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The five unconventional oils described herein represent promising 
new or underutilized oils that would expand the repertoire of vegeta-
ble oils available for food, cosmetic, or biodiesel applications. However, 
each unconventional oil has its own challenges that must be overcome 
to enable large-scale production and commercialization.

RICE BRAN OIL
Rice bran oil is produced from the outer coating, or bran, of rice (Oryza 
sativa). During the milling process, brown rice is polished to remove the 
bran and generate white rice. Because white rice is a staple food in many 
countries throughout the world, more than 60 million metric tons of rice 
bran is produced worldwide each year (Kahlon, T., https://tinyurl.com/
ricebran-book, 2009). Most of this byproduct is currently sold as a low-
cost animal feed. Rice bran has an oil content of about 20% (Shukla, H.S., 
and Pratap, A., https://doi.org/10.5650/jos.ess17067, 2017); however, 
untreated rice bran is unstable because it contains a lipase enzyme that 
rapidly degrades the oil. The lipase can be thermally inactivated, pro-
ducing a stabilized rice bran with increased shelf life (Kahlon, T., https://
tinyurl.com/ricebran-book, 2009). 

Oil is typically extracted from stabilized rice bran by mechanical 
pressing or solvent extraction with hexane or isopropanol, although 
other methods such as supercritical CO2 extraction and microwave- 
assisted extraction are under investigation (Shukla, H.S., and Pratap, 
A., https://doi.org/10.5650/jos.ess17067, 2017). Refining of rice bran oil 
involves degumming, neutralization, bleaching, dewaxing, and deodor-
ization. Arawana, China’s leading brand of edible oils (under Wilmar 
International), developed a low-temperature, enzymatic degumming 
process for rice bran oil to preserve the bioactive compounds γ-oryzanol 
and phytosterols (Wan, L., https://tinyurl.com/FoodNavArawana, 2018).

The fatty acid compositions of rice bran and other oils are shown 
in Table 1. Rice bran oil is approximately 19% saturated fatty acids, 39% 
monounsaturated, and 35% polyunsaturated fatty acids. The oil also con-

• Five vegetable oils dominate the 
world market: palm, soybean, canola, 
sunflower seed, and palm kernel.

• However, many new, unusual, or 
underutilized plant oils, including 
those from rice bran, pequi, pistachio, 
Allanblackia, and jatropha, are becoming 
more popular and helping to meet the 
increasing demand for edible oils.

• Unconventional oils are often harvested 
from wild plants, so domestication 
would likely enhance oil properties and 
production.

Unconventional 
OilsLaura Cassiday

Five vegetable oils dominate worldwide production: palm, soybean, canola (rapeseed), sunflower 
seed, and palm kernel (USDA, https://tinyurl.com/vegoils2018, 2018). Yet as the global demand for 
edible oils increases, the search for novel or unconventional oils accelerates. Particularly desirable 
are oil crops that flourish under conditions that most conventional oilseeds cannot, such as poor 
soil or drought. Many developing nations are seeking novel oil-producing plants that thrive in their 
native climate and soil, increasing the prosperity of farmers and reducing the nation’s dependence 
on imported oils. In addition, investors, manufacturers, and consumers are looking for novel oils 
that have unique health-promoting properties or functional characteristics.
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tains bioactive minor components such as γ-oryzanol, tocoph-
erols, tocotrienols, and phytosterols. γ-oryzanol, which is a 
mixture of at least 10 steryl ferulates, has been shown to have 
antioxidant and LDL-cholesterol-lowering activities in animal 
models and humans (Friedman, M., https://doi.org/10.1021/
jf403635v, 2013). Crude rice bran oil contains approximately 
15 g/kg of γ-oryzanol. Tocopherols and tocotrienols, which are 
different forms of vitamin E, are also antioxidants, and phytos-
terols can lower LDL-cholesterol levels in humans. 

Animal studies and several small clinical trials have indi-
cated that rice bran oil and blends of rice bran oil with other 
oils can have modest but significant effects on LDL-cholesterol 
levels (Friedman, M., https://doi.org/10.1021/jf403635v, 2013). 
A systematic review and meta-analysis of 11 randomized con-
trolled trials found that rice bran oil consumption decreased 
LDL-cholesterol levels by a mean of 6.91 mg/dL and total cho-
lesterol levels by a mean of 12.65mg/dL (Jolfaie, N.R., et al., 
https://doi.org/10.1055/s-0042-105748, 2016). In men only, 
rice bran oil also increased HDL-cholesterol concentrations by 

NOVEL OILS

TABLE 1. Fatty acid composition (% total lipids) of five unconventional and four conventional (palm, soybean, canola, and olive) 
edible oils

Oil Linoleic
18:2 (n-6)

α-Linolenic
18:3 (n-3)

Oleic
18:1 (n-9)

Palmitic
16:0

Stearic
18:0

Other 

Rice bran1 33.4 1.6 39.1 16.9 1.6 7.4
Pequi2 2.0 0.3 57.5 35.8 2.2 2.2
Pistachio3 29.7 0.8 55.5 11.3 1.0 1.7
Allanblackia4 0.4 -- 39.4 3.2 56.8 0.2
Jatropha5 34.6 -- 48.8 13.0 2.5 1.1
Palm1 9.1 0.2 36.6 43.5 4.3 6.3
Soybean1 51.0 6.8 22.6 10.5 4.4 4.7
Canola1 19.0 9.1 61.7 4.3 2.1 3.8
Olive1 9.8 0.8 71.3 11.3 2.0 4.8

1USDA-ARS Food Composition Database, Fats and Oils (https://tinyurl.com/USDAfood-data)
2Guedes, A.M.M., et al., https://doi.org/10.5650/jos.ess16192, 2017
3Kerman variety; Ojeda-Amador, R.M., https://doi.org/10.1016/j.foodchem.2017.07.087, 2018
4Crockett, S.L., https://doi.org/10.3390/ijms160922333, 2015
5Mariod, A., et al., https://doi.org/10.1016/B978-0-12-809435-8.00031-7, 2017
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a mean of 6.65 mg/dL. It is currently uncertain whether the 
LDL-cholesterol-lowering effects of rice bran oil can be traced 
to its fatty acid composition or to minor components, such as 
γ-oryzanol or phytosterols.

With a mild flavor and high smoke point (232°C), rice bran 
oil is suitable for high-temperature cooking methods, such as 
deep frying. Because rice bran oil is relatively inexpensive, mix-
ing it with more costly oils, such as sesame or olive, could pro-
duce blends with reduced prices and improved properties such 
as smoke point or fatty acid profile. Researchers have pro-
duced zero-trans-fat shortenings that contain bioactive com-
ponents by using lipase-catalyzed interesterification of rice 
bran oil and palm stearin (reviewed in Friedman, M., https://
doi.org/10.1021/jf403635v, 2013).

Rice bran is not a novel oil, but it is underutilized. Rice bran 
oil is fairly common as a cooking oil in Asian countries such as 
Japan, India, and China, but its popularity still lags far behind 
other oils such as palm and soybean. As a byproduct of rice 
milling, rice bran is inexpensive and readily available in many 
Asian countries. Increased production and consumption of rice 
bran oil could reduce these countries’ heavy reliance on edible 
oil imports (for example, India imports 60% of its edible oils). 
Perhaps the biggest challenge facing rice bran oil lies in commu-
nicating its favorable properties to food companies, restaurants, 
and consumers amidst a plethora of competing oils. 

PEQUI OIL
Pequi oil comes from the fruits of a perennial tree (genus 
Caryocar) native to Central and South America. The tree 
produces yellow-to-orange, strongly flavored fruits with 
spiny seeds (Guedes, A.M.M., https://tinyurl.com/lipid-li-
brary-pequi). Local people collect the fruits when they ripen 
and fall to the ground, selling the fruits and using them for 
traditional dishes, preserves, and oil (Fig. 1). The mesocarp of 
the pequi fruit contains between 36 and 66% dry weight of oil 
(Guedes, A.M.M., https://doi.org/10.1051/ocl/2017040, 2017).

The traditional method for making pequi oil involves boil-
ing the peeled fruit in water with stirring. The oil that rises is 
skimmed off with a spoon and collected. Then, the oil is dried 
by heating and is filtered through a cotton cloth. The resulting 
oil is not very stable, but it does preserve many of the bioac-
tive compounds. This traditional technique is time-consum-
ing: The production of 6 L of oil takes up to 2 days (Guedes, 
A.M.M., https://doi.org/10.1051/ocl/2017040, 2017). In addi-
tion to the traditional method, pequi oil can be extracted 
with solvents such as acetone, ethanol, or hexane. Solvent 
extraction requires prior drying of the fruit pulp, and the sol-
vents must be eliminated in the final stage of processing. 

Oil can be produced form both the pulp of the pequi fruit 
and the seed kernel; both have similar fatty acid compositions. 
Pequi oil contains mainly palmitic acid (35–40%) and oleic 

FIG. 1. Ripe pequi fruit nearly ready to fall to the ground, where it 
is harvested. Credit: Shutterstock
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acid (54–60%). The high content of monounsaturated fatty 
acids (oleic acid) makes the oil attractive for food, cosmetic, 
and oleochemical applications (Guedes, A.M.M., https://doi.
org/10.1051/ocl/2017040, 2017). In addition, the high con-
tent of palmitic acid makes pequi oil suitable for margarine and 
shortening applications. The major triacylglycerol in pequi oil is 
2-oleo-dipalmitin (POP), which is also present in cocoa butter 
and is largely responsible for its functionality. The confection-
ery industry is interested in finding new sources of POP for use 
as cocoa butter equivalents (Guedes, A.M.M., https://tinyurl.
com/lipid-library-pequi). The triacylglycerol composition of 
pequi oil depends to some extent on the location and species 
of the tree. Pequi oil contains up to 246 μg of carotenoids per 
gram, which act as antioxidants (Guedes, A.M.M., https://doi.
org/10.1051/ocl/2017040, 2017). 

Pequi oil has a similar fatty acid composition to palm oil 
(Table 1). “Although there are some similarities between palm 
oil and pequi oil, the flavor and odor are completely differ-
ent,” says Andréa M.M. Guedes, researcher at the Brazilian 
Agricultural Research Corporation in Rio de Janeiro, Brazil. 
“Pequi oil has a strong and sweet flavor caused by both natu-
ral volatiles and the extraction process. During the extraction, 
heat is applied, and new flavor components can be formed.”

In tropical climates, pequi oil undergoes phase separation 
at room temperature because of the high levels of palmitic 
and oleic acids. Guedes and colleagues found that this undesir-
able property can be overcome by chemical interesterification, 
which produces a new, zero-trans fat with different crystalli-
zation and melting properties (Guedes, A.M.M., https://doi.
org/10.1051/ocl/2017040, 2017). The interesterified oil has 
a broader range of functionality at room temperature and at 
cold temperatures. In addition, pequi oil can be enzymatically 
modified to incorporate stearic acid at the sn-1,3 position of 
triacylglycerols, producing a cocoa-butter-like fat. According 
to Guedes, the researchers are now working on fractionating 
pequi oil, or separating stearin from olein. 

Animal studies have indicated that pequi oil may have 
antioxidant and anti-inflammatory properties (Guedes, 
A.M.M., https://doi.org/10.1051/ocl/2017040, 2017). However, 
more research on the effects of pequi oil on human health 
parameters is required, as well as a more compete characteri-
zation of bioactive compounds within the oil.

In 2011, an estimated 7,027 tons of pequi fruits were pro-
duced in Brazil from two major species (Caryocur brasiliense 
and C. coriaceum) (Guedes, A.M.M., https://doi.org/10.1051/
ocl/2017040, 2017). Because the pequi tree has not yet been 
domesticated, production results mainly from trees grow-
ing naturally in the wild. Currently, the number of native 
pequi trees is not sufficient to meet the increasing demand 
(Guedes, A.M.M., https://doi.org/10.1051/ocl/2017040, 2017). 
Some communities have planted seedlings, and grafting and 
other agronomic practices are being investigated to boost 
productivity.

Currently, no large-scale facilities exist for producing or 
processing pequi oil, says Guedes. Small producers in Brazil 
form cooperatives to make and market the oil. “The large-scale 
industry has not shown interest in processing it,” says Guedes. 
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“However, the cosmetics industry has purchased and pro-
cessed crude pequi oil for use in hair products, for instance.”

PISTACHIO OIL
Pistachio oil comes from the nuts of the Pistacia vera tree, 
which originated in the Middle East and Asia. Pistachios have 
been cultivated in these regions for millennia, and more 
recently in California. In 2014, Iran was the world’s largest 
producer of pistachio nuts (415,000 tons), followed by the 
United States (230,000 tons) (Ojeda-Amador, R.M., https://
doi.org/10.1016/j.foodchem.2017.07.087, 2018). Pistachios are 
popular snacks and components of foods such as ice cream 
and confections. The nuts are rich in oil, with an oil content of 
about 50%. Virgin pistachio oil is yellow-green in color and has 
a strong but pleasant flavor (Fig. 2).

In some Middle Eastern and European countries, pista-
chio oil is used primarily as a salad dressing or gourmet oil. 
Pistachio oil is also used in cosmetic applications. Because 
many consumers desire lightly processed oils, particularly 
within the gourmet market, mechanical pressing is more com-
mon than solvent extraction for producing virgin pistachio 
oils (Ojeda-Amador, R.M., https://doi.org/10.1016/j.food-
chem.2017.07.087, 2018). 

Virgin pistachio oil is rich in oleic acid, and linoleic acid 
is the second-most prevalent fatty acid (Table 1). The oil is 
approximately 12% saturated fatty acids, 56% monounsatu-
rated fatty acids, and 31% polyunsaturated fatty acids. There 
are substantial differences among varieties of pistachio oil, 
with the more common Kerman variety having higher linoleic 
acid (29.7%) and lower oleic acid (55.5%) compared with other 
varieties, for example, Larnaka (12.8% linoleic and 73.6% oleic 
acid) (Ojeda-Amador, R.M., https://doi.org/10.1016/j.food-
chem.2017.07.087, 2018).

Phytosterol content also varies significantly among pista-
chio varieties (3,200–7,600 mg/kg), but is higher than that of 
olive oil (1,100–2,100 mg/kg) (Ojeda-Amador, R.M., https://
doi.org/10.1016/j.foodchem.2017.07.087, 2018). Pistachio oil is 
rich in γ-tocopherol (550–720 mg/kg), a vitamin E isoform that 
appears to be a more efficient antioxidant than α-tocopherol 
for food lipids. Pistachio oil is also a good source of other 
antioxidants, such as phenolic compounds and carotenoids. 
Pistachio oil has a characteristic aroma contributed by volatile 
compounds such as terpenes (predominantly α-pinene).

Pistachios, like several nuts, have shown beneficial health 
effects when consumed by humans, such as reduced LDL-
cholesterol. However, pistachio oil had not been well studied 
in the clinic. Pistachio oil’s high content of oleic acid, similar to 
olive oil, as well its antioxidant and anti-inflammatory compo-
nents, warrant investigation for potential cardioprotective and 
other benefits.

A trained sensory panel described the attributes of pis-
tachio oil as having an intense green appearance; a marked 
pistachio aroma and flavor; a sweet flavor, neither bitter nor 
pungent; and an oily-in-mouth sensation (Ojeda-Amador, 
R.M., https://doi.org/10.1016/j.foodchem.2017.07.087, 2018). 
Although not unpleasant, the strong flavor of pistachio oil may 
limit its use for some applications. As such, pistachio oil is likely 

to remain a niche oil, produced in small quantities by artisanal 
mills and sold primarily in gourmet and health food markets.

ALLANBLACKIA OIL
Allanblackia oil is produced from the seeds of the Allanblackia 
tree (typically Allanblackia parviflora, A. floribunda, or A. stuhl-
mannii). This tree grows in the tropical rain belt of Africa, from 
Guinea in the west to Tanzania in the east. Named in honor 
of Scottish botanist Allan Black (1832–1865), Allanblackia is 
an evergreen tree that produces large brown fruits weighing 
up to 15 pounds (7 kg) and containing 40–50 seeds. The tree 
begins fruiting at about 8 years of age and continues for lon-
ger than 50 years. A single Allanblackia tree can produce up to 
300 fruits per year, with 100–150 being average. Dehulled and 
dried seeds contain up to 70% oil.

