ingredients, a composition 
having cocoa polyphones/procyanidins and soluble dietary fiber, 
and a water dispersible and sustained release formulation of cocoa 
polyphones with cocoa soluble dietary fiber capable of forming a 
colloidal dispersion of bioactive cocoa polyphones in gastric fluid.

Compositions comprising lecithin 
oils and NSAIDs for protecting the 
gastrointestinal tract and providing 
enhanced therapeutic activity 
Lichtenberger, L.M., The University of Texas System, US9687551, 
June 27, 2017
 A novel pharmaceutical composition is provided by which 
nonsteroidal anti-inflammatory drugs (NSAIDs) are added 
directly to phospholipid-containing oil such as lecithin oils or to a 
bio-compatible oil to which a phospholipid has been added to make 
an NSAID-containing formulation that possesses low gastroin-
testinal (GI) toxicity and enhanced therapeutic activity to treat 
or prevent inflammation, pain, fever, platelet aggregation, tissue 

ulcerations, and/or other tissue disorders. The composition of the 
invention is in the form of a non-aqueous solution, paste, suspen-
sion, dispersion, colloidal suspension, or in the form of an aque-
ous emulsion or microemulstion for internal, oral, direct or topical 
administration.

Oil quality using a microporous hollow 
fiber membrane 
Seibert, F., et al., The University of Texas System and Organic Fuels 
Algae Technologies, LLC, US9688921, June 27, 2017
 The present invention includes methods and systems for 
improving oil quality of a contaminated oil mixture by removing 
contaminants from a contaminated oil comprising the steps of: pre-
treating a membrane contactor system having a first and a second 
surface with an hydrophobic liquid, wherein the hydrophobic liquid 
is contacted to at least one of the first and second surfaces; obtain-
ing a contaminated oil that comprises oil and lipophobic contami-
nants; contacting the contaminated oil onto a first surface of one or 
more membrane contactors to coalesce the oil on the first surface; 
and collecting the coalesced oil from the contaminated oil on the 
second surface of the membrane contactor.

Multi-step separation process 
Kelliher, A., et al., BASF Pharma (Callanish) Ltd., US9694302,  
July 4, 2017
 The present invention provides a chromatographic separation 
process for recovering a polyunsaturated fatty acid (PUFA) prod-
uct from a feed mixture, which comprises: (a) purifying the feed 
mixture in a first chromatographic separation step using an eluent a 
mixture of water and a first organic solvent, to obtain an intermedi-
ate product; and (b) purifying the intermediate product in a second 
chromatographic separation step using as eluent a mixture of water 
and a second organic solvent, to obtain the PUFA product, wherein 
the second organic solvent is different from the first organic solvent 
and has a polarity index which differs from the polarity index of 
the first organic solvent by between 0.1 and 2.0, wherein the PUFA 
product is other than alpha-linolenic acid (ALA), gamma-linolenic 
acid (GLA), linoleic acid, an ALA mono- di- or triglyceride, a GLA 
mono- di- or triglyceride, a linoleic acid mono- di- or triglyceride, 
an ALA C1 -C4 alkyl ester, a GLA C1 -C4 alkyl ester or a linoleic 
acid C1 -C4 alkyl ester or a mixture thereof.

Methods and catalysts for green 
biodiesel production from unrefined 
low-grade feedstock 
Yung, K.F., et al., The Hong Kong Polytechnic University, 
US9694350, July 4, 2017
 This invention provides a catalyst comprising a new form of 
ZnFe2O4 spinel nanoparticles, and a method for preparing same. 
The catalyst is useful for catalyzing the esterification of fatty acids 
or transesterification of triglycerides, wherein the reaction rate and 
conversion can be enhanced by free fatty acids.
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Process for regenerating filter aid 
used in a winterization process 
Kemeny, Z., et al., Bunge Novenyolajipari Z Rtkoruen Mukodo 
Reszvenyt Rsas G, US9695383, July 4, 2017
 The present invention relates to a process for in situ regenera-
tion of spent filter aid including the steps of: a) circulating through 
a spent filter aid cake in a circulation loop a regenerating oil at a 
temperature of from 40°C to 100°C, in a regenerating oil/spent fil-
ter aid (v/w) ratio of from 0.3/1 to 12/1; b) removing the regener-
ating oil from the treated spent filter aid cake; and c) recovering the 
regenerated filter aid.

