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According to a world-wide economic analysis, if carbon emissions continue at their current rate, 
by 2100 the gross domestic products (GDPs) of all 174 countries studied will routinely suffer. A 
collaboration of economists from the University of Cambridge, UK; the University of Southern 
California, USA; the International Monetary Fund; and others, published their findings based on 
labor productivity data from 1960 to 2014 (https://www.nber.org/). They found, for example, 
that the United States faces a potential loss of 10.52% per year, Greece could experience 
a yearly loss of 12.21%, and Canada stands to lose 13.8%.

• Higher temperatures and carbon 
dioxide levels influence crop 
productivity.

• Research institutions and seed oil 
companies are investigating how 
environmental change affects crops like 
canola and soybean.

• The fate of agriculture is unknown, but 
scientists are finding solutions to ensure 
future global food security.

Agriculture at risk:  
              preparing the  
      oilseed industry for a  
   warmer world

Rebecca Guenard

 In a story for Olive Oil Times (https://www.oliveoiltimes.com), Kamiar 
Mohaddes, an economist at the University of Cambridge, explained that 
the study modeled changes in the distribution of weather patterns and 
deviations from average climate variables to determine their impact on 
productivity. “Deviations of climate variables (temperature and precip-
itation) from their historical norm affect labor productivity,” Mohaddes 
said. He says weather extremes postpone construction, interrupt supply 
chains, and disrupt agricultural activity. 
 Temperature trends from 1980 to 2008 reveal that most cropping 
regions and growing seasons around the world have deviated from their 
historical norms by more than one standard deviation, with the exception 
of the United States, where it is less (http://www.plantphysiol.org/). 
Average temperatures, measured globally at weather stations near 
important crops, have increased by 0.3°C each decade. Precipitation 
changes are not statistically significant, but drought extent and severity 
in parts of the world have increased. 
 Climate change causes faster crop development and shorter crop 
duration. Increased air saturation vapor pressure from higher tempera-
tures hampers moisture exchange between crop leaves and the atmo-
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sphere. Heat stress during reproductive periods leads to low 
crop yields. And a warmer, CO2-rich environment is more wel-
coming to pests and disease (see “Controlling insects”, page 11). 
 The world population is growing. To feed everyone living 
in a climate-altered future, agriculture must be as productive 
and nutritious as possible. There is currently no widespread 
strategy for mitigating negative environmental effects on 
crops, but scientists are starting to understand how crops are 
adapting so they can manipulate those genetic tendencies. 
They are identifying heat- and CO2-tolerant crops for selective 
planting and other tools that will help agriculture adjust to a 
warmer future.

CONSIDERING CARBON
Atmospheric CO2 has risen steadily since the early 1900s, 
increasing by 39% since the start of the Industrial Revolution. 
Lisa Ainsworth is a US Department of Agriculture–Agricultural 
Research Service (USDA–ARS) scientist with a lab at the 

University of Illinois, Urbana-Champaign, USA. There, she runs 
the free air concentration enrichment (FACE) facility, where 
she manipulates the atmospheric environment of plants and 
observes how crops respond to higher CO2. 
 “We can grow plants under tomorrow’s atmospheric con-
ditions but in the real world,” says Ainsworth. 
 As a principal source of high-quality protein and oil, soy-
beans were the subject of several studies over the past 20 
years that investigated environmental effects on plant growth 
and seed composition. Taken as an independent variable, 
higher CO2 tends to be beneficial. For certain plant species, it 
has a fertilizing effect while also improving the plant’s water-
use efficiency.
 “CO2 is the substrate for photosynthesis. It is a molecule 
that the most abundant enzyme on the planet, RuBisCO, uses to 
make sugar,” says Ainsworth. “If you increase the substrate for 
the process of photosynthesis, then the rates of photosynthesis 
go up. As photosynthesis rates go up, more sugars are produced 
and plants can grow bigger and in some cases more quickly.”