In the late nineteenth century, many alternative oil seeds 
were identified and studied by French, Belgian, and Italian 
colonists in Africa (Crockett, S.L., https://doi.org/10.3390/
ijms160922333, 2015). Later, during World War I, Allanblackia 
oil was used as a substitute for cocoa butter in chocolate. 
During the 1970s and 1980s, Allanblackia oil was exported 
to Europe in small quantities, but the supply was never suffi-
cient to meet demand. Local people use the oil for cooking and 
soap-making.

Allanblackia seeds are predominantly harvested from trees 
growing in the wild. When fruits are ripe, they fall to the ground. 
Harvesters collect the fruits and manually extract and clean the 
seeds. Prior to oil extraction, the seeds must be dried in the sun 
for 1–2 weeks. After transport to a mill, such as the Allanblackia 

FIG. 2. Pistachio oil and nuts Credit: Shutterstock
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Oil Mill in Tanga, Tanzania, the seeds are crushed with a press, 
and the crude oil is filtered and stored at 40-45°C so that it 
remains liquid. The remaining cake, which contains fibers and 
residual oil, can be used as a renewable energy source in the 
mill. After reaching its manufacturing destination, the crude oil 
can be refined to remove free fatty acids and off-flavors. 

Allanblackia oil contains a unique blend of fatty acids that 
make it an excellent structuring fat in foods such as marga-
rines. The oil has an unusually high stearic acid content—above 
50% (Table 1), causing it to be solid at room temperature.  
Allanblackia oil is composed of only a few triglycerides derived 
from palmitic, oleic, and stearic acids. The oil has a melting 
point of 34°C and very steep melting behavior, which makes 
it useful for foods such as margarine without further modifi-
cation or fractionation. Minor bioactive compounds remain 
to be fully characterized; however, crude Allanblackia oil con-
tains tocopherols, benzophenone derivatives, and xanthones 
(Crockett, S.L., https://doi.org/10.3390/ijms160922333, 2015). 
Health effects of Allanblackia oil have not been studied yet, but 
stearic acid does not raise levels of LDL-cholesterol like other 
saturated fatty acids, such as palmitic acid, do.

 In 2002, Unilever, several African research agen-
cies, farmers, and non-governmental organizations part-
nered to establish the Novella Africa Project to increase 
production of Allanblackia oil. Unilever has estimated 
that the market demand for Allanblackia oil could exceed 
100,000 tons per year, yet in 2013 only about 210 tons of oil 
were produced (Ofori, D., et al., https://doi.org/10.17660/
ActaHortic.2013.979.32, 2013). An insufficient number of wild 
trees, combined with erratic flowering and fruiting behavior, 
underlie the deficit. 

The Novella partnership promotes the widespread plant-
ing and domestication of Allanblackia trees to meet world-
wide demand for the oil. A commitment from Unilever to 
purchase Allanblackia oil ensures a stable supply chain, which 
encourages local farmers to plant seedlings. Also under the 
Novella Africa Project, research efforts are focused on ana-
lyzing Allanblackia genetic diversity, selecting superior plants, 
establishing gene banks, and determining the best tree prop-
agation and cultivation practices (Ofori, D., et al., https://doi.
org/10.17660/ActaHortic.2013.979.32, 2013).

In 2007, the European Food Safety Authority declared 
that Allanblackia oil is acceptable for human consumption in 
“yellow fat and cream-based spreads.” (Crockett, S.L., https://
doi.org/10.3390/ijms160922333, 2015). In September 2014, 
Unilever launched the “Becel Gold” brand of margarine in 
Sweden, which contains Allanblackia oil.

JATROPHA OIL
Jatropha curcas is a small flowering tree native to Mexico 
and Central America. The shrub is now grown throughout the 
world in tropical and subtropical areas. Jatropha seeds from 
within pods that contain three seeds, with an average oil con-
tent of 46.4% (Mariod, A., et al., https://doi.org/10.1016/B978-
0-12-809435-8.00031-7, 2017) (Fig. 3). Jatropha oil is not edible 
due to the presence of toxic phorbol esters, but it can be pro-
cessed into high-quality biodiesel. 

J. curcas trees start yielding at about 1 year of age and 
have a life expectancy of 40 years. The plant is resistant to 
aridity and can grow in almost any soil, making it invasive in 
many areas. Jatropha’s apparent ability to thrive on marginal 
land made the plant very attractive for biodiesel applications, 
as the crop would not compete with food crops for arable land. 
Under optimal conditions, J. curcas has an estimated yield of 
2,270 L of high-quality biodiesel per hectare, compared with 
540 L per hectare for soybean oil and 7,130 L per hectare for 
palm oil (Bayer CropScience, Inform, 2008). 

Jatropha oil contains oleic (44.8%), linoleic (34.6%), pal-
mitic (13%), and stearic (2.5%) acids (Mariod, A., et al., https://
doi.org/10.1016/B978-0-12-809435-8.00031-7, 2017) (Table 
1). The oil also contains a protein called curcin, which is simi-
lar to ricin from castor beans but much less toxic (King, A.J., et 
al., https://doi.org/10.1093/jxb/erp025, 2009). The toxicity of 
jatropha oil has been linked primarily to phorbol esters, which 
are purgatives, skin toxins, and possible tumor promoters. The 
presence of phorbol esters and other potential toxins in the 
seed meal obtained from oil extraction precludes its use for 
animal feed, although the protein quality is comparable to soy. 
No cost-effective approaches to detoxifying the meal have yet 
been identified. However, naturally occurring, edible varieties 
of jatropha exist in Mexico. 

The oil has favorable parameters for biodiesel perfor-
mance, including viscosity, density, flash point, cloud point, 
and cetane number. In the production of biodiesel, jatropha 
oil is transesterified with ethanol to produce fatty acid methyl 
esters. In 2004, a modified Mercedes Benz automobile that 
was powered by jatropha biodiesel toured 5,900 km (3,666 

FIG. 3. Jatropha curcas, also known as Barbados nut
Credit: Shutterstock
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miles) in India, with much publicity (Bayer CropScience, Inform, 
2008). In 2008, researchers at Daimler Chrysler, Archer Daniels 
Midland, and Bayer CropScience undertook a joint project to 
explore jatropha fuel for automobile use. And in 2008–2011, 
airlines in New Zealand, the United States, Mexico, and China 
flew successful test flights using blends of jatropha oil with 
conventional jet fuel in one engine.

In the 2000s, jatropha was widely promoted as a “wonder 
crop” that could flourish on wastelands with very little water 
and bring prosperity to impoverished farmers in developing 
nations. As a result, in 2009 2.5 million hectares of jatropha 
were planted in India and China (King, A.J., et al., https://doi.
org/10.1093/jxb/erp025, 2009). However, since 2011, skepti-
cism has prevailed. Farmers discovered that although jatro-
pha will grow on marginal land with little water, oil yields are 

very poor (5-fold or less than optimal conditions). Therefore, 
jatropha competes with edible crops for water, land, and other 
resources, reigniting the “food versus fuel” debate. In addition, 
a life cycle analysis predicted that clearing tropical woodlands 
for jatropha cultivation would actually result in a net increase 
in greenhouse gas emissions over a 20-year period compared 
with the production and use of fossil fuels (Romijn, H.A., 
https://doi.org/10.1016/j.enpol.2010.07.041, 2011).

According to Promode Kant, director of the Institute of 
Green Economy in New Delhi, India, the governments of China 
and India have withdrawn all support from jatropha as a bio-
fuel. “The jatropha plantations raised in the first decade of this 
century have been more or less abandoned,” he says. “A very 
few do survive in isolated areas in India, more out of inertia 
than anything else. Facilities for oil extraction that were specif-
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ically set up for jatropha seeds also stand abandoned or have 
been converted to use for other oilseeds.” 

In a viewpoint published in Environmental Science & 
Technology entitled, “The extraordinary collapse of jatro-
pha as a global biofuel,” Kant and Shuirong Wu of the Chinese 
Academy of Forestry (Beijing, China) describe the “massive 
planting program of unprecedented scale” for jatropha in India, 
China, Tanzania, and other developing countries (Kant, P., and 
Wu, S., https://doi.org/10.1021/es201943v, 2011). When seed 
production fell far short of expectations, and petroleum prices 
dropped, the jatropha market collapsed, “bringing misery to mil-
lions of poorest people across the world,” the authors write. “It 
appears to be an extreme case of a well-intentioned, top-down 
climate mitigation approach, undertaken without adequate 
preparation and ignoring conflict of interest … ”

Jatropha may best serve as a cautionary tale about the 
dangers of hyping and heavily investing in a novel oil without 
proper research and due diligence. However, the case for jatro-
pha as a biofuel is not completely hopeless. Already, people in 
isolated communities in southern and eastern Africa use the 
oil to power their homes. And with research and time, jatropha 
could be optimized, like conventional crops, through selective 
breeding, genetic modification, or gene editing. Using these 
tools, seed yield and oil content could be improved. To enable 
the use of jatropha press cakes in animal feed, genes in the 
phorbol ester pathway could be disrupted, or naturally non-
toxic varieties of jatropha could be further explored.

TAMING NEW OIL CROPS
Although unconventional oil crops offer exciting new prop-
erties and functionalities, they lack the years of research, 
improvements, and experience that have been invested in 
conventional oilseeds. Only time will tell if an unusual oil will 
displace one of the tried-and-true conventional oils, or if the 
oil will simply expand the repertoire of edible oils for different 
locations, price points, or purposes. Large-scale production of 
any new oil will almost certainly require its domestication from 
wild plants. 

Interestingly, scientists at the University of Copenhagen 
and Bayer CropScience recently modified mustard, a close rela-
tive of canola, so that it no longer produces the bitter defense 
proteins that give mustard (and mustard oil) its strong fla-
vor (Nour-Eldin, H.H., et al., https://doi.org/10.1038/nbt.3823, 
2017). Through targeted genetic modification, the research-
ers made mustard plants that lack these compounds in seeds 
but express them in the rest of the plant so that it can defend 
itself against herbivores and pathogens. The modified mustard 
plant can grow in warmer, drier climates than canola, enabling 
cultivation in areas not suitable for the conventional oilseed 
crop. Large field trials have already been conducted. A similar 
approach could perhaps be taken with other unconventional 
oil crops around the globe.

Laura Cassiday is a former associate editor of Inform.
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Shea butter is a tropical, off-white fat extracted from 
the nuts of the Shea tree (Vitellaria paradoxa), a wild 
crop indigenous to the African dry belt. Commonly 
used in Africa as a local frying and cooking oil, shea 
butter has become the second largest natural source 
of symmetrical stearic acid-rich triacylglycerols (TAGs) 
worldwide (Table 1) [1]. 

Although unprocessed shea butter is widely used in cosmetic and 
medical applications, in the food industry, shea butter often under-
goes a one-step fractionation. The hard fraction (i.e., stearin) is mainly 
used as a component in cocoa butter equivalents (CBEs), while the soft 
fraction (i.e., olein) is often regarded as a low-value secondary fraction. 
Nonetheless, shea butter and its fractions (Table 1) are also finding new 
uses in the bakery segment as components to formulate shortenings 
and/or margarines for applications ranging from cakes and puff pastry to 
icings and fillings. This increase of shea consumption is closely related to 
social, environmental, and technical factors, such as the increased antip-
athy regarding the usage of palm oil—especially in Europe—and the neu-
tral nutritional view of stearic acid-based fat consumption compared to 
the other saturated fats.

While the word “shortening” is frequently used interchangeably 
with fats and oils, this should not be the case; bakery shortenings are 
quasi-plastic, tailor-made systems comprising 100% fats and oils, but 
processed in such a way as to deliver the desired physical functionality 
and nutritional requirements [2]. In bakery applications, the term “short-
ening” indicates the ability of fats to shorten the gluten network forma-
tion and lubricate the starch particles, leading to a tender, less chewy 
baked product. Apart from fats and oils, minor components, such as 
emulsifiers, colorants, and/or flavors sometimes are added to shorten-
ings, for obvious reasons.

Shortenings are produced in a controlled way under rapid cooling 
and shearing conditions through a votation line, comprised of a scrapped 
surface heat exchanger (A unit), pin worker (C unit), and a resting tube 

          Using shea-based 
formulations to overcome  
  post-hardening in bakery  
                       shorteningsRaul F. Petrut and Krishnadath Bhaggan

• Shortenings are used in a variety of 
bakery applications from cakes and puff 
pastry to icings and fillings.

• The physico-functional properties 
of shortening are critical for final 
product quality and are impacted by 
various mechanisms, such as post-
crystallization and post-hardening, 
which may make the shortening 
unsuitable to use.

• The unique polymorphic behavior of a 
shea-based shortening developed by 
blending, modification, and votation 
was observed to eliminate post-
hardening and maintain the desired 
shortening attributes throughout the 
entire shelf life of the shortening.
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interesterification (IE) plays an important role in minimizing 
the post-crystallization of shortenings, as it yields tri-satu-
rated TAGs (SSS), while lowering the ratio of SUS/SSU, which 
will enhance the shortening crystallization. For example, the 
∆SFC between the unstabilized and stabilized measurements 
of the same sample was lowered from 16% to 10%, at 10oC, for 
the IE fat compared to the non-IE shortening. Moreover, the 
SFC of the shortening increased noticeably at temperatures 
≥ 25°C, due to the greater proportion of SSS, which is benefi-
cial for a large group of shortenings, especially those intended 
for Danish/puff pastry applications. While the presence of the 
asymmetrical TAG is known to impart more stability at the fat 
crystal level, the ratio of SUS/SSU is responsible for the overall 
textural and melting behavior of the shortening [4].

(B unit), the latter being necessary only in the case of spe-
cialty products, such as puff pastry shortenings. The number 
of units in the line and their sequence may vary depending on 
the specific shortening and its intended application. The par-
ticular process is closely linked to the origin of the fats and oils 
employed in the shortening formulations, their concentration, 
crystallization, and polymorphic behavior. Hence, this pro-
cess is crucial for the shortening’s solid fat crystal form, size, 
and network development, which is known to be responsible 
for the macroscopic technical-functional properties of such 
systems. The specific functional properties imparted by the 
shortenings include: softness, mouthfeel, texture, structure, air 
incorporation, moisture retention, and heat transfer.

A major drawback of shortenings formulated with fully 
hydrogenated liquid oils and/or palm oil and its fractions is 
the appearance of the phenomenon called post-hardening. 
Although post-hardening is sometimes regarded as being 
synonymous with post-crystallization, in fact, these are two 
closely related phenomena, which go hand-in-hand [3]. These 
phenomena can occur throughout the entire shelf life of the 
shortening and be may linked or not with a noticeable solid 
fat content (SFC) increase of the shortening. Although, at this 
point in time, the post-hardening mechanism is not completely 
understood, it is believed to be related to the polymorphic 
transitions (α➔β’, β’➔β), crystal size, and network alterations 
or to a combination thereof.

SHEA-BASED SHORTENINGS
With fats rich in symmetrical TAGs (or SUS, where S is satu-
rated fatty acid and U is unsaturated fatty acid), and especially 
with shea, one can expect considerable post-crystallization 
(Fig. 1) and post-hardening when these fats, or their fractions, 
are used in formulation. The post-crystallization can be man-
aged, to a certain extent, by carefully choosing the fats and/
or oils to be blended and by modification (i.e., interesterifi-
cation). While the scope is limited when simply blending fats, 

EDIBLE APPLICATIONS

TABLE 1. Typical values for the main fatty acids, 
triacylglycerols, and nutritional values of shea butter and 
its fractions, where SAFA = saturated fatty acids, MUFA = 
monounsaturated fatty acids, and PUFA = polyunsaturated 
fatty acids

Shea Butter Shea Stearin Shea Olein

C18:0 [%] 43 61 30

C18:1 [%] 45 31 54

C18:2 [%] 6 3 8

SSS [%] 2 2 0

SOS [%] 35 74 10

SOO [%] 27 4 48

SAFA [%] 48 64 37

MUFA [%] 45 31 54

PUFA [%] 7 5 9
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FIG. 1. Solid fat content (SFC) of non-interesterified and 
interesterified shea shortenings measured via unstabilized and 
stabilized method
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Due to their nature and narrow chemical composition, 
shea shortenings would be expected to be β stable. Indeed, 
due to the narrow TAG composition, and the SUS/SSU ratio 
in the shea shortening after interesterification, the short-
ening quickly transforms to the β polymorphic form (Fig. 2). 
Combining the shock-cooling conditions with the high degree 
of TAGs homogeneity in shea shortenings, the transition occurs 
so rapidly that the fat crystallizes initially in the α- form, which 
directly transforms into the β-form (Fig. 2), without follow-
ing the typical path of α➔β’➔β. While at the start of crystal-
lization the α- form is observed in a greater proportion, the 
β-form develops over time at the expense of α, until the transi-
tion is complete.