Process for producing a glyceride 
composition 
Schweitzer, E., et al., Loders Croklaan BV, US9695384, July 4, 2017
 A process for the production of a composition comprising 
1,3-dioleoyl-2-palmitoyl glyceride (OPO) comprises: providing 
one or more palm oil stearin fractions comprising tripalmitoyl 
glyceride and having an iodine value between about 18 and about 
40; interesterifying the one or more palm oil stearin fractions to 
form a randomly interesterified palm oil stearin; subjecting the 
randomly interesterified palm oil stearin to enzymic transester-
ification with oleic acid or a non-glyceride ester thereof using an 
enzyme having selectivity for the 1- and 3-positions of a glyceride; 
and separating palmitic acid or palmitic non-glyceride esters from 
the product obtained in (iii) to form a composition comprising 
OPO glyceride.

Preparation of soy protein isolate 
using calcium chloride extraction 
(“S703 cip”)  
Segall, K.I., et al., Burcon Nutrascience (MB) Corp., 20170711,  
July 11, 2017
 A soy protein product having a protein content of at least about 
60 wt percent (N×6.25) d.b., preferably an isolate having a protein 
content of at least about 90 wt percent (N×6.25) d.b., is formed by a 
procedure in which soy protein is extracted from a soy source mate-
rial using an aqueous calcium chloride solution at low pH, gener-
ally about 1.5 to about 5 and separating the resulting aqueous soy 
protein solution from residual soy protein source. The resulting 
clarified aqueous soy protein solution may be diluted and the pH 
adjusted within the range of 1.5–5.0. The solution may be concen-
trated by ultrafiltration, diafiltered, and then dried to provide the 
soy protein product. Alternatively, the concentrated and optionally 
diafiltered soy protein solution may be optionally adjusted in pH 
within the range of 1.5–7.0 then diluted into water to cause the for-
mation of a precipitate, separating the precipitate from the diluting 
water (supernatant) and drying the separated soy protein to form 
a soy protein product having a protein content of at least about 60 
wt percent (N×6.25) d.b., preferably a soy protein isolate having a 
protein content of at least about 90 wt percent (N×6.25) d.b. The 

supernatant may be processed to form soy protein products having 
a protein content of at least about 60 wt percent (N×6.25) d.b., pref-
erably a soy protein isolate having a protein content of at least 90 wt 
percent (N×6.25) d.b. Alternatively, the precipitate from the dilu-
tion step may be re-solubilized in the diluting water by adjustment 
of the pH to resolubilize the precipitate and form a protein solution. 
The soy protein solution may be concentrated while maintaining 
the ionic strength substantially constant by using a selective mem-
brane technique followed by optional diafiltration and drying. The 
soy protein product is soluble in acidic medium and produces trans-
parent, heat stable solutions and hence may be used for protein for-
tification of soft drinks and sports drinks.

Soy protein products of improved 
water-binding capacity  
Segall, K.I., et al., Burcon Nutrascience (MB) Corp., US9706788, 
July 18, 2017
 Soy protein products are provided which lack the characteris-
tic beany flavor of conventional soy protein isolates and can replace 
conventional isolates in various food products to provide food 
products having improved flavor.

Nutritional compositions with lipid 
globules with a core comprising 
vegetable lipids and a coating 
comprising phospholipids or polar lipids
Van Baalen A., et al., N.V. Nutricia, US9707240, July 18, 2017
 The present invention relates to a nutritional composition for 
infants and/or toddlers comprising a lipid component which has 
a large lipid globule size. The composition can be used to prevent 
obesity and/or improve body composition later in life.

Formulation, preparation, and use of 
a glycerol-based biofuel 
Estevez Co., et al., Institut Univ. de Ciencia I Tecnologia, SA, 
US9708560, July 18, 2017
 The present invention relates to a new biofuel formulation 
comprising: crude glycerol, glycerol formal, optionally at least one 
fatty acid glycerol formal ester and optionally at least one fatty acid 
methyl ester. The present invention also relates to a process for its 
preparation and its use for burning purposes.