FOOD SECURITY

FIG. 1. The FACE (free air concentration enrichment) experimental set-up: a circle of pipes, 20 meters around, with wind speed monitors 
in the center. Air with higher than ambient CO2 or ozone is released upwind to engulf the crops. Wind speed and direction are recorded 
every 4 seconds, and the experiment can be adjusted to measure the effects of high temperature and minimal rainfall. Source:ars.usda.gov
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 Her FACE experiments (Fig. 1, page 7) also concluded that 
crops lose less water through the pores in their leaves (known 
as transpiration) in a CO2-rich environment. Since the plant has 
access to plenty of CO2, the pores, called stomata, stay closed. 
This means the plant also retains water, demanding less of it 
from the soil and increasing the plant’s resistance to drought. 
 In 2016, Chinese researchers gathered environmental data 
on soybean crops and found a similar positive effect (https://
doi.org/10.1021). They conducted a nation-wide study on 
763 samples collected over four years from 28 soybean-pro-
ducing provinces in four different regions of the country, and 
climate data was correlated with crop outcomes. The environ-
mental conditions were unaltered from ambient field condi-
tions. Overall, soybean protein and oil content increased with a 
higher mean daily temperature to a maximum temperature of 
19.7°C. However, the results varied from region to region. For 
example, in areas of the country where higher protein variet-
ies of soybean were favored for a soy-food diet, protein con-
tent decreased as temperatures rose. Like others, this study’s 
authors concluded that the relationship between soybean 
quality and the environment is complex.
 “The response to interactive stresses is always 
complex,” says Ainsworth. In controlled experiments 
conducted with FACE, when they combined excess CO2 
with other stresses, like high temperature or drought, 
the CO2 benefits disappeared. She says, when all the 
plants in a field take advantage of high CO2 and grow 
bigger, you get more biomass above ground. Bigger 
crops require more water and, in a drought, these 
plants would not thrive.
 “This was a dynamic that is not necessarily pre-
dicted because plants lower their transpiration,” says 
Ainsworth. “If you have more leaves in the canopy, that 
decrease in transpiration cannot always make up for 
a much bigger plant.” Bigger plants need more water, 
and a severe drought combined with elevated CO2 
actually lowers yield, she says. A critical factor, accord-
ing to Ainsworth, is temperature. More CO2 can help a 
plant at its optimum growth temperature, but not at 
very high temperatures.
 Like the study in China that indicates a maximum tempera-
ture effect on soybeans, other crops have shown a similar trend. 
Research on fruit and vegetable crops show that the plants ben-
efit up to a certain threshold temperature beyond which nutri-
ents and yield suffer (https://doi.org/10.1016/B978). 
 Ainsworth is studying different genetic genotypes and 
how they respond to CO2 and ozone. “We are trying to identify 
markers that breeders can use both for ozone tolerance and 
CO2 response,” she says. Many scientists are combing through 
plant genomes hoping to uncover DNA secrets to surviving cli-
mate change.

TUNING GENETICS
Canola seedpods pop open prematurely in prolonged heat. The 
walls of the pods naturally weaken as part of the reproductive 
cycle, but recent research shows high temperatures acceler-
ate the process (https://doi.org/10.1016/j.molp.2018.01.003). 

Oilseed yields suffer as a result since the seeds are unusable 
once they fall to the ground. 
 Lars Østergaard is a biologist at the John Innes Centre, a 
research institute in the UK. He was part of the team that iden-
tified the temperature effect of seed shatter, and he has pin-
pointed how the expression of one gene can be altered to stop 
it. “We knew that the INDEHISCENT (IND) gene was a key com-
ponent in regulating shattering,” says Østergaard.
 Researchers at University of California, San Diego, first 
identified the importance of the IND gene using a model plant, 
Arabidopsis, that is related to canola. Østergaard further stud-
ied the genetic mechanisms and signaling pathways in the 
model and translated them into canola to determine that their 
function was the same. He found a way to fine tune the activ-
ity of the gene to get partial dehiscence which, he says, may be 
desirable for farmers of canola.
 “IND is expressed very specifically in two rows of cells that 
run down the pod and allow separation to take place,” he says. 
“At higher temperatures, we saw a higher amount of gene 
products—mRNA and proteins—present in the specific cells 
where the shattering takes place.” 

FIG. 2. Histones are proteins that play an important role in gene regulation. 
DNA wrap around them, remaining compact and orderly. Source: Filipe Tavares 
Cadete, via Flickr. 