With the absence of the β’➔β transformation (Fig. 2), it 
would be expected that the post-hardening associated with 
this transition would be excluded, especially during storage 
over long periods of time. Particularly in shortening and mar-
garines production, the β polymorphic form is associated 
with poor quality products (i.e., sandiness, graininess, consis-
tency loss) [5], mainly due to the crystal’s size and number. 
However, this could relate mainly to the use of β’-trending 
fats, in which the β’➔β transformation occurs during storage 
under uncontrolled conditions. It is then expected that care-
ful attention during the votation of shea based shortenings 
would permit the crystal’s size and number to be more strictly 
controlled, as the β crystals are also present during process-
ing. This would lead to a shortening that has the right phys-
ico-functional attributes (i.e., plasticity, workability) for the 
different bakery applications. In a second stage, the sintering 
phenomena of the fat crystal would occur during the shorten-

ing tempering stage, while the shortening is kept under static 
conditions, but under controlled temperature. Hence, once the 
product leaves the tempering stage, little or no post-hardening 
is observed throughout the shea shortening’s shelf-life.

Although post-hardening is a complex process and there 
is no single, universal method for assessing and quantifying it, 
in most cases post-hardening will impact a shortening’s con-
sistency and hardness, which can be measured with a texture 
analyzer or other rheological instrument (Fig. 3). Following 
the hardness of the shortening across its shelf life reveals two 
main defects associated with these phenomena: (i) a decrease 
or (ii) an increase in the shortening hardness compared to the 

FIG. 2. Dynamic polymorphic behavior of a shocked cooled (from 70°C to 18°C) shea shortening investigated by X-Ray Diffraction (XRD) 
during one week of storage
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initial hardness. Both hardness changes are associated with 
mechanisms such as crystal growth, sintering, compacting 
crystal network, and so on. No post-hardening-related alter-
ations are desired during storage, since shortenings exhibiting 
post-hardening will result in irregular, underdeveloped bakery 
products (Fig. 4). Conversely, for shea shortening, the hard-
ness was observed to be constant and linear throughout the 
investigated storage period (Fig. 3), remaining suitable for use 
in bakery applications without negatively impacting the final 
product (e.g., puff pastry) (Fig. 4). Hence, the shea-based short-
ening can be considered a viable solution in overcoming the 
post-hardening associated with plasticized bakery shortenings.

Raul F. Petrut is Application and Technical Support Manager—
Bakery at Bunge Loders Croklaan in Wormerveer, The 
Netherlands. He can be contacted at Raul.Petrut@bunge.com. 
 
Krishnadath Bhaggan is Senior Innovation Manager—
Confectionary at Bunge Loders Croklaan   
Krish.Bhaggan@bunge.com.
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FIG. 4. Puff pastry prepared with the shea shortening (left) and with a reference shortening that has post-hardened (right)
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• The ingestion of collagen hydrolysate, 
or hydrolyzed collagen, has been 
demonstrated to improve skin and 
joint conditions.

• However, critics have pointed out a 
lack of scientific evidence about the 
molecule’s mechanism of action.

• Our research group has demonstrated 
that the ingestion of collagen 
hydrolysate increases blood plasma 
levels of bioactive collagen peptides, 
such as Pro-Hyp, in humans. Pro-
Hyp increases fibroblast numbers in 
collaboration with growth factors 
and the production of extracellular 
components, which could be 
associated with the beneficial effects 
of collagen hydrolysate consumption.

How collagen hydrolysate  
                   works on  
     your skin and joints

Kenji Sato 

Collagen is the main protein compound in the extra-
cellular matrix. The collagen molecule consists of three 
subunit chains and has a triple helical structure. The 
molecule has a rod-like shape. Collagen forms a family 
with different gene products. Type I collagen is the 
main constituent of non-cartilage connective tissues, 
such as skin, bone, and tendon. Type II collagen is the 
main constituent of cartilage. While other collagens 
play significant biological roles in the body, their con-
tents are relatively low in the body. 

Type I and type II collagens and their derivatives are prepared on a 
large scale from byproducts of fishery and meat industries. Native col-
lagen molecules can be extracted from connective tissues by acid or 
alkaline extraction, combined with limited protease digestion. The tri-
ple helical domain of collagen is resistant to most proteases. On the 
other hand, the non-helical domain at both ends of the collagen mol-
ecule can be digested by protease. Cleaving the non-helical domain of 
collagen can release the collagen molecule from tissues. Some types of 
native collagen, especially type II collagen, are used as a food ingredi-
ent, aimed at attenuating rheumatoid arthritis. In most cases, collagen is 
extracted with hot water. During this heat treatment, the helical struc-
ture collapses and is converted to the globular structure. The heat-dena-
tured collagen is referred to as gelatin, which has a long history of use as 
a food ingredient. Gelatin solution forms a gel after cooling and can be 
digested by proteases, thus forming collagen peptides. Collagen peptides 
are soluble in cold water and lose their gel-forming ability. The hydro-
lyzed collagen (collagen hydrolysate) can then be used as a food supple-
ment to improve skin and joint conditions.

BENEFICIAL EFFECTS OF INGESTING 
COLLAGEN HYDROLYSATE 
Collagen has a unique amino acid composition; it is rich in glycine (Gly), 
alanine (Ala), proline (Pro), and post-translationally modified amino 
acids such as hydroxyproline (Hyp), but lacks tryptophan (Trp). However, 
the ingestion of collagen hydrolysate has been suggested to attenuate 
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aging-related and photo-induced skin damages and joint pain. 
A few human clinical trials using placebo controls have demon-
strated that the ingestion of collagen peptides increases skin 
moisture [1] and elasticity [1], decreases wrinkle volume [1,2], 
and attenuates joint pain, compared to the placebo controls 
[3]. Furthermore, animal studies also have confirmed these 
beneficial effects. Currently, the other functions of collagen 
hydrolysate are under investigation. 

FOOD-DERIVED COLLAGEN 
PEPTIDES IN HUMAN BLOOD
Most scientists believe that orally administered peptides 
are degraded into amino acids during the digestion and 
absorption processes. It has been speculated that the inges-
tion of collagen peptide could not show specific responses 
beyond those of its constituent amino acids. However, 
observation of the presence of high levels of hydroxyproline 
(Hyp)-containing peptide in human blood after the ingestion 
of collagen hydrolysate changed this conventional view. 

Collagen consists of a unique amino acid, Hyp, while most 
other proteins lack it. Thus, a Hyp-containing peptide can be 
considered to be a collagen peptide. Unexpectedly, high lev-
els of collagen peptide were observed in human blood plasma 
after the ingestion of collagen hydrolysate [4]. Collagen pep-
tide levels in human blood increase in a dose-dependent man-
ner. After ingestion of 5–10 g collagen hydrolysate, which is the 
commonly used amount in supplements, a concentration of 
approximately 10–50 μM of collagen peptides are observed in 
human blood plasma, depending on the preparation method 
and source of collagen hydrolysate. 

The main constituent of collagen peptides in plasma is 
Pro-Hyp, which has been confirmed by precolumn derivatiza-
tion, followed by high-performance liquid chromatography 
(HPLC) separation and liquid chromatography–tandem mass 
spectrometry (LC-MS/MS). An animal experiment demon-
strates that Pro-Hyp is deposited in tissue after its clearance 
from blood. In addition, Pro-Hyp is also generated from endog-
enous collagen in inflamed tissues and wound healing sites.

BIOLOGICAL ACTIVITIES OF PRO-HYP
To elucidate the biological significance of Pro-Hyp, effects of 
Pro-Hyp on fibroblasts were first examined. Mouse skin discs 
were cultured in the presence of Pro-Hyp or constituent amino 
acids (200 μM). The number of fibroblasts migrating from the 
skin significantly increased in the presence of Pro-Hyp, com-
pared to that in the presence of free Pro and Hyp (Fig. 1) [5].

This effect was abolished by the addition of mitomycin 
C, which does not affect cell migration but inhibits cell divi-
sion. Furthermore, Pro-Hyp triggers the growth of fibroblasts 
attached to the collagen gel (Fig. 2) [5].

Fibroblasts attached to the collagen gel stop growing even 
in the presence of growth factors, while fibroblasts grow rap-
idly on plastic and glass plates (Fig. 2). These observations 
indicate that Pro-Hyp stimulates the growth of fibroblasts in 
tissues in collaboration with growth factors. In addition, Pro-
Hyp increases the production of hyaluronic acid and glycos-

aminoglycan by fibroblasts and chondrocytes, respectively. 
Pro-Hyp also increases the production of keratin-associated 
proteins from keratinocytes by affecting the excretion of some 
biological substances from fibroblasts. These in vitro activi-
ties of Pro-Hyp could be associated with the in vivo responses 
of the ingestion of collagen hydrolysate, such as the increase 
of collagen content in skin, improvement of epidermis barrier 
function, and increase of glycosaminoglycan in the joints. 

PROTEINS

FIG. 1. Number of fibroblasts migrating from the mouse skin disc 
in the presence of Pro-Hyp, Hyp, and Pro (200 μM). The asterisk 
indicates significant differences from the Pro group at each time 
point (p < 0.05). This figure from [5] was adapted with permission.

FIG. 2. Growth of fibroblasts from mouse skin disc on plastic the 
plate and collagen gel in the presence of Pro-Hyp, Hyp, and Pro 
(200 μM). The different letters on the values indicate significant 
differences (p < 0.05). This figure from [5] was adapted with 
permission.



20   •   inform   June 2018, Vol. 29 (6)   

References
[1] Inoue, N., F. Sugihara, and X. Wang, “Ingestion of 
bioactive collagen hydrolysates enhances facial skin 
moisture and elasticity and reduce facial aging signs in 
a randomized double-blind placebo-controlled clinical 
study,” J. Sci. Food Agric. 96: 4077–4081, 2016.

[2] Proksh, E., et al., “Oral intake of specific bioactive 
collagen peptides reduces skin wrinkles and increases 
dermal matrix synthesis,” Skin Pharmacol. Physiol. 27: 
113–119, 2014.

[3] Kumar, S., F. Sugihara, K. Suzuki, N. Inoue, and S.A. 
Venkateswarathirukumara, “A double-blind, placebo-
controlled, randomized, clinical study on the effectiveness 

of collagen peptide on osteoarthritis,” J. Sci. Food Agric. 
95: 702–707, 2015.

[4] Iwai, K., T. Hasegawa, Y, Taguchi, F. Morimatsu, and 
K. Sato, et. al., “Identification of food-derived collagen 
peptides in human blood after oral ingestion of gelatin 
hydrolysates,” J. Agric. Food Chem. 53: 6531–6536, 2005.

[5] Shigemura, Y., K. Iwai, F. Morimatsu, T. Iwamoto, T. 
Mori, C. Oda, T. Taira, E.Y. Park, Y. Nakamura, and K. Sato, 
“Effect of prolyl-hydroxyproline (Pro-Hyp), a food-derived 
collagen peptide in human blood, on growth of fibroblasts 
from mouse skin,” J. Agric. Food Chem. 57: 444–449, 
2009.

In conclusion, the ingestion of collagen hydrolysate 
increases the levels of bioactive collagen peptides such 
as Pro-Hyp in the blood and tissues. Pro-Hyp affects the 
growth of fibroblasts and stimulates the production of 
extracellular matrix compounds by fibroblasts, keratino-
cytes, and chondrocytes, which are associated with the 

beneficial effects of collagen hydrolysate ingestion on skin 
and joint conditions.

Kenji Sato is a professor in the Graduate School of Agriculture, 
Kyoto University, Kyoto, Japan. He can be contacted at  
kensato@kais.kyoto-u.ac.jp.
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The following tributes were written in memory 
of two legendary AOCS members—both recip-
ients of the AOCS A.R. Baldwin Distinguished 
Service award.

DAVID FIRESTONE 
David Firestone was born in 
the Bronx, the northernmost 
borough of New York City. He 
received his B.S. from the City 
College of New York in 1948, 
and shortly thereafter joined 
the staff at the US Food and 
Drug Administration (FDA). 
After realizing that advance-
ment in government is difficult 
without advanced education, 
he earned a master’s degree 
from Brooklyn Polytechnic 
Institute in 1954, and pursued part-time graduate work at 
George Washington University, where he earned a Ph.D. in 
1968, at 45 years of age. His persistence paid dividends, as 
he was promoted several times. By 1996, he was serving as a 
senior research chemist at FDA, where much of his research 
focused on food safety and related analytical methodology. 
Dave published extensively, and was a highly cited author. His 
top 10 papers have received nearly 1,900 citations. 

Space does not permit a detailed account of the many 
research accomplishments that occurred over his 51-year 
career at the FDA. However, the following are noteworthy. 
Dave was an early pioneer in the development of an analytical 
methodology needed to analyze toxic compounds in fats and 
oils. His early research focused on chlorinated biphenyls (diox-
ins). In 1957, outbreaks of the chick edema disease broke out, 
killing millions of broilers. Research conducted by the FDA and 

        Giants of the past: 
David Firestone (1923–2017)  
          and Nicholas (Nick)  
   Pelick (1933–2018)  

G.R. List

other industrial laboratories showed that toxic components 
residing in the unsaponifiable fraction of tallow-derived fatty 
acids in certain feed fats were responsible.  However, at the 
time when Dave began his research, the structures and toxicity 
of dioxins were virtually unknown. His early (1961) publication 
described the isolation and characterization of a highly toxic 
material from heated triolein which, when present in feed, 
caused chick edema in broilers. At nearly the same time, a 
researcher at Merck Laboratories isolated a toxic substance in 
crystalline form, but little data other than infrared/ultraviolet 
(IR/UV) spectral coefficients and melting/sublimation values 
could be gleaned from the 1 mg sample. Spectral data showed 
that carbonyl and hydroxyl groups were absent, and a steroidal 
or a polynuclear structure was suggested. By the 1970s, Dave’s 
group had used gas chromatography/mass spectrometry (GC/
MS) to elucidate the structures of numerous dioxins, chloro 
furans, and chloro ethers—all of which display distinctive frag-
mentation patterns and relative intensities.

Further, FDA research identified mechanisms by which diox-
ins and their precursors may enter foods. In industry and agricul-
ture, for example, 2, 4, 5 trichloro and pentachloro phenol were 
used as bactericides, slimicides, defoliants, and termite-control 
agents. Food packaging materials, such as paper, paperboard, 
glue, sealing materials, defoaming agents, were also identified as 
possible threats to food safety. In 1973, Dave reviewed the etiol-
ogy of chick edema disease (https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC1474955/). By 1978, considerable research evolved 
around polychloro and poly bromo phenols and their environ-
mental effects. An excellent review (1978) he coauthored cov-
ers the chemistry, and determination of PCBs and PBBs (https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC1637202/). 

Dave was extensively involved in AOCS. He was elected to 
the governing board, and served as treasurer, vice president, 
president (1978), and on several technical committees. He 
was among the first to be elected an AOCS Fellow. In 1996, he 
received the AOCS A.R. Baldwin Distinguished Service award. 
He was a founding member of AOCS’ Analytical Division, and 
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served in various capacities including the Division’s chair-
person. In recognition of his lifetime achievements in ana-
lytical methods development, Dave received the Division’s 
H J. Dutton Award in 1997. In presenting the award, Division 
Chairperson Therea Lee commented: “Dr. Firestone’s long-
term contributions in lipid analysis, his cordial mentorship 
toward his fellow analytical chemists, his everlasting enthusi-
asm, and volunteer services to AOCS are the qualities we all 
treasure and respect.” Very well said. Dave was not only an 
accomplished scientist, leader, and role model, but a humble, 
unassuming, gentleman as well. 