Patent information was compiled by Scott 
Bloomer, a registered US patent agent and 
Director, Technical Services at AOCS. Contact  
him at scott.bloomer@aocs.org.
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AOCS Journals: 2017 Editor-in-Chief picks
Journal of the American Oil Chemists’ Society (JAOCS)
• Sustainable synthetic approaches for the preparation of plant oil-based 

thermosets, Llevot, A., https://doi.org/10.1007/s11746-016-2932-4
• Effect of fatty acid unsaturation on phytosteryl ester degradation, Raczyk, 

M., D. Kmiecik, and R. Przybylski, et al., https://doi.org/10.1007/
s11746-017-2979-x

• Biotechnological and novel approaches for designing structured lipids intended 
for infant nutrition, Şahin-Yeşilçubuk, N. and Akoh, C.C.,  
https://doi.org/10.1007/s11746-017-3013-z

• Genetic improvement of the fatty acid biosynthesis system to alter the ω-6/ω-3 
ratio in the soybean seed, Kulkarni, K.P., M. Kim, and J.T. Song,, et al.,  
https://doi.org/10.1007/s11746-017-3049-0

Lipids
• JAl-carnitine/simvastatin reduces lipoprotein (a) levels compared with 

simvastatin monotherapy: a randomized double-blind placebo-controlled 
study, Florentin, M., M.S. Elisaf, and C.V. Rizos, et al,  
https://doi.org/10.1007/s11745-016-4216-z

• Transcriptomic analysis of THP-1 macrophages exposed to lipoprotein hydrolysis 
products generated by lipoprotein lipase, Thyagarajan, N., J.D. Marshall, and 
A.T. Pickett, et al., https://doi.org/10.1007/s11745-017-4238-1

• Hydrolysis of phosphatidylcholine-isoprostanes (PtdCho-IP) by peripheral 
human group IIA, V, and X secretory phospholipases A2 (sPLA2), Kuksis, A. and 
W. Pruzanski,,https://doi.org/10.1007/s11745-017-4264-z

• AMPK prevents palmitic acid-induced apoptosis and lipid accumulation in 
cardiomyocytes, Adrian, L., M. Lenski, and K. Tödter, et al.,  
https://doi.org/10.1007/s11745-017-4285-7

Journal of Surfactants and Detergents (JSD)
• Effect of binary/ternary fatty acids ratio and glycerin on the phase behaviors 

of soap solutions, Li, F., M. Chen, and W.J. Zhang, https://doi.org/10.1007/
s11743-017-1927-y

• Optimized microemulsion systems for detergency of vegetable oils at low 
surfactant concentration and bath temperature, Attaphong, C. and D.A. 
Sabatini, https://doi.org/10.1007/s11743-017-1962-8

• How to attain ultralow interfacial tension and three-phase behavior with 
surfactant formulation for enhanced oil recovery: a review. Part 4: robustness 
of the optimum formulation zone through the insensibility to some variables 
and the occurrence of complex artifacts, Salager, J.L., R.E. Antón, and M.A. 
Arandia, et al., https://doi.org/10.1007/s11743-017-2000-6

• Surface tension and adsorption studies by drop profile analysis tensiometry, 
Kairaliyeva, T., E.V. Aksenenko, N. Mucic, A.V. Makievski, V.B. Fainerman, and 
R. Miller, https://doi.org/10.1007/s11743-017-2016-y
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EXTRACTS & 
DISTILLATES

Development of wheat bran oil 
concentrates rich in bioactives 
with antioxidant and hypolipidemic 
properties
Talawar, S.T., et al., J. Agric. Food Chem. 65: 9838–9848, 2017, 
https://doi.org/10.1021/acs.jafc.7b03440.
 Wheat bran, an abundant byproduct of the milling industry, 
comprises fat-soluble bioactives and fibers. In the present study, 
two concentrates were prepared from wheat bran oil (WBO) using 
silicic acid coupled with acetone (WBA) and hexane (WBH). WBA 
extract had enhanced color and viscosity and was enriched with 
fat-soluble bioactives (sterols, oryzanol-like compounds, tocoph-
erols, and carotenoids) as evidenced from NMR and other tech-
niques. In in vitro studies, WBA exhibited significant free radical 
scavenging activity, limited DNA and LDL oxidation, and inhibit-
ing HMG-CoA reductase and lipase activity better than WBH and 
WBO. Further, an in vivo study with WBA 2 or 3.5% containing 
high-fat diet ameliorated malonaldehyde (MDA) level, lipid profile, 
and antioxidant enzyme (SOD, catalase, GPx, and GR) activities in 
liver. A possible reason for this effect is downregulation of HMG-
CoA reductase expression with WBA. Thus, WBA has significant 
potential as an ingredient in health food formulations.