 At low temperatures, the machinery that activates the 
gene cannot gain access because the DNA is bound tightly 
around histones (Fig.2). As temperatures rise, the compact 
structure unwraps, enabling expression of the IND gene. 
Stopping the DNA from loosening as temperatures increase 
should then reduce seed shatter. 
 Though crucial for canola, the lessons learned in this 
study are not easily applicable to other crops. Most crop 
plants are evolutionarily different from those in cano-
la’s Brassicaceae family, and do not possess the IND gene. 
Østergaard says that instead of using a model plant for more 
complex species, CRISPR-Cas9 can be used to study heat and 
CO2-tolerant genes. 
 Ainsworth says there are good targets within genes that 
could help the plant thrive in an altered climate. “Over express-
ing one of the enzymes in the Calvin cycle tends to increase 
yields under high CO2 when the temperature is well above opti-
mal,” she says. An agriculture biotechnology company based 
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in Woburn, Massachusetts, USA, Yield10 Biosciences, is mining 
data for similar opportunities to enhance plant genetics.
 “We are going to need all the technologies, and some that 
have not been invented yet, to sustainably feed the growing 
global population and improve health,” says Oliver Peoples, 
Yield10 Biosciences CEO. His company uses a proprietary mod-
eling tool that searches publicly available plant genetic data-
bases for genes with potential to improve the performance, 
composition, or yield of oil seed crops. 
 Once Yield10 has identified a gene (or genes) associated 
with a desirable trait, they alter the gene using biotech tools, 
such as traditional GMO or CRISPR, and establish a new plant 
line. The gene-editing techniques are first piloted in green 
houses and field trials using camelina. Then, the technology 
can be transferred into canola and soybean. 
 Peoples says a 2018 trial of genetically altered camelina 
plants resulted in an 11% increase in seed yield. Another genet-
ically altered line produced over 25% yield. He says big seed oil 
companies, like Bayer, are licensing the technology to develop 
high-yield traits in their crops.
 If anything were to happen to the food system and large-
scale agriculture, we would all be in very deep trouble, he says. 
He hopes the recent pandemic will open consumer’s eyes to 
this potential tragedy and allow them to embrace advanced 
technology crops, not fear them. “The size of the problems are 
so big they need new solutions,” he says. 

 “We are struggling with the fact that the European Court 
of Justice decided that CRISPR should be regulated as GM tech-
nology. It was a serious setback for crop improvement. The 
technology is clearly there to address serious issues like cli-
mate change and food security,” Østergaard says.

GOING VERTICAL
John Purcell, head of vegetables research and development 
for Bayer CropScience, shares this sentiment. In a recent blog 
post, he indicated that it was possible to move agriculture 
indoors to controlled environments, but modern biology must 
be used to create custom germplasms conducive to vertical 
farming (https://www.cropscience.bayer.com).
 Vertical farming involves stacking racks of plants on top of 
each other in an environmentally controlled building, typically 
with their roots submerged in a nutrient-rich solution instead 
of soil (Fig.3). Some scientists believe that agriculture would 
be more predictable, more valuable, and more sustainable if it 
took place in a controlled environment.
 In June, Vijai KS Shukla, the CEO of International Cosmetics 
Science Centre, a cosmetic ingredient supplier in Denmark, 
co-authored an article for Happi magazine arguing that vertical 
farming is particularly important for ensuring a future supply 
of the oils and botanicals used in natural cosmetics  
(https://www.happi.com/issues/2020-06-01/).

FIG. 3. An example of a vertical farming system
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Controlling insects
Alexa Tascher