In addition to his involvement with AOCS, Dave was 
active in the International Union of Pure and Applied 
Chemistry (IUPAC), AOAC International, and the International 
Organization for Standardization (ISO). After the AOAC hon-
ored him (Fellow,1967) with the Harvey W. Wiley Award in 
recognition of his many contributions to fats and oils (2000), 
he donated the $1,000 scholarship award money to the Food 
Science Department at the University of Illinois at Urbana–
Champaign, in memory of past AOCS President Dr. Edward 
Perkins, who passed away in May 2000.

A major focus of Dave’s research in the 1980s centered 
around olive oil and its adulteration.  Surveys taken by the FDA 
during the mid-1980s found that 18 of 25 products labeled olive 
or virgin olive oil were adulterated with esterified or pomice oil. 
Dave spearheaded an effort to develop new methods of analy-
sis that would ensure the quality of oil imported by the United 
States.  As a result, both the FDA and others developed methods 
employing GC, liquid chromatography (LC), MS, nuclear mag-
netic resonance (NMR), NIR, GC/MS, and in tandem. 

Safety of frying oils is of worldwide concern. At what 
point should frying oils be discarded as unsafe remains a key 
question that has attracted the attention of researchers for 
generations. Although frying fat safety is not regulated in the 
United States, several EU-27 nations have issued regulations or 
practical guidelines using various analytical tests. In the mid-

1970s, AOCS President William Link appointed a committee 
to develop and harmonize analytical methodology between 
various bodies including AOCS, IUPAC, and AOAC. Dave was 
chosen as chair of the US delegation, and also appointed as a 
5-year member of the IUPAC executive committee. 

Official and tentative AOCS methods have long been 
important, but require updating to keep up with current tech-
nology. By 1987, Dave had edited the entire Official Methods 
and Recommended Practices of the AOCS. In addition to his tech-
nical publications, he contributed chapters on olive oil to the 5th 
and 6th revisions of Bailey’s Industrial Oil and Fat Products.  He 
authored the most useful reference book, Chemical and Physical 
Properties of Fats and Oils (AOCS Press, 2013). 

At his passing on December 28, 2017, Dave was survived 
by his wife of nearly 72 years, Berlina ( Berdie ), 3 Children, 7 
grandchildren, and a great-grandchild.

NICHOLAS PELICK 
Nick Pelick came into the 
world on January 6, 1933, in 
Scranton, Pennsylvania. He 
attended Penn State University 
at the Hazelton Campus, and 
was active in the Reserve 
Officers’ Training Corps (ROTC) 
program for two years before 
leaving to serve his country 
in the US Air Force. He later 
returned to resume his edu-
cation at Penn State, receiv-
ing a B.S. in Agriculture and 
Biological Chemistry in 1960, and an M.S. in Biochemistry four 
years later. His first position in the lipid field was as a chemist at 
Applied Science Laboratories headed by Dr. Arthur Rose.  

In 1966, Nick and Walter Supina formed Supelco, located 
in Belolefonte, Pennsylvania. The company developed analyti-
cal products for gas chromatography as well as lipids for med-
ical and related fields and standards. Supelco grew rapidly and 
expanded overseas. At one time, Supelco had 500 employ-
ees. In 1986, Nick sold the company to the Rohm and Haas 
Company located in Philadelphia.

Nick and wife Gelsa (Dolly) were devoted to Penn State 
University and the Eberly College of Science; through their gen-
erosity, numerous scholarships and endowments were estab-
lished, including The Nicholas & Gelsa Family Chair. Nick served 
as emeritus director of the Penn State Research Foundation 
Board and other university functions. His service was recog-
nized by an Alumni Fellow Award in 1991.

Nick joined AOCS in 1960. His first involvement came as 
a member of the education committee along with Noel Kuhrt 
and George Rouser. They reasoned that if AOCS was to grow 
and attract top lipid chemists, an achievement award would 
be desirable in meeting the goals. Nick volunteered to propose 
the idea to Dr. Rose, and to champion the benefits to both 
AOCS and Applied Science Laboratory. Dr. Rose agreed, and 
offered to finance the award. The award proposal was sent 
to the AOCS governing board and approved. The first award, 

AOCS MEETING WATCH
September 6, 2018. JOCS AOCS Joint Symposium, Kobe 
Gakuin University, Arise Campus, Kobe, Japan.

September 9–11, 2018. Canadian Section of the 
AOCS (CAOCS) to host 26th CAOCS Canadian Lipid & 
Bioresource Conference, Saskatoon, Saskatchewan, 
Canada.

October 28–31, 2018. Fabric and Home Care World 
Conference, Boca Raton Resort & Club, Boca Raton, 
Florida, USA.

May 5–8, 2019. AOCS Annual Meeting & Expo, America’s 
Center Convention Complex, St. Louis, Missouri, USA.

For in-depth details on these and other upcoming meet-
ings, visit http://aocs.org/meetings or contact the AOCS 
Meetings Department (email: meetings@aocs.org; 
phone: +1 217-693-4843).



inform   June 2018, Vol. 29 (6)   •   23

which came with a $1,000 honorarium, was given in 1964 to 
Dr. Eric Baer. Over the years, the honorarium has increased 
to $5,000, $8,000, and the current $100,000 plus expenses. 
Those increases were made possible by Nick’s generosity. The 
award has undergone several name changes (it is currently 
called the Supelco AOCS Research award) but is unquestion-
ably the most prestigious honor given to a lipid scientist. Three 
Nobel laureates are among its recipients. No other lipid award 
can claim this distinction (http://lipidlibrary.aocs.org/History/
content.cfm?ItemNumber=39250).

Nick held positions on the AOCS Governing Board, as sec-
retary, vice president, and president in 1984. Nick’s scientific 
background, coupled with his business skills, proved invalu-
able as an AOCS leader.  His conservative approach served the 
society well. Growth and expanded member services were 
carefully considered from a financial point of view. Nick’s ser-
vice was honored by the AOCS Award of Merit in recogni-
tion of outstanding contributions to committee work covering 
a substantial period. In 1988, he received the A.R. Baldwin 
Distinguished Service award. The award recognizes unusually 
important contributions to AOCS over a substantial period.  
Just two AOCS members have received both the Merit and 
Baldwin service awards. Nick was also elected an AOCS Fellow.      

During his period of service, the Society experienced much 
growth and became truly global. World Conferences were held 
in eight countries, and from 1976–1988, the number of mem-
bers coming from outside the United States increased from 
600 to 1,500, ultimately representing a third of the member-
ship. The 1980s brought challenges as well. AOCS headquar-
ters was running out of space. As early as 1980, the governing 
board discussed selling the building lease to finance a move 
to larger quarters. By the mid-1980s, the University of Illinois 
offered to buy the lease, but with the stipulation that the sale 
be finalized quickly. Nick asked why the hurry, but was told 
that the sale would need to be finalized by August 1986, or 
they would have to wait 50 years for the lease to expire. Thus, 
the lease was sold and the headquarters moved into rented 
spaces in downtown Champaign. Within a year, a new head-
quarters housing a staff of 30 was in operation, and a fundrais-
ing campaign helped repay the mortgage. 

Like many of his generation Nick was deeply devoted to 
his wife of 63 years, Dolly, and took care of her during a long 
period of ill health. She passed away in 2017. The Pelicks are 
reminiscent of the poem by Linda Ellis, “Between the dash.” 
In essence, a tombstone records the year of birth and death 
of the deceased, separated by a dash. The author points out 
that what’s between the dash is what counts, and is of eternal 
significance. Obviously, the spaces between Nick and Dolly’s 
dashes were full. They will be sorely missed.  

Gary R. List currently works as a consultant after retiring from 
the US Department of Agriculture, Agricultural Research Service, 
National Center for Agricultural Utilization Research, in Peoria, 
Illinois, USA. As an associate editor for the AOCS Lipid Library®, 
List oversees content related to the historical aspects of lipid 
science and technology. He can be reached at grlist@telstar-
online.net.
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  Surprising finding  
in Lipids has implications for 
                            omega-3 
eggs and human nutrition
Robert Elkin, Kevin Harvatine, and Amy Duke

• In a recent study published in the AOCS 
journal Lipids, researchers hypothesized that 
reducing the dietary level of linoleic acid (the 
18-carbon omega-6 fatty acid) in laying hens 
would promote greater conversion in the 
liver of linolenic acid to EPA and DHA, while 
supplementing the hens’ diets with a high-oleic 
acid soybean oil would simultaneously further 
enrich eggs with oleic acid without influencing 
egg EPA and DHA contents.

• Surprisingly, simultaneously supplementing 
the hens’ diet with both flaxseed oil and high-
oleic soybean oil maximally reduced the yolk 
deposition of linolenic acid, long-chain omega-3 
fatty acids, and total omega-3 fatty acids by 37%, 
15%, and 32%, respectively.

• This finding reveals a potential new hindrance 
to enriching eggs with omega-3 fatty acids, and 
may have implications for human nutrition.

Research has shown that the consumption of 
long-chain omega-3 polyunsaturated fatty acids 
provides a myriad of health benefits, including 
lowering the risk of cardiovascular disease and 
death.

Yet, few Americans are consuming enough of this vital 
nutrient to reap those benefits, a deficiency researchers 
in Penn State’s College of Agricultural Sciences, University Park, 
Pennsylvania, USA, hope to change by fortifying foods people 
frequently eat—eggs and chicken—with the heart healthy long-
chain omega-3 fatty acids.

“With the incidence of obesity, heart disease and insu-
lin resistance increasing toward epidemic proportions in the 
United States, people must make changes to improve their 
health,” said Kevin Harvatine, associate professor of nutritional 
physiology in the College’s Department of Animal Science.

“Production of nutritionally enriched eggs and poultry 
meat will help consumers meet health goals and help egg and 
poultry producers to increase the value of their products.”

WHY EGGS AND POULTRY MEAT?
Harvatine and Robert Elkin, professor of avian nutritional 
biochemistry, have collaborated in this research area since 
2011, conducting numerous studies at the Penn State Poultry 
Education and Research Center with both laying hens and broiler 
(meat-type) chickens. Elkin has expertise in poultry nutrition and 
a long history of work aimed at modifying egg cholesterol con-
tent, while Harvatine has expertise in lipid (fat) nutrition and 
metabolism in dairy cattle.

The researchers explained that alpha-linolenic acid is an 
18-carbon omega-3 fatty acid found in flaxseed, walnuts, soy-
beans, nut oils, and leafy vegetables. It is one of two essential 
fatty acids that the human body cannot produce on its own but 
is vital for cardiovascular, cognitive and immune system health. 
It also is touted for its anti-inflammatory properties.
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The other essential fatty acid, linoleic acid, is an 18-car-
bon omega-6 fatty acid commonly found in corn, many vege-
table oils, and a wide variety of snacks and fast foods. While 
omega-6 fatty acids can be beneficial, consuming too much—
which many people do—is not good because it promotes 
inflammation, Elkin pointed out.

In addition, linoleic and linolenic acids compete for the 
same set of enzymes in the liver that convert them into lon-
ger-chain derivatives, which have opposing functions in the 
inflammatory process. As a result, when the ratio of omega-6 
to omega-3 fatty acids favors the former, fewer heart-healthy 
long-chain omega-3 fatty acids are produced by the liver and 
transported to tissues such as the brain and retina, where they 
have other important physiological functions.

Harvatine said that omega-3 needs vary, but, in general, 
healthy adults should set a target of about 250 milligrams per 
day of each of the two most important types: eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA). For people with 
known heart disease, higher dietary intakes are recommended.

EPA and DHA contain a greater number of carbon atoms 
and unsaturated double bonds, and because their consumption 
is associated with a lower risk of cardiovascular disease, they 
are referred to as the heart-healthy omega-3 fatty acids. Foods 
rich in long-chain omega-3s include fatty fish such as salmon, 
tuna, mackerel, and herring; however, few people eat two 
to three servings each week per American Heart Association 
recommendations.

“Some people don’t like fish, can’t eat it due to allergies, 
or simply can’t afford it,” Harvatine said. “Whatever the rea-
son, most don’t meet the requirement. And, if every person on 
the planet ate the number of fish needed to achieve omega-3 
targets, there would be no fish left—it is just not sustainable.”

While over-the-counter supplements are available, the 
researchers believe it is better to reach omega-3 nutritional 
targets through food such as enriched poultry meat and eggs 
because, as Elkin noted, “it’s perhaps a more effective way to 
reach a greater number of people who are concerned about 
health risks (methylmercury) associated with consumption 
of certain fish species, the sustainability and environmental 
effects of aquaculture, or simply prefer to not eat fish for a 
variety of reasons.”

Eggs find their way onto American plates with frequency. 
According to the American Egg Board, per capita consump-
tion of eggs is about 267 a year, which works out to about 
five eggs per person per week. In addition, Americans con-
sumed approximately 91 pounds of chicken per person in 2017, 
according to the National Chicken Council.

SURPRISING FINDING REPORTED IN LIPIDS
Unlike typical nutritionally enhanced eggs found in grocery 
stores, Harvatine’s and Elkin’s goal is to create poultry prod-
ucts that are richer in long-chain omega-3 fatty acids but lower 
in omega-6 fatty acids. Although the chicken is able to convert 
the 18-carbon omega-3 fatty acid found in plants to the heart-
healthy long-chain omega-3s, the process is very inefficient. 
Humans also have a very limited ability to convert linolenic 
acid to EPA and DHA.

In a recent study published in the AOCS Journal Lipids, 
Elkin and Harvatine hypothesized that reducing the dietary 
level of linoleic acid (the 18-carbon omega-6 fatty acid) would 
promote greater conversion in the liver of linolenic acid to EPA 
and DHA, while supplementing the hens’ diets with a high-
oleic acid soybean oil would simultaneously further enrich 
eggs with oleic acid without influencing egg EPA and DHA 
contents.

Oleic acid is the principal fatty acid found in olive oil, 
which is the main fat source in the Mediterranean diet, her-
alded as one of the healthiest diets for cardiovascular disease 
prevention.

The researchers found that, as compared to controls, sup-
plemental dietary flaxseed oil resulted in an enrichment of egg 
yolks with EPA and DHA, but simultaneously supplementing 
the hens’ diet with both flaxseed oil and high-oleic soybean oil 
maximally reduced the yolk deposition of linolenic acid, long-
chain omega-3 fatty acids, and total omega-3 fatty acids by 
37%, 15%, and 32%, respectively.

These results suggested that dietary oleic acid was not 
neutral with regard to the overall process by which dietary lin-
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olenic acid was absorbed, metabolized and deposited into egg 
yolk, either intact or in the form of longer chain/more unsatu-
rated omega-3 fatty acid derivatives.

Based on their knowledge of fatty acid metabolism, as 
well as triglyceride positional analyses of the experimental 
oils, Elkin and Harvatine hypothesized that oleic acid may sim-
ply have out-competed linolenic acid for absorption from the 
intestine, which ultimately would result in less omega-3 fatty 
acid enrichment of egg yolks.

In addition to being the first study to report this, according 
to Elkin, the findings also have implications for human nutrition 
because the initial steps of intestinal fat digestion and absorp-
tion are similar in chickens and humans.

“It is possible that oils rich in oleic acid might hinder the 
body’s ability to reap the full nutritional benefits of EPA and 
DHA if consumed along with fatty fish or omega-3 fatty acid 
supplements, such as fish oil capsules.” 

“This also could be occurring in people consuming a 
Mediterranean diet, in which oleic acid-rich olive oil is the prin-
cipal source of fat, and moderate to low amounts of fish are 
eaten,” he added.

Studies are underway to confirm this finding in laying hens 
with other oils that are rich in oleic acid, in order to demon-
strate that it is an “oleic acid effect” and not an effect that is 
specific for high-oleic soybean oil only.

“The importance of this research to the (egg) industry is 
that we have learned of a potential new hindrance to enrich-
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ing eggs with omega-3 fatty acids, and that information can be 
used when trying to develop the next generation of ‘designer’ 
eggs,” Elkin said.

Undergraduate student Alexandra Kukorowski, a Schreyer 
Honors Scholar, contributed to the research. The Pennsylvania 
Soybean Board and the Pennsylvania Poultry Industry Egg 
Research Check-Off Program supported this work.