Tracking changes of 
hexabromocyclododecanes during 
the refining process in peanut, corn, 
and soybean oils
Zhang, P., et al., J. Agric. Food Chem. 65: 9880–9886, 2017,  
https://doi.org/10.1021/acs.jafc.7b03606
 Hexabromocyclododecanes (HBCDs) are harmful com-
pounds, which could be taken up by plants and occur in vegetable 
oils. In this study, we systematically tracked the changes of HBCDs 
during different refining processes in peanut, corn, and soybean 
oils in China. The refining processes were efficient at removing 
the concentrations of total HBCDs (∑HBCDs), although the lev-
els did increase for peanut and corn oils during the neutralization 
and bleaching steps. Quite significant reductions in the ∑HBCD 
concentrations were observed for soybean oils (71–100%) through 
refining. α-HBCD and ∑HBCD levels were significantly and posi-
tively correlated with the peroxidation value (PV), suggesting that 
PV might be an indicator reflecting the changes of α-HBCD and 

∑HBCDs during the oil-refining processes. HBCD intakes from 
vegetable oils represented a low concern for public health. The 
results might be helpful for quality and process control with a view 
to minimize the levels of HBCDs in vegetable oils.

Identification of lipid biomarkers to 
discriminate between the different 
production systems for asiago PDO 
cheese
Segato, S., et al., J. Agric. Food Chem. 65: 9887–9892, 2017,  
https://doi.org/10.1021/acs.jafc.7b03629.  
 The lipid fraction of Asiago Protected Designation of Origin 
(PDO) cheese was analyzed to identify specific biomarkers of its 
main production systems through a canonical discriminant analy-
sis. The three main production systems of the cheese were consid-
ered. Two were located in the upland (UL): pasture-based (P-UL) 
vs hay-based total mixed rations (H-UL). The third was located in 
the lowland (LL) and processed milk from cows fed maize silage-
based rations (maize silage lowland: MS-LL). The discriminant 
analysis selected nine fatty acids and vitamin A as lipid biomarkers 
useful to separate the three production systems. High contents of 
conjugated linoleic acids, anteiso-C15:0, and vitamin A were dis-
criminant factors for P-UL cheese. The separation between H-UL 
and MS-LL cheese was less marked with the former having the 
higher content of conjugated linoleic acids and some polyunsatu-
rated n-6 fatty acids and with the latter being identified by cyclo-
propane fatty acid and C9:0.

New by-products rich in bioactive 
substances from the olive oil mill 
processing
Romero, C., et al., J. Sci. Food Ag. 98: 225–230, 2018,  
https://doi.org/10.1002/jsfa.8460.
 Olive oil extraction generates a large amount of residue con-
sisting mainly of the pomace and leaves when using a two-phase 
centrifugation system. The aim of this study was to assess the con-
tent of phenolic and triterpene compounds in the by-products pro-
duced in Spanish olive oil mills. Olive pomace had concentrations 
of phenolic and triterpene substances lower than 2 and 3 g kg−1, 
respectively. The leaves contained a high concentration of these 
substances, although those collected from ground-picked olives 
had lost most of their phenolic compounds. Moreover, the sedi-
ment from the bottom of the olive oil storage tanks did not have a 
significant amount of these substances. By contrast, a new by-prod-
uct called olive pomace skin has been revealed as a very rich source 
of triterpenic acids, the content of which can reach up to 120 g kg−1 
in this waste product, maslinic acid comprising around 70% of total 
triterpenics. Among the by-products generated during extraction 
of olive oil, olive pomace skin has been discovered to be a very rich 
source of triterpenic acids, which can reach up to 120 g kg−1 of the 
waste. These results will contribute to the valorization of olive oil 
by-products.
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Algal supplementation of vegetarian 
eating patterns improves plasma 
and serum docosahexaenoic acid 
concentrations and omega-3 indices: 
a systematic literature review
Craddock, J.C., et al., J. Human Nutr. Dietetics 30: 693–699, 2017, 
https://doi.org/10.1111/jhn.12474.
 Vegetarians are likely to have lower intakes of preformed 
docosahexaenoic acid (DHA) than omnivorous populations who 
consume fish and animal products. As such, vegetarian popula-
tions have omega-3 indices up to 60% lower than those who con-
sume marine products. Algae, the primary producer of DHA in the 
marine food chain, offer an alternative source of DHA for those 
who do not consume marine or animal products. This systematic 
review aims to examine the evidence for the relationship between 
supplementation with algal forms of DHA and increased DHA con-
centrations in vegetarian populations.The SCOPUS, Science Direct 
and Web of Science scientific databases were searched to identify 
relevant studies assessing the effect of algal DHA consumption by 
vegetarian (including vegan) populations. Four randomized con-
trolled trials and two prospective cohort studies met the inclusion 
criteria. All included studies reported algal sources of DHA sig-
nificantly improve DHA concentrations (including plasma, serum, 
platelet, and red blood cell fractions), as well as omega-3 indices, in 