Crop loss is expected to spike in temperate areas, but 
it is not just high temperatures that are bugging crops. 
Climate change increases insect populations and accel-
erates their metabolism. Hungrier insects will consume a 
significantly higher percentage of the world’s staple crops 
even if average temperatures rise by only 2°C—a limit the 
Paris Climate Agreement hopes to avoid. A warmer world 
necessitates farming strategies that reduce crop loss and 
ensure global food security. 
 To predict the future of climate change, research-
ers looked back to the past. Scientists at the University 
of Illinois, Urbana-Champaign, USA, examined fossilized 
leaves from the time period between the Paleocene and 
Eocene eras when atmospheric CO₂ concentrations and 
global temperatures rose dramatically. They found that as 
CO₂ elevation forced the mean annual temperature to rise 
from 10.5°C to 20.1°C, the percentage of damaged leaves 
rose from about 38% to 57%. They identified a variety of 
leaf damage typical for insects, from wide holes caused by 
bugs with large, powerful mandibles to small mines made 
by larval flies and moths. “A rise in CO2 generally increases 
the carbon-to-nitrogen ratio of plant tissues, reducing the 
nutritional quality for protein-limited insects,” according 
to the study. The change in composition could have led 
insects to consume more leaves to make up for this loss. 
Now, 55.8 million years later, modern farmers face a simi-
lar problem. 
 The best combat plan for farmers could be the use of 
integrated pest management (IPM) strategies, such as the 
identification and careful management of pest popula-
tions in an eco-friendly manner. IPM programs differ from 
crop to crop, but they all follow the same pattern:  iden-
tification of possible issues followed by a prevention plan 
using multiple management tools. Soybeans, for example, 
are attacked by about a dozen insects, including aphids. 
An IPM plan for that crop could include developing soy-
bean plants that are genetically resistant to those pests, 
along with measured use of pesticides based on specific 
needs. In fact, studies have shown that the implementa-
tion of an IPM schedule can save about a third of a typical 
soybean crop yield. 
 Even a cloud as dark and menacing as climate change 
has a silver lining. While some insect populations may 
become larger and more active in coming decades, spe-
cies that rely too heavily on host crops or that have longer 
reproductive cycles could see a decline. In any case, we 
must adapt to these changing conditions, no matter how 
many bugs the future holds. 

Alexa Tascher is a student at Ravenscroft School in 
Raleigh, North Carolina, USA, who volunteered to help 
with Inform when her research internship at the University 
of Florida was cancelled because of coronavirus.
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 “The control provided by vertical farming allows us to acti-
vate the molecules of interest to create safer products for bet-
ter health,” he writes.
 Shukla says that many plants used in cosmetics are being 
illegally and unsustainably farmed, with decreasing quality. He 
says that through vertical farming his company can produce 
pure and high-quality natural products in a sustainable way. He 
argues that the energy consumption due to artificial light and 
temperature regulation on a vertical farm are on par with the 
energy used to sow, till, fertilize, control pests, and harvest on 
a conventional farm. The initial costs of the building and equip-
ment for a vertical farm are recouped in transportation savings 
since the farm can be built right in the city it is serving, accord-
ing to Shukla.
 “Vertical farming has the potential to be another valu-
able tool that helps growers address future food security 
challenges, as well as meet changing consumer preference 
demands—but vertical farm operators will need improved 
seed genetics to maximize that potential,” says Purcell. 
Diseases can be controlled more effectively in a controlled 
environment, he says. A robust, high-throughput marker pro-
gram can then be focused on finding genetic traits to improve 
plant architecture, time to maturity, and response to artificial 
light. These molecular markers would help plants grow more 
efficiently on a vertical farm, according to Purcell.

CUTTING EMISSIONS
As they wait for these genetic discoveries to gain a strong-
hold, most major corporations are addressing the only climate 
change factor within their power: reducing greenhouse gases 
(GHG).
 The year 2020 was a target date for many emissions cut-
ting initiatives and, having reached their original goals, compa-
nies are back for a second round.
 Ingredient supplier Archer Daniels Midland Company 
(ADM) of Chicago, recently announced that it plans to cut 25% 
of its GHG emissions by 2035, while also cutting its energy con-
sumption by 15%. After meeting the reduction standards they 
set 10 years ago, the company conducted a feasibility study 
and determined they could do more.
 “This represents an average annual reduction of 1.67% for 
15 years,” says Alison Taylor, the company’s sustainability chief 
(https://www.foodnavigator.com/). 
 Companies are not just cutting emissions; they now aim 
to adhere to limits validated by the Science Based Targets ini-
tiative (https://sciencebasedtargets.org/). These targets, set 
by climate scientists, are meant to keep the world’s carbon 
budget balanced. That is the total volume of GHGs that can 
be emitted while maintaining temperature rise below 2°C of 
preindustrial values. The Intergovernmental Panel on Climate 
Change (IPCC) has determined that any higher change will lead 
to unprecedented effects on global living conditions  
(https://www.foodingredientsfirst.com/).

 “As a leader in nutrition and agriculture, we believe the 
health of people is inextricably linked to the health of the 
planet,” says Taylor.