Robert Elkin is a professor of avian nutritional biochemis-
try in the Department of Animal Science at The Pennsylvania 
State University, University Park, Pennsylvania, USA, where his 
research program has included avian amino acid nutrition and 
metabolism, nutritional utilization of sorghum grain, amino 
acid analysis of feedstuffs and physiological fluids by high-per-
formance liquid chromatography, nutritional/pharmacological 
reduction of egg cholesterol content, and, most recently, novel 
dietary approaches to enriching eggs and poultry meat with 
“heart healthy” very long-chain omega-3 fatty acids. Elkin is a 
member of the National Academies of Sciences, Engineering, 
and Medicine committee that will prepare the 10th revised edi-
tion of the Nutrient Requirements of Poultry report, and can be 
reached at rge3@psu.edu.  
 
Kevin Harvatine is an associate professor of nutritional physi-
ology in the Department of Animal Science, and Amy Duke is 
a media professional at Penn State’s College of Agricultural 
Sciences, University Park, Pennsylvania, USA.
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• Fennel seed oil contains compounds 
with interesting biochemical and 
pharmacological activities. 

• A comprehensive understanding of 
these compounds and their biological 
activities is needed to maximize 
potential applications. 

• This article provides an overview.

 Chemical composition  
   and biological activity of 
Foeniculum vulgare oilseed

Bouchra Sayed-Ahmad, T. Talou, A. Hijazi, Z. Saad, and O. Merah

Fennel (Foeniculum vulgare L.), an aromatic and medicinal plant that grows widely in arid and semi-
arid regions, has antimicrobial, antiviral, anti-inflammatory, antitumor, hepatoprotective, hypo-
glycemic, hypolipidemic, and memory-enhancing properties that are potentially useful in the 
pharmaceutical and pharmaceutical and healthcare industries [1]. Although fennel essential oils—
aromatic compounds that are distilled from various parts of the plant and have an oily texture but 
are not genuine oils—have been widely studied, little information is available on the biological 
activity of the edible oil from fennel seeds. Yet, fennel seeds, in addition to being a source of edible 
oil, also contain minerals, vitamins, and other highly nutritional and biologically important com-
pounds with potential applications in food and cosmetic applications [2, 3]. 

BIOACTIVE OILS
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For example, the edible oil contained in the fennel seeds 
is very rich in petrolelinic acid (C18: 1n12), a rare monounsat-
urated fatty acid and isomer of oleic acid which is used as a 
valuable raw material in the chemical industries. In 2014, the 
European Commission authorized the use of coriander oilseed 
as a novel food ingredient under Regulation (EC) No 258/97 of 
the European Parliament and of the Council [4]. 

CHEMICAL COMPOSITION 
OF FENNEL OILSEED
Fennel seed contains up to 20% of crude fat. This oil fraction 
contains monounsaturated fatty acid, mainly petroselinic acid 
(Table 1). Petroselinic acid (PA) is primarily metabolized and 
stored in the developing endosperm of plants in the Apiaceae 
family. PA’s anti-aging and anti-inflammatory properties, 
among other biological activities, make it an attractive ingre-
dient for cosmetic applications. In addition, oxidation of PA 
produces a mixture of lauric acid (a valuable compound in the 
detergent industries) and adipic acid (used mainly in the syn-
thesis of nylon polymer [1].) Linoleic acid (LA) is the second 
major component of fennel oils. An essential omega-6 fatty 
acid, LA is considered to be one of the most important polyun-
saturated fatty acids due to its role in the prevention of heart 
and vascular diseases [5]. Oleic, palmitic, stearic, linolenic, ara-
chidic, and other fatty acids have also been identified in fen-

nel oils, but at lower levels that vary based on genetic factors, 
seed maturity, storage conditions,and extraction method [2].

BIOLOGICAL ACTIVITY OF FENNEL OILSEED
The antioxidant capacity of fennel oilseed was mainly investi-
gated using free radical scavenging activity, which increased 
gradually with increasing oil concentration (Table 2). It has 
been reported that fennel oilseed exhibited significantly 
more radical scavenging activity (83%) than diethyl ether 
extract of fennel seed (72%), most likely because of the oil-
seed’s higher phenolic and flavonoid contents. In fact, the 
hydroxyl groups existing in the chemical structure of phenolic 
compounds from fennel oilseed can function as radical scav-
engers [7].

TABLE 1. The main fatty acids identified in F. vulgare oilseed 
[2,6]

Fatty acid (%)

Palmitic acid (C16:0) 4–5

Petroselinic acid (C18:1n12) 70–80

Oleic acid (C18:1n9) 5–22

Linoleic acid (C18:2n6) 12–54

TABLE 2. Biological activity of F. vulgare oilseed 

Activity Type of study Concentration Results Ref.

Antioxidant activity Radical scavenging activity (%) 200 μL/mL 87% [8]

Scavenging effect on DPPH (%) 4 µg/ml 83% [7]

Total polyphenol content – 169 µg CA/mg extract

Total flavonoid content – 23 µg quercetin/mg extract

Antimicrobial 
activity

MIC values 250 µg/ml Resistance against Bacillus subtilis,
Enterobacter cloacae

[9]

31.25 µg/ml Resistance against Alcaligenes faecalis,
Staphylococcus aureus,
Streptococcus pyogene

125 µg/ml Resistance against Acinetobacter lwoffi B,
Bacillus cereus,
Listeria monocytogenes,
Staphylococcus hominis

10 µg/ml Resistance against Aspergillus flavus,
Staphylococcus aureus

[10]

12.5 µg/ml Resistance against Candida albicans,
Escherichia coli

Antifungal activity MIC values 250 µg/ml Resistance against Candida albicans,
Aspergillus versicolor,
Penicillium brevicompactum,

[9]

500 µg/ml Resistance against Geotrichum candidum,
Cladosporium herbarum
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Foeniculum vulgare has been used for centuries in tra-
ditional medicine to cure numerous infectious disorders of 
bacterial origin [2]. Several studies have validated the plant’s 
antimicrobial and antifungal potentials (Table 2). Fennel seed 
oil inhibited the growth of most Gram-positive and Gram-
negative bacteria that were tested, including pathogenic 
strains, such as Acinetobacter lwoff, Bacillus cereus, Listeria 
monocytogenes, and Staphylococcus aureus, as well as sapro-
phytic strains, such as the probiotics Lactobacillus acidophilus 
and Streptococcus thermophiles. Fennel seed oil also exhibited 
strong antifungal activity against yeast (Candida albicans) and 
other fungi, such as Aspergillus versicolor and Cladosporium 
herbarum, among others) (Table 2). F. vulgare oilseed showed 
better antifungal activity against Aspegillus flavus and Candida 
albicans than fennel essential oil did, indicating that the oil-
seed comprises stronger antifungal agents than other extracts. 
This strong antimicrobial and pharmacological potential of fen-
nel oilseed confirmed its use in folk medicine as treatments for 
conjunctivitis, constipation, diarrhea, fever, flatulence, gastri-
tis, irritable colon, respiratory disorders, and skin diseases. The 
findings also suggest that F. vulgare could be a new medicinal 
source of natural antioxidant and antibacterial agents.  

Bouchra Sayed Ahmad is a graduate Ph.D. student at the Lebanese 
University and National Polytechnic Institute of Toulouse, who can 
be contacted at bouchra.sayed.ahmad@hotmail.com. 
 
Thierry Talou is a senior researcher at the Laboratory of 
Agroindustrial Chemistry and manager of FLAV LAB Toulouse, 
National Polytechnic Institute of Toulouse, who can be reached 
at thierry.talou@ensiacet.fr. 
 
Akram Hijazi is a professor and senior researcher for the 
Research Platform of Environmental Science, Department of 
Chemistry, Doctoral School of Science and Technology, Lebanese 
University in Hadath-Beirut, Lebanon, who can be contacted at 
hijazi_akram@hotmail.com.  
 
Zeinab Saad is a professor and former dean of the Doctoral 
School of Science and Technology and lecturer in the faculty of 
sciences, Lebanese University, Hadath-Beirut, Lebanon, who can 
be reached at zsaad2002@yahoo.com. 
 
Othmane Merah is an associate professor and lecturer of agro-
nomic sciences at the Unversity Paul Sabatier of Toulouse, and a 
senior researcher in the Laboratory of Agroindutrial Chemistry, 
National Polytechnic Institute of Toulouse, who can be reached 
at othmane.merah@ensiacet.fr. 
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Are cleaning products really  
as bad as smoking?

Laura Cassiday

A recent multi-center study from Europe on possible respiratory effects of cleaning received 
extensive media coverage, with headlines proclaiming, “Cleaning products are as bad for lungs 
as smoking a pack a day.” The study compared the lung function of people who never clean, 
people who clean only their own homes, and professional cleaners, while controlling for effects of 
smoking (Svanes, Ø., et al., http://dx.doi.org/10.1164/rccm.201706-1311OC, 2018). Critics claim 
the study design is flawed and does not establish a causal link between cleaning products and 
declining lung function.

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

“While the short-term effects of cleaning chemicals on 
asthma are becoming increasingly well documented, we lack 
knowledge of the long-term impact,” said principal investigator 
Cecile Svanes at the University of Bergen, in Norway, in a news 
release from the American Thoracic Society dated February 16, 
2018 (https://tinyurl.com/Thoracic-PR). “We feared that such 
chemicals, by steadily causing a little damage to the airways 
day after day, year after year, might accelerate the rate of lung 
function decline that occurs with age.”

The study took place in 22 centers across Norway, 
Denmark, Sweden, Germany, the United Kingdom, Spain, 
France, Italy, and Switzerland over a 20-year period. The study 
population included 6,230 participants with a mean age of 34 
years at baseline (1992–1994). The first follow-up occurred 
approximately 10 years later (1998–2002), and the second fol-
low-up was about 20 years later (2010–2012). At the first fol-
low-up, participants completed a questionnaire about their 
cleaning activities and use of cleaning agents. At baseline and 
at both follow-ups, lung function was examined by spirometry.

For the lung function studies, the researchers measured 
the forced expiratory volume in one second (FEV1), or the 
amount of air a person can forcibly exhale in one second, and 
the forced vital capacity (FVC), or the total amount of air a 
person can forcibly exhale. They found that the FEV1 declined 
by an average of 18.5 ml/year in women who did no clean-
ing activities, compared to 22.1 ml/year and 22.4 ml/year for 
women who cleaned at home and for professional cleaners, 

respectively. In addition, FVC declined more for the women 
who cleaned at home (13.1 ml/year) and for professional 
cleaners (15.9 ml/year) than for women who did not clean (8.8 
ml/year). Although the study group of male professional clean-
ers was small (57 participants), possibly limiting the conclu-
sions, there were no statistically significant differences in lung 
function among men who did not clean, cleaned at home, or 
were professional cleaners. There were also no differences in 
chronic airway obstruction in any of the exposure groups, male 
or female.

In questionnaires, study participants were also asked 
about their use of cleaning products. The researchers defined 
exposure categories as “not cleaning,” “at least one cleaning 
spray at least once per week,” and “at least one other clean-
ing product (not a spray) at least once per week.” In this anal-
ysis, women who did not clean had a decline in FEV1 of 18.7 
ml/year, compared with 22.0 ml/year for women who used 
a cleaning spray at least once per week and 22.9 ml/year for 
women who used another cleaning product at least once per 
week. The decline in FVC was 9.5 ml/year for women who did 
not clean, compared with 13.3 ml/year and 14.3 ml/year for 
women who used at least one spray or at least one other prod-
uct per week, respectively.

In their statistical analyses, the researchers controlled for 
differences in smoking, body mass index, and age at completed 
education (a proxy for socioeconomic status). As a reference, 
they compared the effects of smoking on lung function in this 
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population. “Pack-years” was calculated as the number of cig-
arettes per day times the years smoked, divided by 20. For 
example, a person who had smoked one pack of cigarettes (20 
cigarettes) per day for 10 years would have a value for pack-
years equal to 10.

The FEV1 of people who had never smoked declined at a 
rate of 21.1 ml/year, compared with 23.3 ml/year for people 
with 10–20 pack-years, and 27.2 ml/year for people with more 
than 20 pack-years. For FVC, there was a significant difference 
between never-smokers (11.8 ml/year) and those who smoked 
more than 20 pack-years (20.7 ml/year). In other words, heavy 
smokers (more than 20 pack-years) had a 6.1-ml/year greater 
decline in FEV1 and an 8.9-ml/year greater decline in FVC 
than never-smokers. In comparison, occupational cleaners 
had a 4.3-ml/greater decline in FEV1 and a 7.1-ml/year greater 
decline in FVC than people who did not clean. These changes in 
lung function were greater than for the 10–20 pack-year group, 
but less than for the 20 pack-year group. “The effect of occu-
pational cleaning was thus comparable to smoking somewhat 
less than 20 pack-years,” the authors conclude.

The researchers propose that cleaning products may 
affect lung function by repetitively irritating the mucus mem-
branes of the airways, causing inflammation and eventual 
remodeling of the airways. They also say that some cleaning 
agents might have sensitizing effects through a specific immu-
nological mechanism, or cause fibrotic or other interstitial 
changes in the lungs.

Not surprisingly, several cleaning industry groups 
have questioned the validity of the study. The American 
Cleaning Institute has called the comparison between clean-
ing and smoking “ludicrous” (Lovell, T., https://tinyurl.com/
CW-cleaning, 2018). The UK Cleaning Products Industry 
Association issued a statement criticizing the study. “The con-
trol group of 197 women (less than 10% of the total women) 
who say they do no cleaning, may simply contain more better 
off people who have healthier lifestyles—their slower decline 
of lung function may be linked to other lifestyle factors rather 
than the fact that they don’t do much cleaning,” said the trade 
body.

“It’s easy to sensationalize scientific research,” com-
mented AOCS member Alan Paine in AOCS’ online community 
inform|connect (www.informconnect.org) on April 5, 2018. 
“To say that some people who do a lot of cleaning have a simi-
lar lung function to habitual smokers is not the same as saying 
that cleaning is as dangerous as smoking. A simple observation 
can have many complex causes, and it’s very easy to be drawn 
to a conclusion that matches our prejudices.”

Others have criticized the study’s reliance on self-re-
ported data, which are notoriously prone to errors and bias. 
Furthermore, the study does not quantitate actual exposure 
or list the chemical type of cleaning products. In addition, the 
participants were classified in groups based on their cleaning 
activities between baseline and the first follow-up (10 years), 
without considering cleaning activities over the second 10-year 
period. And finally, some critics are puzzled over the apparent 
lack of effects of cleaning on lung function in men, and the rel-
atively modest differences between women who clean in their 
home and women who are professional cleaners.

Are cleaning products really as bad as smoking? It’s possi-
ble, but this study does not show that. Even if the data showing 
a link between cleaning and decline of lung function are com-
pletely reliable, the study does not distinguish between the 
effects of cleaning products and other hazards. “It sounds rea-
sonable that if you breathe in a lot of sprays and volatile chem-
icals and come into contact with a lot of dust, dirt, and mold, 
then your lungs will be affected, but there’s clearly more work 
to do on this,” said Paine.

Olio is produced by Inform’s associate editor, Laura Cassiday. She 
can be contacted at laura.cassiday@aocs.org.
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obstruction.” Am. J. Respir. Crit. Care Med. Published 
online February 16, 2018. http://dx.doi.org/10.1164/
rccm.201706-1311OC
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Even in an organization fi lled with scientists, fi nding and 
connecting with new colleagues who share your disci-
pline can be a daunting task. At AOCS, volunteering with a 
Division is a good way to start.

When Jill Moser, Research 
Chemist and Lead Scientist 
at the US Department of 
Agriculture’s Agricultural 
Research Service (ARS), 
joined AOCS, she was 
both a new member of the 
Society and a new scien-
tist at ARS. According to 
Moser, she wanted to get 
to know people and make 
connections. Her colleagues 
encouraged her to volunteer 
for the Lipid Oxidation and 
Quality (LOQ) Division because the interests of the Division 
most closely aligned with her research project.

Moser fi rst volunteered as a Member-at-Large for the LOQ 
Division. Since then, she has held the positions of Division 
Council Representative, Annual Meeting Program Division 
Representative and Secretary/Treasurer. In addition, Moser 
has volunteered on the Editorial Advisory Board of INFORM 
magazine and as the George Schroepfer Medal Canvassing 
Chair. She currently serves as a Senior Associate Editor for 
the Journal of the American Oil Chemists’ Society (JAOCS).