vegetarian populations. An evident time or dose response was not 
apparent given the small number of studies to date. Future stud-
ies should address long chain n-3 polyunsaturated fatty acid defi-
ciencies in vegetarian populations using algal DHA and explore 
the potential physiological and health improvements in these 
individuals.

Comprehensive lipidome-wide 
profiling reveals dynamic changes 
of tea lipids during manufacturing 
process of black tea
Li, J., et al., J. Agric. Food Chem. 65: 10131–10140, 2017,  
https://doi.org/10.1021/acs.jafc.7b03875.
 As important biomolecules in Camellia sinensis L., lipids 
undergo substantial changes during black tea manufacture, which 
is considered to contribute to tea sensory quality. However, limited 
by analytical capacity, detailed lipid composition and its dynamic 
changes during black tea manufacture remain unclear. Herein, we 
performed tea lipidome profiling using high resolution liquid chro-
matography coupled to mass spectrometry (LC-MS), which allows 
simultaneous and robust analysis of 192 individual lipid species in 
black tea, covering 17 (sub)classes. Furthermore, dynamic changes 
of tea lipids during black tea manufacture were investigated. 
Significant alterations of lipid pattern were revealed, involved with 
chlorophyll degradation, metabolic pathways of glycoglycerolipids, 
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and other extraplastidial membrane lipids. To our knowledge, this 
report presented most comprehensive coverage of lipid species in 
black tea. This study provides a global and in-depth metabolic map 
of tea lipidome during black tea manufacture.

Harmonizing lipidomics: NIST 
interlaboratory comparison exercise 
for lipidomics using SRM 1950–
metabolites in frozen human plasma
Bowden, J.A., et al., J. Lipid Res. 58: 2275–2288, 2017,  
https://doi.org/10.1194/jlr.M079012. 
 As the lipidomics field continues to advance, self-evaluation 
within the community is critical. Here, we performed an inter-
laboratory comparison exercise for lipidomics using Standard 
Reference Material (SRM) 1950–Metabolites in Frozen Human 
Plasma, a commercially available reference material. The interlabo-
ratory study comprised 31 diverse laboratories, with each labora-
tory using a different lipidomics workflow. A total of 1,527 unique 
lipids were measured across all laboratories and consensus location 
estimates and associated uncertainties were determined for 339 of 
these lipids measured at the sum composition level by five or more 
participating laboratories. These evaluated lipids detected in SRM 
1950 serve as community-wide benchmarks for intra- and interlab-
oratory quality control and method validation. These analyses were 
performed using nonstandardized laboratory-independent work-
flows. The consensus locations were also compared with a previous 
examination of SRM 1950 by the LIPID MAPS consortium. While 
the central theme of the interlaboratory study was to provide values 
to help harmonize lipids, lipid mediators, and precursor measure-
ments across the community, it was also initiated to stimulate a dis-
cussion regarding areas in need of improvement. 

Whales, lifespan, phospholipids, and 
cataracts
Borchman, D., et al., J. Lipid Res. 58: 2289–2298, 2017,  
https://doi.org/0.1194/jlr.M079368.
 This study addresses the question: why do rats get cataracts 
at 2 years, dogs at 8 years, and whales do not develop cataracts for 
200 years? Whale lens lipid phase transitions were compared with 
the phase transitions of other species that were recalculated. The 
major phospholipids of the whale lens were sphingolipids, mostly 
dihydrosphingomyelins with an average molar cholesterol/phos-
pholipid ratio of 10. There was a linear correlation between the per-
centage of lens sphingolipid and lens lipid hydrocarbon chain order 
until about 60% sphingolipid. The percentage of lens sphingolipid 
correlated with the lens lipid phase transition temperature. The 
lifespan of the bowhead whale was the longest of the species mea-
sured and the percentage of whale lens sphingolipid fit well in the 
correlation between the percentage of lens sphingolipid and lifes-
pan for many species. In conclusion, bowhead whale lens mem-
branes have a high sphingolipid content that confers resistance to 
oxidation, allowing these lenses to stay clear relatively longer than 
many other species. The strong correlation between sphingolipid 

and lifespan may form a basis for future studies, which are needed 
because correlations do not infer cause. One could hope that if 
human lenses could be made to have a lipid composition similar to 
whales, like the bowhead, humans would not develop age-related 
cataracts for over 100 years. 