BUILDING EVIDENCE
Olive trees have grown in the southwest region of Spain since 
it was part of the Roman Empire. In March, researchers from 
the University of Cordoba in Spain, and the Research Center 
for Geo-Space Science (CICGE) in Portugal, published an article 
anticipating that production will decline as the climate changes 
(https://doi.org/10.1016/j.scitotenv.2019.136161). Research 
by the USDA found that rice grown in a CO2-rich environment 
lost substantial amounts of protein, zinc, iron, and B vitamins 
per grain. (https://doi.org/10.1126/sciadv.aaq1012). Over the 
past 60 years, northeastern Atlantic plankton populations have 
declined by 50%, affecting the nutritional value of commer-
cial fish. Recent research shows that this aquatic food chain 
change could lead to lower omega-3 contents across the indus-
try (https://www.nutritioninsight.com/).
 The effect of climate change on agriculture is no longer 
in question. We have collected enough research to conclude 
that optimal growth temperature is critical to maintaining the 
planet’s food supply. What remains unknown is if our scientific 
efforts can ensure bountiful agriculture in the future. 
 
Rebecca Guenard is the associate editor of Inform at AOCS. She 
can be contacted at rebecca.guenard@aocs.org.
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Food testing regulatory methods around the world require separation of fatty acid and its isomers 
when determining fatty acid composition by gas chromatography with a flame ionization detector 
(GC/FID). This is, perhaps, one of the oldest and most popular gas chromatography analyses. While 
many other GC methods have adopted new trends, such as shorter, high-efficiency GC columns, or 
moved to more selective detectors, such as mass spectrometers, the GC/FID method for analysis 
of free fatty acids or cis-trans fatty acids isomers has seen little change in the last few decades. This 
is in part because the set of analytes that must be resolved is challenging in the case of cis-trans 
fatty acids. These positional isomers are analyzed as fatty acid methyl esters, and are among the 
most complex compounds to separate by GC. Moreover, a mass selective detector, commonly used 
for complex samples, such as pesticides in food matrices, does not have the mass resolution power 
to resolve isomeric species with identical masses. 

      New GC technologies  
                       for old  
  problems in fatty acid  
            analysis

Gustavo Serrano Izaguirre and Yun Zou

• This article highlights three innovative 
GC technologies that make fatty acid 
analysis faster, less challenging, and 
more accurate.

• The technologies covered include 
new Ultra Inert WAX columns, a new 
cyanopropyl GC column for measuring 
trans fatty acids in processed foods, and 
the revolutionary Agilent Intuvo 9000 
GC system.

• These new technologies are 
transforming the way laboratories can 
perform fatty acid and FAME analyses.

For quite some time, the field of gas chromatography has been con-
sidered relatively mature. However, new GC technologies have emerged 
that represent a paradigm shift in how much easier and more efficient 
gas chromatography can be, and how much more productive the GC lab-
oratory can be. 

In this article, we discuss three innovative technologies in GC column 
chemistries and GC systems that can be applied for fast and accurate 
analysis of fatty acids and fatty acid methyl esters (FAMEs). 

ULTRA INERT WAX COLUMN FOR 
FATTY ACIDS ANALYSIS
Gas chromatography analysis of active compounds continues to be 
challenging for pesticide, food, and environmental samples, particu-
larly because of the continuing trend to reduce detection limits. When 
an active analyte is introduced, it must travel a flow path through the 
injector and the column to the detector. Active sites in the flow path can 
selectivity latch onto active analytes, degrading peak shapes, or worse, 
adsorb trace analytes completely.

Controlling the interaction of active analytes in the GC flow path has 
been one of Agilent’s main research and development focuses. Over the 
years, we have introduced a series of GC columns and consumables with 
ultra inert technology that eliminates surface activity in the analytical 
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Agilent’s DB-FATWAX Ultra Inert column overcomes all 
these issues found with traditional wax columns. Its high inert-
ness provides better peak shapes and more consistent reten-
tion time reproducibility for short-chain volatile organic acids. 
It has similar thermal stability as traditional wax phases, but 
with a proprietary deactivation that allows analysis of active 
compounds without adsorption issues. Figure 1 compares the 

flow path. The latest addition to our Ultra Inert product family 
is the Agilent J&W DB-FATWAX Ultra Inert column, with poly-
ethylene glycol (PEG) phase, designed for analysis of organic 
acids and fatty acids. 