“Volunteering for AOCS has helped me to develop profes-
sional contacts and collaborations and has enabled me 
to develop and hone leadership and organizational skills. 
Most importantly, as a scientist, the opportunity to share 

my research and learn about new research, technologies, 
ideas and perspectives from other members in academics 
and industry has been one of the most enriching experi-
ences,” according to Moser.

However, volunteering does bring challenges. For Moser, 
the most challenging aspect has been juggling work time 
with volunteering, but she has found both the experience 
and results of volunteering to be rewarding. Moreover, she 
has found plenty of support and willingness to help from 
other members of her Division, including some very active 
student members, and AOCS in general. 

As far as choosing the most positive aspect of volunteering 
— that is also a challenge.

“I have enjoyed making contributions to JAOCS and the 
LOQ Division, and my professional career and my knowl-
edge in the fi eld have benefi tted immensely.”

Most of all, the LOQ Division and other volunteering oppor-
tunities have given her a sense of community with fellow 
scientists.

“I think what I have enjoyed most are the friendships and 
comraderies that have developed with people near and far. 
I defi nitely feel that volunteering has helped enable me to 
experience that aspect of membership.”

How AOCS volunteer roles helped one 
member to connect, innovate and grow

Want to get involved? Email janet.brown@aocs.org or visit aocs.org/volunteer to learn more. 

Where to get involved?
● 11 Divisions: Analytical • Biotechnology • Edible 

Applications Technology • Health and Nutrition 
• Industrial Oil Products • Lipid Oxidation and 
Quality • Phospholipid • Processing • Protein and 
Co-Products • Surfactants and Detergents

● 7 Sections: Asian • Australasian • Canadian 
• China • European • India • Latin American

● 3 Common Interest Groups: Young Professional 
• Professional Educator • Student

● 3 AOCS journals: Journal of the American Oil 
Chemists’ Society • Lipids • Journal of Surfactants 
and Detergents

● Working Committees for awards, INFORM 
magazine and Lipid Library

How to get involved?
● Join a Division, Section or Common Interest Group 

— apply for leadership roles
● Organize a session for Annual Meeting
● Host a webinar about trending topics or professional 

development
● Apply to be a reviewer or content editor for an 

AOCS journal
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 Julie Miller

Disclosure leads to 
reformulation

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

California’s landmark cleaning products disclo-
sure law, the Cleaning Products Right to Know 
Act, was enacted in September 2017, after 
negotiation produced a compromise protecting 
confidential business information (CBI). Many 
industry representatives issued celebratory 
statements when it was signed. 

However, even its supporters realize the way the law 
interacts with Proposition 65 will effectively sharpen the 
older law’s teeth and force wholesale reformulation of clean-
ing products. In addition, the California law, and the prospect 
of other states following its lead, are causing industry lead-
ers to consider pushing for a national disclosure law, much as 
they came to support US Toxic Substances Control Act (TSCA) 
reform in the interest of heading off varying state regulation of 
chemicals.

”REAL-LIFE” EXAMPLES
Julie Froelicher, senior manager for regulatory and technical 
relations at Procter and Gamble, said the disclosure law was 

passed after a decade of attempts, as a result of a Democratic 
supermajority in the state legislature and companies like hers 
using ingredient disclosure as a competitive tool. The turning 
point, she said, was when NGOs began seriously considering 
the case for exempting CBI from disclosure.

The winning tactic, in Froelicher’s view, was companies 
presenting case studies of innovative products being brought 
to market after vast investments in research, such as a Tide 
product that cleans in cold water. WD40 “did a great job” in 
explaining the importance of its product remaining a “secret 
source,” while “a fragrance house explained that their whole 
business is innovative blends,” she noted.

“The NGOs were really listening and trying to get past 
their personal feelings,” Froelicher said. “The real-life exam-
ples were starting to click with them.” However, for many com-
panies, CBI protection is less important than the way the new 
law intersects with Proposition 65. 

FORCING REFORMULATION
Prop 65 requires that employees and consumers be warned 
when they are exposed to a chemical that is listed by the state 
as “known” to cause cancer or reproductive harm. It does not 
require all chemicals to be individually named on labels and 
offers an exemption if the amount in a product is below levels 
specified by the state for that chemical.

The new law requires that cleaning product labels 
disclose all ingredients included on certain hazardous 
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substance lists, among them all chemicals listed under Prop 65, 
with no minimum threshold. NGOs “would not budge” on this 
point, Froelicher said. 

Industry won a five-year delay in the effective date of 
this provision “to give companies time to reformulate out. As 
soon as you put a Prop 65 ingredient on the label, you have the 
bounty hunters coming after you,” she said, referring to the 
law’s “private enforcement” provisions.

Owen Caine, executive vice president for government 
relations and public policy at the Household and Commercial 
Products Association (HCPA), said this is a “tactical move” on 
the part of NGOs, which takes Prop 65 “where it was intended 
to go, getting companies to reformulate.”

Requiring disclosure of Prop 65 chemicals without a mini-
mum specified is the primary reason the American Chemistry 
Council (ACC) remained opposed to the disclosure legislation, 
said Karyn Schmidt, the organization’s senior director of regu-
latory and technical affairs. “I think it’s a very dangerous prece-
dent.” The ACC is especially concerned that the approach could 
be extended beyond cleaning products, where reformulation is 
not possible. 

STATES FOLLOWING SUIT
Caine said that five state legislatures are considering disclo-
sure legislation for at least one chemical sector and it is likely 
to come up in others. Maryland is debating a law identical to 
California’s, though without the key five-year delay. And New 
York officials may be poised to use authority they already have 
under an old law to require online ingredient disclosure, as 
they have been “threatening” for more than a decade. 

“If the idea of reporting down to 100ppm in your products 
made you squirm, in New York they are talking about 100 parts 
per billion or even 100 parts per trillion,” he said.

Caine added that it is especially worrisome when the 
debate moves from a legislative arena to that of regulation 
because it is more possible to open negotiations on legislation 
and “get a law passed where everyone is half happy with it.” 
However, duplicative legislation “can be dangerous”—even dif-
fering reporting forms are a hardship for companies. If states 
“get different ideas about ingredient exposure, we have a 
problem,” he said.

SHAMING DEVICES
Possible action by multiple states is one reason industry 
is weighing the idea of backing a national disclosure stan-
dard, presenters said. Another is growing pressure from 
NGOs and consumers. 

Laws like Prop 65 are “a public shaming device” to push 
companies away from legal chemical products, said James 
Votaw, a partner at Keller and Heckman. And NGOs are 
increasingly “using the marketplace” to accomplish the same 
objective. Caine agreed that companies were telling the 
Household & Commercial Products Association (HCPA) about 
pressures from investors.

When the Mind the Store coalition released its first report 
grading companies on their chemical policies, he said, it listed 
eight companies, but only Walmart had a chemical manage-
ment plan. “Within a year, those other seven companies had 
one in place.”

When the battle is fought on the field of public opinion, 
it almost inevitably turns on hazard-based determinations, 
rather than those that are risk-based that consider actual 
exposure, Schmidt noted. “I don’t think we have ever come up 
with a way to explain risk to the general public,” she said. 

Caine predicted that “relief will be needed soon” and 
industry will come to support a national disclosure law, just as 
it eventually came to the table to discuss TSCA reform.

“Before we can ever get federal legislation, we have to 
answer some tough questions,” he said. Industry needs to dis-
cuss what it thinks consumers and government have the ‘right 
to know,’ how information should be provided, and how the 
science behind disclosure rules should be validated.”

Julie Miller is a reporter for Chemical Watch. 
 
©2016. Reproduced from Chemical Watch by permission of CW 
Research Ltd. www.chemicalwatch.com

DID YOU KNOW? 
Chemical products that contain compounds refined 
from petroleum, such as household cleaners, pesti-
cides, paints, and perfumes, now rival motor vehi-
cle emissions as the top source of urban air pollution. 
A surprising US National Oceanic and Atomospheric 
Administration (NOAA)-led study published in the jour-
nal Science (McDonald, B., et al., Science 359: 760–764, 
2018, https://doi.org/10.1126/science.aaq0524) found 
that although people use about 15 times by weight more 
fuel than they do petroleum-based compounds in chem-
ical products, volatile organic compounds (VOCs) from 
chemical products are about twice as high as those from 
the transportation sector. 

“As transportation gets cleaner, those other sources 
become more and more important,” said lead author 
Brian McDonald, a Cooperative Institute for Research 
in Environmental Sciences scientist working in NOAA’s 
Chemical Sciences Division.”The stuff we use in our 
everyday lives can impact air pollution.” 

The disproportionate air quality impact of chemi-
cal product emissions is partly because of a fundamen-
tal difference between those products and fuels, said 
NOAA atmospheric scientist Jessica Gilman, a co-author 
of the new paper. “Gasoline is stored in closed, hope-
fully airtight, containers, and the VOCs in gasoline are 
burned for energy, but volatile chemical products used 
in common solvents and personal care products are lit-
erally designed to evaporate. You wear perfume or use 
scented products so that you or your neighbor can enjoy 
the aroma. You don’t do this with gasoline.”
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Leslie Kleiner

With trade agreements being popular in the news 
these days, I was curious about recent develop-
ments for a trade agreement between the EU and 
Mercosur. Negotiations for a trade agreement 
between these two parties have been in place for 
approximately 20 years (re-launched in the year 
2010, paused in 2012, and re-launched again in 
2016 [1]. With recent changes in administration in 
Argentina (one of four funding members of Mer-
cosur), hopes to conclude the negotiations were 
revitalized. However, as attempts to conclude the 
negotiations by end of 2017 failed, many questions 
regarding the conclusion of this agreement are still 
up in the air.

Q: What is the Mercosur  
Free Trade Agreement?  

Mercosur was established in 1991, and it is comprised by 
Argentina, Brazil, Paraguay, Uruguay, and Venezuela (which joined 
officially in 2012).  Also in 2012, the Protocol of Accession of Bolivia 
to Mercosur was signed and it is pending ratification from all 
Mercosur countries [1]. As of today, the EU has bilateral Partnership 
and Cooperation agreements with Argentina, Brazil, Paraguay, and 
Uruguay.

Q: What are the main topics discussed in the negotiations for 
EU- Mercosur agreement?

Some of the main topics include tariffs, rules of origin, techni-
cal barriers to trade, sanitary and phytosanitary measures, services, 
government procurement, intellectual property, sustainable devel-
opment, and small-and-medium sized enterprises [1]. These top-
ics are of importance because the EU is Mercosur’s largest trading 
partner, accounting for 21.8% total trade in the year 2016 [1]. More 
recently, in 2017,  Mercosur shipped US$49 billion worth of goods 
to the EU, while the EU exported US$50 billion worth of goods to 
Mercosur [2].

EU-Mercosur Free 
Trade Agreement

Latin America Update 
is a regular Inform 

column that features 
information about 

fats, oils, and related 
materials in that region.
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Q: What is the perception of this agreement by Mercosur 
and by EU, respectively? 

According to The Economist Intelligence Unit [2], Mercosur 
leadership understands that the trade with Europe needs to 
be more open; however there are concerns over some of the 
implications of doing so. For example, the impact of tariff cuts 
on domestic industry and employment are a concern. Similarly, 
countries such as France, Ireland, and Poland have also had 
protectionist views in sight of the competitively priced agricul-
tural products arising from Mercosur. Furthermore, specific 
items such as Mercosur’s exports of beef and methanol are 
also a concern to the EU, which wants to append reduced tar-
iffs to these exports when Mercosur wants to keep the tariffs 
at a higher rate.

Q:Is there a new deadline to conclude the agreement? 
With Brazil (largest member of Mercosur) undergoing 

presidential elections this coming October, there is an implicit 
window to address this treaty before the presidential elec-
tions are held. Although history has shown that formalizing this 
treaty can take a long time, it is good to remain hopeful that 
this can be achieved in the near future.

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.
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PATENTS
Cochleates made with soy 
phosphatidylserine
Mannino, R., et al., Matinas Biopharma Nanotechnologies, Inc., 
US9775907, October 3, 2017
 Unpurified or low pure soy phosphatidylserine is used to make 
cochleates. The cochleates contain about 40–74% soy phosphati-
dylserine, a multivalent cation and a biological active. A preferred 
cochleate contains the antifungal agent amphotericin B.

Stable, mildly acidic alcoholic milk-
and/or soy protein-based drink 
Van Dijk, J.H., et al., FrieslandCampina Nederland Holding BV, 
US9781941, October 10, 2017
 The present invention relates to a stable alcoholic milk and/or 
soy protein-based drink with a pH ranging from 5.2–6.5 compris-
ing at least one or more milk and/or soy proteins, alcohol, and one 
or more stabilizers. The invention also relates to a method for pre-
paring the drinks, comprising at least one or more milk and/or soy 
proteins, which method comprises: a) mixing at least a portion of 
the milk and/or soy proteins and at least a portion of the stabilizers 
in an aqueous medium to obtain a mixture; b) setting the pH of the 
mixture to 3.5–4.4; c) homogenizing the mixture obtained in step 
b) to obtain a homogenate; d) setting the pH of the homogenate to 
5.2–6.5; and e) mixing in the alcohol and optionally a residual por-
tion of the milk and/or soy proteins and of the stabilizers during or 
after one or more of steps a)-d).

Oil-and-fat composition and  
oil-in-water type emulsion containing 
oil-and-fat composition  
Andou, M., et al., The Nisshin Oillio Group, Ltd., US9781945, 
October 10, 2017
 Disclosed is a preferred oleaginous composition in an oil-in-
water type emulsifier used as whipped cream mainly in confection-
ary and bread manufacturing. Use of the oleaginous composition 
suppresses whipped cream property changes that occur because of 
temperature changes, substantially without containing trans-fatty 
acid thereby providing an oil-in-water emulsifier with an excellent 
melt-in-the-mouth property. Disclosed is the manufacturing of an 
oil-in-water type emulsifier using an oleaginous composition con-
taining a lauric acid content of 10–30% by weight and a triglyceride 
content of 30–55% by weight whose total carbon number is 44–48 
of fatty-acid residue that composes the triglyceride, and contain-
ing a lauric-type oleo that contains interesterified fat with an iodine 
value of 30–50 and a lauric acid content of 40% by weight.

Glycerophospholipids for the 
improvement of cognitive functions 
Ben Dror, G., et al., Enzyomtec Ltd., US9782487, October 10, 2017
 The invention described herein provides a preparation com-
prising a non-mammalian derived mixture of serine glycerophos-
pholipid conjugates with a specific content and specific conjugation 
patterns of LA, linolenic acid (alpha-linolenic acid, gamma-lin-
olenic acid), DHA, and EPA which depend on utilizing different 
sources of lipids, and uses of such preparations.

Biodiesel fuel production, separation 
methods, and systems 
Vander Hoff, M., et al., Smartflow Technologies, Inc., US9783750, 
October 10, 2017
 The present invention provides for a method for treatment of 
fats, oils, and grease (FOG) for separation of target products and/or 
the efficient production of biodiesel while reducing disposal of solid 
or liquid waste matter into landfills or water treatment facilities.

Conveyor lubricants including emulsion 
of a lipophilic compound and an 
emulsifier and/or an anionic surfactant 
and methods employing them
Seemeyer, S., et al., Ecolab USA Inc., US9783760, October 10, 2017
 The present invention relates to conveyor lubricant compo-
sitions including an emulsion of a lipophilic compound and also 
including an emulsifier and/or an anionic surfactant. The present 
invention also relates to methods employing such lubricant com-
positions. In an embodiment, the method includes applying the 
present lubricant composition to a conveyor with a non-energized 
nozzle.