Differential impact of the cheese 
matrix on the postprandial lipid 
response: a randomized, crossover, 
controlled trial
Drouin-Chartier, J.-P., et al., Am. J. Clin. Nutr. 106: 1358–1365, 
2017, https://doi.org/10.3945/ ajcn.117.165027. 
 In a simulated gastrointestinal environment, the cheese matrix 
modulates dairy fat digestion. However, to our knowledge, the 
impact of the cheese matrix on postprandial lipemia in humans 
has not yet been evaluated. In healthy subjects, we compared the 
impact of dairy fat provided from firm cheese, soft cream cheese, 
and butter on the postprandial response at 4 h and on the incre-
mental area under the curve (iAUC) of plasma triglycerides. Forty-
three healthy subjects were recruited to this randomized, crossover, 
controlled trial. In random order at intervals of 14 d and after a 
12-h fast, subjects ingested 33 g fat from a firm cheese (young 
cheddar), a soft cream cheese (cream cheese), or butter (control) 
incorporated into standardized meals that were matched for mac-
ronutrient content. Plasma concentrations of triglycerides were 
measured immediately before the meal and 2, 4, 6, and 8 h after the 
meal. Cheddar cheese, cream cheese, and butter induced similar 
increases in triglyceride concentrations at 4 h (change from base-
line: +59%, +59%, and +62%, respectively; P = 0.9). No difference 
in the triglyceride iAUC0–8 h (P-meal = 0.9) was observed between 
the 3 meals. However, at 2 h, the triglyceride response caused by 
the cream cheese (change from baseline: +44%) was significantly 
greater than that induced by butter (change from baseline: +24%; 
P = 0.002) and cheddar cheese (change from baseline: +16%; P = 
0.0004). At 6 h, the triglyceride response induced by cream cheese 
was significantly attenuated compared with that induced by ched-
dar cheese (change from baseline: +14% compared with +42%; P = 
0.0004). This study demonstrates that the cheese matrix modulates 
the impact of dairy fat on postprandial lipemia in healthy subjects. 

Lipids from the marine world: 
perspectives of an organic chemist
Rögnvaldsdottir, E.K., et al., Eur. J. Lipid Sci. Technol. 119: 1700166 
(1–12), 2017, https://doi.org/10.1002/ejlt.201700166.
 This report describes synthesis of novel structured triacylglyc-
erols (TAGs) and diacylglyceryl ethers (DAGEs) of the 1-O-alkyl-sn-
glycerol type constituting EPA and DHA as the sole fatty acids. One 
of two TAGs was comprised of a pure EPA located at the 1,3-posi-
tions with pure DHA at the 2-position and the other had it reversed 
with a pure DHA at the 1,3-positions and pure EPA at the 2-posi-
tions. The similarly structured DAGEs were derived from chimyl-, 
batyl-, and selachyl alcohols constituting pure EPA at their sn-3 
position with pure DHA at the sn-2 position as well as the opposite 
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composition with pure DHA at the sn-3 position and EPA at the sn-2 
position, the total of six such DAGE products. The syntheses of these 
compounds were brought about by a two-step chemoenzymatic pro-
cess involving a highly regioselective immobilized Candida antarc-
tica lipase to incorporate EPA or DHA activated as acetoxime esters 
exclusively into the 1,3-positions of glycerol and the sn-3 position of 
the 1-O-alkyl-sn-glycerols. The second PUFA acyl groups were subse-
quently introduced to the remaining 2-positions by EDCI coupling 
agent to accomplish the title compounds highly efficiently in very 
high to excellent yields (86–92%). 