Monitoring these analytes is a common analysis required 
in food and flavors industries. The analysis is regularly 
done using a combination of headspace/GC or liquid-liquid 
extraction followed by GC analysis. The most common method 
is by direct injection of the acids in water. However, underivat-
ized organic acids are difficult to quantify by GC using a tradi-
tional wax or cyanopropyl phase because these highly polar 
compounds interact strongly with all active sites on the col-
umn. The result is tailing or poorly resolved peaks. Normally, 
fatty acids are derivatized to methyl esters for the analysis, but 
the process can be time-consuming, and short-chain fatty acid 
esters may get lost in the extraction process. 

The other typical approach for analyzing short-chain fatty 
acids is the use of acid-modified wax columns. These wax col-
umns are prepared by adding nitroterephthalic acid to the 
polyethylene glycol phase. Unfortunately, these columns also 
have drawbacks, such as poor thermal stability and strong 
interaction between the acid-modifier and water, limiting their 
use for aqueous samples. 

ANALYTICAL TECHNOLOGIES

FIG. 1. GC/FID chromatograms of an aqueous C2–C7 free fatty 
acids sample on a DBFATWAX UI column and a traditional wax 
column. More information on Agilent app note 5991-9223EN 
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DB-FATWAX Ultra Inert column with a traditional wax phase. 
The DB-FATWAX Ultra Inert column resolves free fatty acids 
well, with sharp and symmetrical peaks. In contrast, the tradi-
tional wax phase shows the same compounds tailing or com-
pletely adsorbed.  Analysis of organic acids and free fatty acids 
is now possible with a wax phase, without the need of an acid 
modifier or prior pre-derivatization steps, making this routine 
analysis more efficient and less cumbersome than in the past. 

FAST AND RELIABLE SEPARATION OF 
POSITIONAL CIS-TRANS ISOMERS 
The measurement of trans fatty acid content in processed 
foods for nutritional labeling is one of the most important 
applications in food analysis—and one of the most challenging. 
To date, no single column can separate all positional FAME iso-
mers. Currently, the most common GC/FID method to analyze 
these positional isomers involves a 100-meter high content 
cyanopropyl column. However, these columns are generally 
non-bonded stationary phases with poor thermal stability and 
retention time reproducibility. They also require very long iso-
thermal runs to resolve the most relevant cis/trans positional 
isomers; even then, some of the carbon chain lengths can 

overlap these cyano-polysiloxane phases, sometimes causing 
peak identification problems. 

To overcome these challenges in the analysis of trans 
fatty acids and other saturated and polyunsaturated FAMEs, 
Agilent recently launched a new series of GC columns. The 
J&W DB-FastFAME column is engineered for fast separation of 
FAME mixtures, including cis/trans isomers. This highly tuned 
cyanopropyl phase relies on the stronger interaction of cis 
isomers with the cyano-dipole, causing the trans isomers to 
elute before the cis isomers. This provides superior resolution 
between these isomers in just minutes. DB-FastFAME columns 
come in several configurations that fit different FAME analysis 
requirements. The 20 m x 0.18 mm x 0.20 micrometer config-
uration, for example, separates simpler mixtures such as extra 
virgin olive oils in 8 to 12 minutes, while the longer 90 m x 0.25 
mm id x 0.25 micrometer column is meant for analysis of com-
plex FAME mixtures, including positional isomers, in less than 
45 minutes. DB-FastFAME columns are also bonded and offer 
better thermal stability and retention time reproducibility than 
conventional high-content cyanopropyl GC columns.  

These columns, along with an optimized temperature pro-
gram and hydrogen as the carrier gas, can effectively resolve 
critical FAMEs with better resolution and faster analysis times 

FIG. 2. (top) GC/FID chromatogram of a 37-component FAME standard mixture on a 20 m x 0.18 mm i.d., 0.20 micrometer DB-FastFAME 
column using Hydrogen as carrier gas. More information on Agilent app note 5991-8706EN. (bottom) GC/FID chromatogram of a stan-
dard mixture of positional isomers in the C18:1, C18:2 and C18:3 region on a 90 m x 0.25 mm i.d., 0.25 micrometer DB-FastFAME column 
using Helium as carrier gas. More information on Agilent app note 5994-1862EN 
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than traditional 100-meter cyanopropyl GC columns.  Figure 2 
provides several examples. The top chromatogram shows the 
analysis of the popular 37-FAME mix in under 8 minutes using a 
20 m x 0.18 mm id x 0.2 micrometer film DB-FastFAME column. 
All peaks are resolved, including C18:1 and C18:2 cis/trans iso-
mers. The bottom chromatogram shows the analysis of several 
positional isomers in the C18:1, C18:2 and C18:3 regions with 
the 90 m x 0.25 mm id x 0.25 micrometer film DB-FastFAME. 
Here, almost all isomers are fully resolved, except for a pair of 
trans-linolenic acids.