Method of removing a contaminant 
from a contaminant-containing 
biological composition useful as a 
biofuel feedstock 
Guay, P., et al., REG Synthetic Fuels, LLC, US9783763, October 
10, 2017
 Biological compositions containing animal fats and plant oils 
desirably are free of contaminants prior to processing into a biofuel. 
Disclosed herein is a method of removing such contaminants from 
these compositions to make that processing more efficient. The 
method employs a unique arrangement of mixers and centrifuges 
along with acidic solutions and recycle streams to remove these 
contaminants from the compositions.
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Methods of treating arthritis 
Hong, K., et al., TLC Biopharmaceuticals, Inc. and Taiwan L. Co., 
Ltd., US9789062, October 17, 2017
  The present invention provides methods of treating arthri-
tis. A sustained release composition comprising liposomes and one 
or more therapeutic agent or a pharmaceutically acceptable salt 
thereof is administered to a subject in need thereof. The liposomes 
may be in an aqueous suspension. The sustained release composi-
tion can be administered intraarticularly.

Compositions and methods 
comprising medium-chain 
triglycerides for treatment of epilepsy 
Pan, Y., et al., Nestec SA, US9789079, October 17, 2017
 The invention provides compositions and methods for treat-
ment of epilepsy in an animal. In one embodiment, a dietary 
regime suitable for enhancing the effect of an anti-epileptic drug 
(AED) in an animal can comprise a food composition comprising 
a medium-chain triglyceride (MCT) and the AED, wherein the 
MCT is present in the food composition in an effective amount for 
enhancing the effect of the AED when the food composition and 
the AED are administered to the animal.

Continuous process of oxidative 
cleavage of vegetable oils 
Bieser, A., et al., Novamont S.p.A., US9790160, October 17, 2017
 A continuous process for the oxidative cleavage of vegeta-
ble oils containing triglycerides of unsaturated carboxylic acids, 
to obtain saturated carboxylic acids, comprising feeding to a first 
continuous reactor a vegetable oil, an oxidizing compound and 
catalyst capable of catalyzing the oxidation reaction of the olefinic 
double bond to obtain an intermediate compound containing vici-
nal diols: feeding to a second continuous reactor said intermediate 
compound, a compound containing oxygen and a catalyst capable 
of catalyzing the oxidation reaction of the vicinal diols to carbox-
ylic groups, to obtain saturated monocarboxylic acids (i) and tri-
glycerides containing saturated carboxylic acids with more than 
one acid function (ii); separating the saturated monocarboxylic 
acids (i) from the triglycerides (ii); hydrolyzing in a third reactor 
the triglycerides (ii) to obtain glycerol and saturated carboxylic 
acids with more than one acid function; and purifying said satu-
rated carboxylic acids by fractioned crystallization by means of 
wash column (melt crystallization).

Vinyl substituted fatty acids 
Freeman, B.A., et al., Complexa, Inc. and University of Pittsburgh, 
US9790167, October 17, 2017
 Activated fatty acids, pharmaceutical compositions includ-
ing activated fatty acids, methods for using activated fatty acids to 
treat a variety of diseases, and methods for preparing activated fatty 
acids are provided herein.

High-density diamondoid fuels  
from renewable oils, triglycerides,  
and fatty acids
Harvey, B.G., The United States of America, US9790445, October 
17, 2017
 A method for making high-density fuels including, heating 
a renewable plant oil, triglyceride, or fatty acid with at least one 
first acid catalyst to generate a first mixture of alkyladamantanes, 
increasing reaction time or adding at least one second catalysts to 
a first mixture of alkyladamantanes to produce a second alkylad-
amantane mixture, separating methyl, ethyl, propyl, and/or butyl 
adamantanes from a second alkyladamantane mixture to produce a 
third adamantane mixture to produce fuels.

Compositions containing alkyl sulfates 
and/or alkoxylated alkyl sulfates and a 
solvent comprising a diol  
Scheibel, J.J., et al., The Procter & Gamble Co., US9790454, 
October 17, 2017
 The present invention relates generally to compositions con-
taining an anionic surfactant selected from the group consisting of 
alkyl sulfates, alkoxylated alkyl sulfates, and mixtures thereof, and 
a solvent, particularly a solvent comprising one or more diols.

Dielectric fluid compositions for 
enhanced thermal management  
 Han, S.J. et al., Dow Global Technologies LLC, US9793027, 
October 17, 2017
 A dielectric fluid composition for electrical apparatus com-
prises a functionalized 12-hydroxy stearic acid having desir-
able properties including a pour point less than −30°C and a fire 
point greater than 250°C. It may be prepared by a process wherein 
12-hydroxy methyl stearate is transesterified by reaction with a 
C3-C20 alcohol to form an alkyl-12-hydroxy stearate, followed by 
esterification thereof with a linear or branched C4-C20 carboxylic 
acid. This acid may be a free acid chloride, a fatty acid, a carboxylic 
acid anhydride, or combination thereof. The resulting function-
alized 12-hydroxy stearic acid exhibits improved thermoxidative 
capability, low temperature flowability, and increased fire point.

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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Fatty acid profiles in sunflower grains during storage in differ-
ent environments
Portela de Carvalho, C.G., et al.

Synthesis of (R)- and (S)-ricinoleic acid amides and evaluation 
of their antimicrobial activity
Matysiak, S., J. Zabielska, J. Kula, and A. Kunicka-Styczyńska

Biolubricant production of 2-ethylhexyl palmitate by transes-
terification over unsupported potassium carbonate
Zheng, T., et al.

Highly efficient synthesis of hydrophilic phytosterol derivatives 
catalyzed by ionic liquid
He, W.-S., et al.

Liposome microencapsulation for the surface modification and 
improved entrapment of cytochrome c for targeted delivery
Kajimoto, K., T. Katsumi, T. Nakamura, M. Kataoka, and H. 
Harashima

LIPIDS
https://onlinelibrary.wiley.com/toc/15589307/free-sample

REVIEW

Lipidomic analysis: from 
archaea to mammals
Řezanka, T., I. Kolouchová, L. 
Gharwalová, A. Palyzová, and 
K. Sigler

ORIGINAL ARTICLES

Human liver fatty acid bind-
ing protein-1 T94A variant, 
nonalcohol fatty liver dis-
ease, and hepatic endocan-
nabinoid system
Martin, G.G., et al.
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Read and share AOCS  
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JOURNAL OF THE AMERICAN OIL 
CHEMISTS’ SOCIETY (JAOCS)
https://onlinelibrary.wiley.com/toc/15589331/free-sample

REVIEW

Egg yolk as means for 
providing essential and 
beneficial fatty acids
Shinn, S.E., A. Proctor, and 
J.I. Baum

ORIGINAL ARTICLES

A rapid method for simulta-
neous analysis of lignan and 
γ-tocopherol in sesame oil 
by using normal-phase liquid 
chromatography
Shi, L.-K., et al. 

Identification of n-6 Monounsaturated Fatty Acids in Acer 
Seed Oils
Sun, J.-Y., X.-K. Wang, and M.A. Smith

Efficient and response surface optimized aqueous enzymatic 
extraction of Camellia oleifera (tea seed) oil facilitated by con-
current calcium chloride addition
Meng, X., et al.

The Interaction of the soybean seed high oleic acid oil trait 
with other fatty acid modifications
Bilyeu, K., et al. 

Crystallization behavior of molecular compound in binary 
mixture system of 1,3-Dioleoyl-2-Palmitoyl-sn-glycerol and 
1,3-dipalmitoyl-2-oleoyl-sn-glycerol
Nakanishi, K., Y. Mikiya, T. Ishiguro, and S. Ueno
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Siphonaxanthin, a carotenoid from green algae, inhibits lipo-
genesis in hepatocytes via the suppression of liver X receptor 
α activity
Zheng, J., et al. 

Curcumin attenuates lipopolysaccharide-induced hepatic lipid 
metabolism disorder by modification of m6A RNA methylation 
in piglets 
Lu, N., et al.

Divergent response of murine and porcine adipocytes to stim-
ulation of browning genes by 18-carbon polyunsaturated fatty 
acids and beta-receptor agonists 
Shin, S. and K. M. Ajuwon

Short-chain fatty acids enhance the lipid accumulation of 3T3-
L1 cells by modulating the expression of enzymes of fatty acid 
metabolism 
Yu, H., R. Li, H. Huang, R. Yao, and S. Shen

Profiling and Imaging of phospholipids in brains of Abcd1-
deficient mice 
Hama, K., et al. 

Ultra-performance liquid chromatography-mass spectrome-
try analysis of free and esterified oxygenated derivatives from 
docosahexaenoic acid in rat brain
Jouvène, C., et al.

New insights into the anti-inflammatory and antioxidant prop-
erties of nitrated phospholipids
Tânia Melo, et al.

METHODS

Adapted MS/MSALL shotgun lipidomics approach for analysis of 
cardiolipin molecular species
Gao, F., et al.

JOURNAL OF SURFACTANTS 
AND DETERGENTS (JSD)
https://onlinelibrary.wiley.com/toc/15589293/free-sample

ORIGINAL ARTICLES

Controlled release character-
istics of aqueous PEO-PPO-
PEO micelles with added 
malachite green, erythrosin, 
and cisplatin determined by 
UV–visible spectroscopy
Thompson, A.L., A.N. Ball, 
and B.J. Love

Development of bigels based 
on stearic acid–rice bran oil 
oleogels and tamarind gum 
hydrogels for controlled 
delivery applications
Paul, S.R., et al.

Insights into molecular interaction of antitumor drug mitoxan-
trone with anionic surfactant sodium dodecyl sulfate at differ-
ent temperatures
Enache, M. and A.M. Toader

Synthesis, characterization and evaluation of surface and ther-
mal properties of 3-cyclohexyloxy-2-hydroxypropyl pyridinium 
and imidazolium surface-active ionic liquids
Aggarwal, R. and S. Singh

Micellar properties of surface active ionic liquid lauryl isoquin-
olinium bromide and anionic polyelectrolyte poly(acrylic acid 
sodium salt) in aqueous solution
Pal, A. and R. Maan

Studies on micellar behavior of PEO-PBO or PEO-PBO-PEO 
copolymers, or surface active amphiphilic ionic liquids in aque-
ous media and exploration of the micellar solutions for solubili-
zation of dexamethasone and its delayed release
Sastry, N.V., D. K. Singh, and P.A. Trivedi

Micellization of anionic sulfonate gemini surfactants and their 
interactions with anionic polyacrylamide
Wang, R., H. Yan, W. Hu, Y. Li, and Z. Mei

Antimicrobial and cytotoxic properties of bisquaternary 
ammonium bromides of different spacer length
Łudzik, K., et al. 

Evaluation of soy lecithin as eco-friendly biosurfactant clath-
rate hydrate antiagglomerant additive
Saikia, T. and V. Mahto

Characterization of biosurfactant produced by a novel strain of 
Pseudomonas aeruginosa, isolate ADMT1
Tiwary, M. and A.K. Dubey

Ratiometric interactions of anionic surfactants with calf thy-
mus DNA bound cationic surfactants: study II 
Chaudhuri, T., A. Pan, S. Das, and S.P. Moulik

Nuclear magnetic resonance investigation of the effect of 
pH on micelle formation by the amino acid-based surfactant 
undecyl L-phenylalaninate
Rothbauer, G.A., et al. 

Application of nano-polymer emulsion for inhibiting shale 
self-imbibition in water-based drilling fluids
Xu, J.-g., et al.

A zwitterionic surfactant bearing unsaturated tail for enhanced 
oil recovery in high-temperature high-salinity reservoirs
Kamal, M.S., S. M.S. Hussain, and L.T. Fogang

SHORT COMMUNICATION

Alkylaromatics in detergents manufacture: modeling and opti-
mizing linear alkylbenzene sulfonation
Dolganova, I., I. Dolganov, E. Ivanchina, and E. Ivashkina
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EXTRACTS & 
DISTILLATES

The full version of all AOCS journal articles are available online 
to members at https://www.aocs.org/account/login?retur-
nurl=https://www.aocs.org/personify-pages/my-account/
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Using fluorescence spectroscopy 
to identify milk from grass-fed 
dairy cows and to monitor its 
photodegradation
Bhattacharjee, U., et al., J. Agric. Food Chem. 66: 2168–2173, 
2018, https://doi.org/10.1021/acs.jafc.7b05287.
 This fantastic and speedy analytical technique, simple but ele-
gant, answers a complicated question with ease and simplicity.
 Owing to its high ω-3 fatty acid content, milk from grass-fed 
dairy cows is becoming increasingly more attractive to consumers. 
Consequently, it is important to identify the origins of such prod-
ucts and to measure their content, at least relative to some stan-
dard. To date, chromatography has been the most extensively used 
technique. Sample preparation and cost, however, often reduce its 
widespread applicability. Here, we report the effectiveness of flu-
orescence spectroscopy for such quantification by measuring the 
amount of chlorophyll metabolites in the sample. Their content is 
significantly higher for milk from grass-fed cows compared to milk 
from grain/silage-fed cows. It is 0.11–0.13 μM in milk samples 
from grass-fed cows, whereas in milk from cows fed grain/silage 
rations, the concentration was 0.01–0.04 μM. In various organic 
milk samples, the chlorophyll metabolite concentration was in the 
range of 0.07–0.09 μM. In addition, we explored the mechanisms 
of photodegradation of milk. Riboflavin and chlorophyll metabo-
lites act as photosensitizers in milk for type-I and type-II reactions, 
respectively. It was also observed that the presence of high levels of 
chlorophyll metabolites can synergistically degrade riboflavin, con-
tributing to the degradation of milk quality.

Antioxidants: differing meanings in 
food science and health science
Yang, C.S., et al., J. Agric. Food Chem. 66: 3063–3068, 2018,  
https://doi.org/10.1021/acs.jafc.7b05830.
 “Antioxidant” is a term commonly used in food science to 
describe compounds that block lipid peroxidation and other oxida-
tive reactions, thereby maintaining freshness and prolonging the 

shelf lives of food products. Dietary antioxidants and antioxidant 
supplements are lauded as quenching reactive oxygen species and 
preventing different chronic diseases, but strong evidence for their 
beneficial effects is lacking. In addition to the essential antioxidant 
nutrients, vitamins E and C, there are several well-designed antioxi-
dant and cytoprotective enzyme systems in the human body, which 
are more important than dietary non-nutrient antioxidants. At 
high concentrations, many antioxidants could act as pro-oxidants, 
increasing oxidative stress and inducing toxicity.

Biochemometrics to identify 
synergists and additives from 
botanical medicines: a case study with 
Hydrastis canadensis (goldenseal)
Britton, E.R., et al., J. Nat. Prod. 81: 484–493, 2018,  
https://doi.org/10.1021/acs.jnatprod.7b00654.
 A critical challenge in the study of botanical natural products 
is the difficulty of identifying multiple compounds that may con-
tribute additively, synergistically, or antagonistically to biologi-
cal activity. Herein, it is demonstrated how combining untargeted 
metabolomics with synergy-directed fractionation can be effec-
tive toward accomplishing this goal. To demonstrate this approach, 
an extract of the botanical goldenseal (Hydrastis canadensis) was 
fractionated and tested for its ability to enhance the antimicrobial 
activity of the alkaloid berberine (4) against the pathogenic bac-
terium Staphylococcus aureus. Bioassay data were combined with 
untargeted mass spectrometry-based metabolomics data sets (bio-
chemometrics) to produce selectivity ratio (SR) plots, which visu-
ally show which extract components are most strongly associated 
with the biological effect. Using this approach, the new flavonoid 
3,3′-dihydroxy-5,7,4′-trimethoxy-6,8-C-dimethylflavone (29) was 
identified, as were several flavonoids known to be active. When 
tested in combination with 4, 29 lowered the IC50 of 4 from 132.2 
± 1.1 μM to 91.5 ± 1.1 μM. In isolation, 29 did not demonstrate 
antimicrobial activity. The current study highlights the importance 
of fractionation when utilizing metabolomics for identifying bio-
active components from botanical extracts and demonstrates the 
power of SR plots to help merge and interpret complex biological 
and chemical data sets.