Mass spectrometric approaches 
for the analysis of phytosterols in 
biological samples
Gachumi, G. and A. El-Aneed, J. Agric. Food Chem. 65: 10141–
10156, 2017, https://doi.org/ 10.1021/acs.jafc.7b03785.
 Plant sterols (phytosterols) are important structural com-
ponents of plant cellular membranes, and they play a major role 
during development and metabolism. They have health-associated 
benefits, especially in lowering blood cholesterol levels. Because of 
their many health claims, there is a growing interest in their anal-
ysis. Although various analytical strategies have been employed in 
analyzing phytosterols, chromatography linked to mass spectrom-
etry (MS) is superior due to its sensitivity. Furthermore, specificity 
and selectivity are enhanced by utilizing tandem mass spectrom-

etry (MS/MS). This article reviews the various mass spectromet-
ric strategies used for the analysis of phytosterols. It highlights the 
applications and limitations associated with each MS strategy in 
various sample matrixes such as plant, human, animal, food, and 
dietary supplements. GC-MS was historically the method of choice 
for analysis; however, the derivatization step rendered it tedious 
and time-consuming. On the other hand, liquid chromatography 
coupled to MS (LC-MS) simplifies the analysis. Many ionization 
techniques have been used, namely, electrospray ionization (ESI), 
atmospheric pressure chemical ionization (APCI), and atmo-
spheric pressure photoionization (APPI). APCI showed superiority 
in terms of ion intensity and consistency in ion formation, primar-
ily forming [M + H – H2O]+ ions rather than [M + H]+. In addi-
tion, matrix assisted laser desorption ionization (MALDI) as well 
as ambient mass spectrometry such as direct analysis in real time 
(DART) have also been evaluated.

Direct conversion of CO2 to α-farnesene 
using metabolically engineered 
Synechococcus elongatus PCC 7942
Lee, H.J., et al., J. Agric. Food Chem. 65: 10424–10428, 2017, 
https://doi.org/10.1021/acs.jafc.7b03625.
 Direct conversion of carbon dioxide (CO2) to value-added 
chemicals by engineering of cyanobacteria has received attention 
as a sustainable strategy in food and chemical industries. Herein, 
Synechococcus elongatus PCC 7942, a model cyanobacterium, was 
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engineered to produce α-farnesene from CO2. As a result of the lack 
of farnesene synthase (FS) activity in the wild-type cyanobacterium, 
we metabolically engineered S. elongatus PCC 7942 to express het-
erologous FS from either Norway spruce or apple fruit, resulting in 
detectable peaks of α-farnesene. To enhance α-farnesene production, 
an optimized methylerythritol phosphate (MEP) pathway was intro-
duced in the farnesene-producing strain to supply farnesyl diphos-
phate. Subsequent cyanobacterial culture with a dodecane overlay 
resulted in photosynthetic production of α-farnesene (4.6 ± 0.4 mg/L 
in 7 days) from CO2. To the best of our knowledge, this is the first 
report of the photosynthetic production of α-farnesene from CO2 in 
the unicellular cyanobacterium S. elongatus PCC 7942.

Antioxidative properties  
and interconversion of  
tert-butylhydroquinone and  
tert-butylquinone in soybean oils
Li, J., et al., J. Agric. Food Chem. 65: 10598–1060, 2017,  
https://doi.org/10.1021/acs.jafc.7b04517.
 During the process of antioxidation of tert-butylhydroqui-
none (TBHQ) in oil and fat systems, tert-butylquinone (TQ) can 
be formed, which has higher toxicity than TBHQ. The changes of 
TBHQ and TQ in edible oils at room temperature (RT) or under 
thermal treatment were investigated. Under thermal treatment, vola-
tilization was the main pathway of TBHQ loss in edible oils. TQ was 
the main oxidation product of TBHQ under thermal treatment as 
well as at RT. The amount of TQ in thermally treated oils was much 
less than that in oils stored at RT due to the decreased amount of 
oxygen dissolved in oils and easy volatilization of TQ at high tem-
perature. In addition, TQ can be reduced to TBHQ by reduction 
components in edible oils, but the conversion amount was very small. 
Thus, TQ , theoretically having no antioxidative property, presented 
a very weak antioxidative activity equivalent to that of BHA due to 
the presence of insignificant amount of TBHQ formed from TQ in 
edible oils. The narrow potential difference of 0.059 between oxida-
tion and reduction peaks of TBHQ and TQ resulted in easy intercon-
version of TBHQ and TQ under the action of common oxidation and 
reduction substances which have a higher oxidation potential or a 
lower reduction potential than they have.