DIRECT HEATING, FERRULE-
FREE GC SYSTEMS 
No article on innovative GC products can be complete with-
out talking about the Agilent Intuvo 9000 GC system. This 
truly transformative innovation reimagines how we do a GC 
analysis. The Intuvo is designed for fast throughput while sim-
plifying the laboratory workflow. Its microfluidic technology 
allows users to change columns in less than a minute with 
click-and-run connections. Faster cycle times through ballis-
tic direct-heating ensures reproducibility and allows for higher 
throughput. Figure 3 is a chromatogram of a 36-FAME mix 
analysis in under four minutes using the Intuvo system. This is 
the fastest GC separation ever obtained for this popular FAME 
mix without sacrificing resolution for critical pairs. 

In summary, innovative new GC technologies are trans-
forming the way laboratories can perform FAME analyses. 

Using high-efficiency and shorter columns, new phase chem-
istries, more efficient carrier gases, and new and smarter GC 
systems can make laboratories more productive, at less cost, 
and with high-quality results. More traditional GC methods, 
which have seen few modifications over the years, can also be 
optimized to take advantage of these newer technologies and 
techniques. 

Gustavo Serrano Izaguirre is the GC Columns Product Manager 
at Agilent Technologies in Wilmington, Delaware, USA.  
Gustavo holds a PhD in Environmental Health 
Sciences from the University of Michigan, and an 
MBA from the University of Indiana–Bloomington. 
He can be contacted at gustavo.serrano-izagu-
irre@agilent.com. 
 
Yun Zou is the GC Columns Application 
Scientist at Agilent Technologies in Shanghai, 
China. Yun holds a PhD in Analytical Chemistry 
from Shanghai University of Traditional  
Chinese Medicine. She can be contacted at  
Yun_Zou@Agilent.com.
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FIG. 3. GC/FID chromatogram of a FAME 36 component mixture on a 20 m x 0.18 mm i.d., 0.20 µm DB-FastFAME column. More informa-
tion on Agilent app note 5994-0116EN 



18   •   inform   September 2020, Vol. 31 (8)   

Brazil covers nearly half of South America and is consid-
ered the country with the greatest diversity of species in 
the world, spread over six terrestrial biomes and three large 
marine ecosystems, with more than 103,870 animal species 
and 43,020 known plant species (Ministerio do Meio Ambi-
ente, 2020). The Amazon rainforest is the largest humid 
tropical forest in the world, rich in oilseed plant species, 
and the oils and fats extracted from these species have a 
unique composition and practically unexplored physico-
chemical and nutraceutical properties. In this context, oils 
and fats from this Brazilian biodiversity have been the focus 
of several studies aimed at applications in the food and cos-
metics industries (Bezerra, et al., 2017).

Crystallization profile of 
bacuri (Platonia insigns) 
and cupuacu (Theobrama  
   grandiflorum) fats  
from the Brazilian  
     Amazon Rainforest
Larissa Magalhães Grimaldi, Fernanda Luisa Ludtke, Thais Jordânia Silva,  

Kamila Ramponi Rodrigues de Godoi, Mayanny Gomes Silva,  
Renato Grimaldi, and Ana Paula Badan Ribeiro

• The Brazilian rainforest is rich in 
oilseed plant species.

• The oils and fats extracted 
from these plants have unique 
compositions and physiochemical 
and nutraceutical properties, and 
have consequently been the focus of 
several studies aimed at applications 
in the food and cosmetic industries.