Phenanthrenes: a promising group of 
plant secondary metabolites
Tóth, B., et al., J. Nat. Prod. 81: 661–678, 2018, 
 https://doi.org/10.1021/acs.jnatprod.7b00619.
 Although phenanthrenes are considered to constitute a 
relatively small group of natural products, discovering new 
phenanthrene derivatives and evaluating their prospective bio-
logical activities have become of great interest to many research 
groups worldwide. Based on 160 references, this review covers 
the phytochemistry and pharmacology of 213 naturally occur-
ring phenanthrenes that have been isolated between 2008 and 
2016. More than 40% of the 450 currently known naturally 
occurring phenanthrenes were identified during this period. The 
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family Orchidaceae is the most abundant source of these com-
pounds, although several new plant families and genera have 
been involved in the search for phenanthrenes. The presence of 
certain substituent patterns may be restricted to specific fami-
lies; vinyl-substituted phenanthrenes were reported only from 
Juncaceae plants, and prenylated derivatives occur mainly in 
Euphorbiaceae species. Therefore, these compounds also can 
serve as chemotaxonomic markers. Almost all of the newly iso-
lated compounds have been studied for their biological activities 
(e.g., potential cytotoxic, antimicrobial, anti-inflammatory, and 
antioxidant effects), and many of them showed multiple activi-
ties. According to the accumulated data, denbinobin, with a novel 
mechanism of action, has great potential as a lead compound for 
the development of a new anticancer agent.

Natural products as sources of new 
drugs from 1981 to 2014
Newman, D.J. and G.M. Cragg, J. Nat. Prod. 79: 629–661, 2016, 
https://doi.org/10.1021/acs.jnatprod.5b01055.
 Data from this series of periodic reviews updating the contri-
butions of natural products to drug discovery research shows that 
the use of natural products in drug discovery is as important today 
as it was many years ago. With new technologies and computing 
power, this trend not only will continue but also has the potential 
to yield many more drugs with natural products as a source of the 
basic scaffold. Big pharma may ignore this trend at its own peril, 
while small- to mid-size will be more open to lead the trend and 
reap the rewards.
 This is a completely updated and expanded version of the 
four prior analogous reviews that were published in this journal 
in 1997, 2003, 2007, and 2012. In the case of all approved thera-
peutic agents, the time frame has been extended to cover the 34 
years from January 1, 1981, to December 31, 2014, for all diseases 
worldwide, and from 1950 (earliest so far identified) to December 
2014 for all approved antitumor drugs worldwide. As mentioned 
in the 2012 review, we have continued to utilize our secondary 
subdivision of a “natural product mimic”, or “NM”, to join the 
original primary divisions and the designation “natural product 
botanical”, or “NB”, to cover those botanical “defined mixtures” 
now recognized as drug entities by the U.S. FDA (and similar 
organizations). From the data presented in this review, the utili-
zation of natural products and/or their novel structures, in order 
to discover and develop the final drug entity, is still alive and 
well. For example, in the area of cancer, over the time frame from 
around the 1940s to the end of 2014, of the 175 small molecules 
approved, 131, or 75%, are other than “S” (synthetic), with 85, or 
49%, actually being either natural products or directly derived 
therefrom. In other areas, the influence of natural product struc-
tures is quite marked, with, as expected from prior information, 
the anti-infective area being dependent on natural products and 
their structures. We wish to draw the attention of readers to the 
rapidly evolving recognition that a significant number of natu-
ral product drugs/leads are actually produced by microbes and/
or microbial interactions with the “host from whence it was iso-
lated,” and therefore it is considered that this area of natural prod-
uct research should be expanded significantly.

Effect of tea products on the in vitro 
enzymatic digestibility of starch
Zhang, H., et al., Food Chem. 243: 345–350, 2018,  
https://doi.org/10.1016/j.foodchem.2017.09.138.
 The importance of postprandial hyperglycemia in the treat-
ment of diabetes has been recognized recently. Tea products, such 
as tea polyphenols (TP), epigallocatechin gallate (EGCG), matcha, 
and instant tea, were chosen as constituents of tea-flour food, aimed 
at regulating the release of glucose from starchy foods in the post-
prandial period. Six starches were chosen for internal composition 
analysis and hydrolysis studies in vitro. Corn starch, wheat starch, 
and lily root flour appeared to have higher resistant starch content, 
slower digestion profiles, and lower kinetic constants, implying 
sustained release of glucose in the gastrointestinal tract. The effect 
of tea products on starch digestion was determined in order to get 
a desired formulation of dietary product for patients with hyper-
glycemia. Compared with macha and instant tea, TP and EGCG 
exerted greater inhibition of amylase and amyloglucosidase, espe-
cially for corn starch with 0.5% TP or 0.5% EGCG.

Elusive chemistry of hydrogen sulfide 
and mercaptans in wine
Ferreira, V., et al., J. Agric. Food Chem. 66: 2237–2246, 2018, 
https://doi.org/10.1021/acs.jafc.7b02427.
 This paper summarizes, discusses, and complements recent 
findings about the fate of H2S and methanethiol (MeSH) during 
wine storage. Analytical assays to determine free volatile sulfur 
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compounds (VSCs) and brine-releasable (BR-) VSCs in combina-
tion with accelerated reductive (AR) aging and micro-oxygenation 
(MOX) assays allow characterizing the different categories of spe-
cies able to produce H2S and MeSH and the processes of intercon-
version. Each wine seems to contain a specific total amount of H2S 
and MeSH distributed into free, metal-complexed, and oxidized 
forms (di and polysulfides) interconnected through reversible 
redox equilibria whose external expression is wine redox poten-
tial. Oxidation transforms all mercaptans likely into nonvola-
tile disulfides and hydrodisulfides. In anoxia, these molecules are 
spontaneously and quantitatively reduced back. The concomitant 
accumulation of major wine thiols would provoke complex disso-
ciation and the release of free H2S and MeSH. Additionally, total 
amounts can increase due to the metal-catalyzed desulfhydration 
of cysteine and methionine.

Inhibition of oral pathogens adhesion 
to human gingival fibroblasts by wine 
polyphenols alone and in combination 
with an oral probiotic
Esteban-Fernández, A., et al., J. Agric. Food Chem. 66: 2071–2082, 
2018, https://doi.org/10.1021/acs.jafc.7b05466.
 Several benefits have been described for red wine polyphenols 
and probiotic strains in the promotion of colonic metabolism and 
health. On the contrary, knowledge about their role in the manage-
ment of oral health is still scarce. In this work, the antiadhesive capac-
ity of selected red wine polyphenols and oenological extracts against 
the oral pathogens Porphyromonas gingivalis, Fusobacterium nuclea-
tum, and Streptococcus mutans in an in vitro model of human gingival 
fibroblasts has been explored as well as their complementary action 
with the candidate oral probiotic Streptococcus dentisani. Results 
highlighted the antiadhesive capacity of caffeic and p-coumaric acids 
as well as grape seed and red wine oenological extracts. Both, caffeic 
and p-coumaric acids increased their inhibition potential against 
S. mutans adhesion when combined with S. dentisani. Additionally, 
UHPLC–MS/MS analysis demonstrated the oral metabolism of 
wine phenolics due to both, cellular and bacterial activity.

Identification and quantification of 
avenanthramides and free and bound 
phenolic acids in eight cultivars of 
husked oat (Avena sativa L.) from 
Finland
Multari, S., et al., J. Agric. Food Chem. 66: 2900–2908, 2018,  
https://doi.org/10.1021/acs.jafc.7b05726.
 Finland is the second largest oat producer in Europe. Despite 
the existing knowledge of phenolics in oat, there is little informa-
tion on the phenolic composition of oats from Finland. The aim of 
the study was to investigate the concentrations of free and bound 
phenolic acids, as well as avenanthramides in eight Finnish culti-
vars of husked oat (Avena sativa L.). Seven phenolic acids and one 

phenolic aldehyde were identified, including, in decreasing order 
of abundance: p-coumaric, ferulic, cinnamic, syringic, vanillic, 
2,4-dihydroxybenzoic, and o-coumaric acids and syringaldehyde. 
Phenolic acids were mostly found as bound compounds. Significant 
varietal differences (p < 0.05) were observed in the cumulative con-
tent of phenolic acids, with the lowest level found in cv. “Viviana” 
(1202 ± 52.9 mg kg–1) and the highest in cv. “Akseli” (1687 ± 80.2 
mg kg–1). Avenanthramides (AVNs) 2a, 2p, and 2f were the most 
abundant. Total AVNs levels ranged from 26.7 ± 1.44 to 185 ± 12.5 
mg kg–1 in cv. “Avetron” and “Viviana,” respectively.

Vertebrate bitter taste receptors: keys 
for survival in changing environments
Behrens, M. and W. Meyerhof, J. Agric. Food Chem. 66: 2204–2213, 
2018, https://doi.org/10.1021/acs.jafc.6b04835.
 Research on bitter taste receptors has made enormous progress 
during recent years. Although in the early period after the discovery 
of this highly interesting receptor family special emphasis was placed 
on the deorphanization of mainly human bitter taste receptors, the 
research focus has shifted to sophisticated structure–function anal-
yses, the discovery of small-molecule interactors, and the pharmaco-
logical profiling of nonhuman bitter taste receptors. These findings 
allowed novel perspectives on, for example, evolutionary and ecologi-
cal questions that have arisen and that are discussed.

Development of a method based on 
natural deep eutectic solvents for 
extraction of flavonoids from food 
samples
Bajkacz, S. and J. Adamek, Food Anal. Methods 11: 1330–1344, 
2018, https://doi.org/10.1007/s12161-017-1118-5.  
 Natural deep eutectic solvents (NADES) are promising green 
solvents for the extraction of compounds from natural products. 
This is the first study to use a sample preparation method based 
on NADES for the extraction of flavonoids (rutin, hesperidin, 
neohesperidin, naringenin, naringin, quercetin, hesperetin, and 
chrysin) from fruits, vegetables, and spices. In total, 17 types of 
NADES based on choline chloride, acetylcholine chloride, choline 
tartrate, betaine, and carnitine with different compositions were 
tailored to test their extraction efficiency. Operational conditions 
such as water content in NADES and liquid/solid ratios were also 
studied. A response surface methodology was used for multivar-
iate optimization of some extraction parameters. Efficient recov-
ery of extracted flavonoids (higher than 70%) was achieved using a 
30% water solution of acetylcholine chloride/lactic acid ratio (2:1) 
as an extraction solvent. Other conditions for SLE-NADES were 
as follows: liquid/solid ratio 3:1, extraction temperature 60°C, 
extraction time 30 min, and stirring speed 1400 rpm. Each extract 
was analyzed by UHPLC with UV and MS/MS detection. The 
developed method was applied for analysis of flavonoids in fruits 
(cranberry, fruits of Lycium barbarum L., grape, plum, and orange 
peel), vegetables (onion and broccoli), and spices (mustard, rose-
mary, and black pepper).
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Antioxidant activity and apoptotic 
induction as mechanisms of action of 
Withania somnifera (Ashwagandha) 
against a hepatocellular carcinoma 
cell line
Ahmed, W., et al., J. Int. Med. Res. 46: 1358–1369, 2018,  
https://doi.org./10.1177/0300060517752022. 
 To evaluate the antioxidant and apoptotic inductive effects 
of Withania somnifera (Ashwagandha) leaf extract against a hepa-
tocellular carcinoma cell line. After treating HepG2cells with 
Ashwagandha water extract (ASH-WX; 6.25 mg/ml–100 mg/
ml), cell proliferation was assessed using a 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 
Antioxidant activities (total antioxidant, glutathione S-transferase 
and glutathione reductase), Fas-ligand level, tumour necrosis fac-
tor-α (TNF-α) level, and caspase-3, -8, and -9 activities were mea-
sured. Molecular modelling assessed the binding-free energies of 
Ashwagandha in the cyclin D1 receptor.The MTT assay demon-
strated increased cytotoxicity following treatment of HepG2 cells 
with ASH-WX compared with control untreated cells and the-
IC50was 5% (approximately 5.0 mg/ml). Antioxidant activities, 
Fas-ligand levels and caspase-3, -8, and -9 activities significantly 
increased, while TNF-α level significantly decreased follow-
ing ASH-WX treatment compared with control untreated cells. 
Molecular docking analysis revealed a good prediction of binding 
between cyclin D1 and Ashwagandha. There was significant accu-
mulation of ASH-WX-treated HepG2cells in the G0/G1 and G2/M 
phases compared with the control untreated cells. Ashwagandha 
could be a powerful antioxidant and a promising anticancer agent 
against HCC.

Berries extracts as natural antioxidants 
in meat products: a review
Manuel Lorenzo, J., et al., Food Res. Int. 106: 1095–1104, 2018,
https://doi.org/10.1016/j.foodres.2017.12.005.
 The aim was to evaluate antioxidants from berries as replace-
ment food additives for inhibition of lipid and protein oxidation in 
meat and meat products, since meats are highly susceptible to oxida-
tion. Oxidation can be delayed/retarded by synthetic antioxidants 
with phenolic structures (e.g., butylated hydroxytoluene). However, 
new natural alternatives are needed for synthetic antioxidants due to 
the controversy regarding their possible negative health effects and 
consumers’ demand for more “natural” food additives. Berries are a 
good source of phenolic compounds, especially anthocyanins, which 
can be used as the potential alternative. Reviewed berries included 
bearberry (Arctostaphylos sp.), blueberry (Vaccinium sp.), blackberry 
(Rubus sp.), blackcurrant (Ribes nigrum), cranberry (Vaccinium sp.), 
cloudberry (Rubus chamaemorus), strawberry (Fragaria ananassa), 
and grape berries (Vitis sp.). Data implied that blueberries, blackber-
ries, cranberries, and grapes can be useful for replacing/decreasing 
synthetic antioxidants in meat products. Their extracts have antiox-
idant polyphenols with health benefits that are useful for stabilizing 
meat products.

Antioxidant activity of rosemary 
essential oil fractions obtained by 
molecular distillation and their effect 
on oxidative stability of sunflower oil
Mezza, G.N., et al., Food Chem. 242: 9–15, 2018,
https://doi.org/10.1016/j.foodchem.2017.09.042.
 The objective of this study was to evaluate the antioxidant 
activity of rosemary essential oil fractions obtained by molecular 
distillation (MD) and investigate their effect on the oxidative sta-
bility of sunflower oil. MD fractions were prepared in a series of 
low-pressure stages where rosemary essential oil was the first feed. 
Subsequently, a distillate (D1) and residue (R1) were obtained and 
the residue fraction from the previous stage used as the feed for the 
next. The residue fractions had the largest capacity to capture free 
radicals, and the lowest peroxide values, conjugated dienes and 
conjugated trienes. The antioxidant activity of the fractions was due 
to oxygenated monoterpenes, specifically α-terpineol, and cis-sa-
binene hydrate. Oxidative stability results showed the residues 
(R1 and R4) and butylated hydroxytoluene had greater antioxi-
dant activity than either the distillate fractions or original rosemary 
essential oil. The residue fractions obtained by short path MD of 
rosemary essential oil could be used as a natural antioxidants by the 
food industry.

Effect of acid modification of 
soy glycinin on its interfacial and 
emulsifying properties
Abirached, C., et al., J. Am. Oil Chem. Soc., Early View, April 2018,
https://doi.org/10.1002/aocs.12003.
 Soybean glycinin [11S] was modified by an acidic pH treat-
ment to improve its emulsifying properties. Glycinin was obtained 
by isoelectric precipitation (11Sn) and then treated with acid 
(11St). The oil–water interfacial tension and rheology were mea-
sured. The rate constants of adsorption (ka) and rearrangement 
(kr) of proteins at the interface and the dilational (E), elastic (Ed), 
and viscous modulus (Ev) of the protein interfacial film were deter-
mined. Particle size distribution (PSD), interfacial protein concen-
tration (Γ), and the creaming destabilization rate constants ks (for 
the smaller droplets) and kl (for the larger droplets) were analyzed 
in oil-in-water emulsions (25% v/v of oil and 75% v/v of 1 mg/mL 
protein solution in 10 mM sodium phosphate buffers, pH 7.0 and 
2.5, respectively). Compared to the native protein, the acid treat-
ment caused irreversible denaturation of 11S and significantly 
increased Г, ka, E, Ed, and Ev (P ≤ 0.05), resulting in a greater rate 
of protein adsorption to the interface and a stronger interfacial film. 
PSD showed a bimodal distribution with peaks above and below 4 
μm. Smaller droplets moved toward smaller diameters for 11St. It 
also showed lower values of creaming destabilization constants ks 
(d ≤ 4 μm) and kl (d ≥ 4 μm) than 11Sn. In conclusion, acid treat-
ment of 11S enhances the creaming stability of its emulsions by 
improving the interfacial properties and reducing the droplet size.
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