Industrial Applications
Methoxy-functionalized 
mesostructured stable carbon 
catalysts for effective biodiesel 
production from non-edible feedstock
Teo, S.H., et al., Chem. Eng. J. (In Press), online November 2017, 
https://doi.org/10.1016/j.cej.2017.11.110
 The nano-architectured Ca(OCH3)2/AC catalyst was pre-
pared through hydrothermal process. In this work, the con-

trolled structural growth and morphology of nano-architectured 
Ca(OCH3)2/AC catalyst were reported and their conversion 
activity from non-edible oil source (crude jatropha oil) to bio-
diesel production was also evaluated in this study. Remarkable 
difference in catalytic activity for biodiesel production among 
these samples was observed. It shows that the catalytic prop-
erties of the hydrothermal synthesized catalyst was improved 
by exposing the catalytic active –OCH3 predominantly on the 
surface of catalyst. The 0.4-OMe/AC catalyst with methanol/
oil molar ratio of 12:1, agitation speed of 600 rpm and 3 wt.% of 
catalyst provided maximum biodiesel yield of 98.65% at 60 °C 
for 1h reaction time. The catalyst exhibited outstanding stability 
where negligible Ca2+ leaching was detected and the recovered 
catalyst was reused in 8 successive cycles without significant 
loss in activity. Therefore, this kind of bimodal porosity catalyst 
is said to exhibit very high activity, stability, and recyclability, 
which entailed potential saving and affordable biodiesel produc-
tion possibilities.

Improved production of biolubricants 
from soybean oil and different 
polyols via esterification reaction 
catalyzed by immobilized lipase from 
Candida rugose
Cavalcanti, E.D.C., et al., Fuel 125: 705–713, March 2018,  
https://doi.org/10.1016/j.fuel.2017.11.119
 Three commercial lipases, Lipomod 34MDP (free lipase 
from Candida rugosa), Lipozyme RM IM (immobilized lipase 
from Rhizomucor miehei) and Novozym 435 (immobilized lipase 
B from Candida antarctica) were evaluated as catalysts in the pro-
duction of biolubricant base oils. This was accomplished via the 
esterification of free fatty acids obtained from soybean-oil hydro-
lysis and different polyols (neopentyl glycol, NPG; trimethy-
lolpropane, TMP; and pentaerythritol, PE). Reactions carried 
out with free C. rugosa lipase showed the highest conversions 
for the three polyols (97% for NPG, 100% for TMP and 55% 
for PE) after 24 h, while Novozym 435 and Lipozyme RM IM 
resulted, respectively, in 65% and 92% for NPG, 15% and 39% for 
TMP and 1% and 0% for PE. Then, Accurel MP1000 (a microp-
orous polypropylene support, PP) was used to immobilize the C. 
rugosa lipase; enzyme loading used was 0.3 mg/g. The zymogra-
phy analysis showed that the protein band of 60 KDa present in 
the C. rugosa lipase extract was the main protein responsible for 
the extract activity in the biolubricant synthesis and it was suc-
cessfully immobilized onto the support. The immobilized lipase 
(34MDP-PP) showed conversions of 99% for NPG and 92% for 
TMP, after 24 h of reaction, maintaining the results obtained 
with the free enzyme. The 34MDP-PP could be reused for six 
consecutive reaction cycles without a reduction in the final con-
version, using NPG and TMP as substrates. Using Lipozyme RM 
IM, the conversion decreased from 92 to 56% after six consecu-
tive reactions. The soybean esters of NPG and TMP showed good 
viscosity indexes, higher than 200.
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Almond oil as potential biodegradable 
lube oil additive: a green alternative
Saha, D.K. and P.J. Ghosh, J. Polym. Environ., online 2017,  
https://doi.org/10.1007/s10924-017-1135-x
 Growing environmental concerns over the use of mineral oil 
based lubricants in various fields have led to an increased atten-
tion towards the use of environmentally benign bio-lubricants. 
Working in this direction, the present report describes the synthe-
sis of a homopolymer of almond oil and its copolymers with decyl 
acrylate. The structures of the prepared polymers were confirmed 
using FT-IR, NMR, and GPC analysis. Additive performances of 
each of the prepared polymers as viscosity index improvers and 
pour point depressants were evaluated by standard ASTM meth-
ods. The thermal stability of each of the polymers was investi-
gated. Biodegradability of all the polymers was also tested as per 
ISO 846:1997 against fungal pathogens. A comparison of their 
multifunctional performances was also studied and is reported. 
The copolymers showed better performances as viscosity index 
improvers and pour point depressants. The thermal stability of the 
copolymers was also found to be higher than the homopolymer. As 
expected, the homopolymer showed better biodegradability among 
the other polymers.
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