• This article looks at the composition, 
melting behavior, and crystallization 
kinetics of fats from two popular 
Amazonian fruits: bacuri and 
cupuacu. Editor’s Note: This article is based on a poster presentation from the 

Virtual 2020 AOCS Annual Meeting & Expo, which can be accessed at 
annualmeeting.aocs.org until 2021.
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BACURI
Bacuri (Platonia insigns) is one of the most popular fruits in 
the Amazon Region (Fig. 1). It occurs naturally in open areas, 
is rarely found in primary forests, and is resistant to both high 
temperatures and water deficiencies (Calvazara, 1970; Lorenzi, 
1992; Villachica, et al., 1996; Homma, et al., 2010). The bacuri 
fruit is collected after it falls naturally from the mother plant, 
and the fat is extracted by the continuous pressing process.

The fatty acid composition of bacuri fat consists predom-
inantly of palmitic acid (60.20%) and oleic acid (28.13%), as 
shown in Table 1.

The fatty acid composition suggests a fatty acid profile 
similar to palm stearin, obtained through the fractionation of 
palm oil, due to the high palmitic acid and oleic acid, and the 
total saturated and unsaturated fatty acids levels.

The triacylglycerol composition of bacuri fat is shown in 
Table 2 (page 20).

Bacuri fat is composed mainly of POP, PPP, and PPPo tria-
cylglycerols. Although the high tripalmitin (PPP) levels are sim-
ilar to those found in palm stearin, bacuri fat has almost twice 
the POP.

The melting behavior of bacuri fat can be assessed 
through the solid fat profile, as shown in Figure 2 (page 20).

The solid fat profile of bacuri fat is similar to that observed 
for palm stearin; however, there is a change in the melting pro-
file of bacuri fat from 30°C, with complete melting at 55°C. The 

FATS FROM THE AMAZON 

TABLE 1. Fatty acid composition of bacuri fat 

Fatty acid (%) Bacuri fat
Capric acid (C10: 0) 0.04
Lauric acid (C12: 0) 0.17
Miristic acid (C14: 0) 0.16
Pentadecyl acid (C15: 0) 0.19
Palmitic acid (C16: 0) 60.20
Palmitoleic acid (C16: 1) 6.64
Margaric acid (C17: 0) 0.08
Margaric-oleic acid (C17: 1) 0.08
Stearic acid (C18: 0) 1.53
Oleic acid (C18: 1) 28.13
Linoleic acid (C18: 2) 2.51
Linolenic acid (C18: 3) 0.08
Arachidic acid (C20: 0) 0.08
Gadoleic acid (C20: 1) 0.03
Behenic acid (C22: 0) 0.04
Lignoceric acid (C24: 0) 0.04
Σ saturated 62.53

Σ unsaturated 37.47

FIG. 1. Bacuri fruit (Homma, et al., 2010)
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approximate melting point is 50°C, for a solid fat content (SFC) 
equal to 4% (Karabulut, et al., 2004).

The crystallization kinetics of bacuri fat, determined by 
SFC as a function of time, at 20°C, is shown in Figure 3. 

Bacuri fat has rapid induction time for crystallization 
and great stability of solids content. An analysis of X-ray dif-
fraction (Fig. 4) showed a predominance of the polymorphic 
habit β’ and β after stabilization at 25°C, unlike palm stearin, 
which presents a characteristic polymorphism in β (Braipson-
Danthine, Gibon, 2007). 

CUPUACU
The cupuacu fruit (Theobrama grandiflorum) represents one 
of the most important fruit trees in the Brazilian Amazon. 
Cupuacu seeds contain approximately 60% fat (Fig. 5), and 
after the seeds are separated from their husk and the support 
peduncle, they are subjected to a controlled fermentation pro-
cess, then pressed, resulting in cupuacu butter. Cupuacu butter 
is used in the food industry due to characteristics that resem-
ble cocoa butter (Rocha, 2018). 

The fatty acid composition of cupuacu fat consists of 
about 56% saturated fatty acids and 43% unsaturated fatty 
acids, mainly represented by stearic (34.15%) and arachidic 
(11.50%) fatty acids, and oleic (38.90%) and linoleic (3.89%) 
unsaturated fatty acids, as shown in Table 3.

Cupuacu fat has high levels of monounsaturated fatty acids, 
mainly oleic acid, which can provide greater softness than cocoa 
butter. The softness of fat directly affects the force at rupture of 
chocolate-like products aimed to partially replace cocoa butter, 
which, in turn, is directly related to the snap (product resistance 

TABLE 2. Triacylglycerol composition of bacuri fat

Triacylglycerol (%) Bacuri fat
PPP 18.40
PPPo 11.52
PPoPo 4.00
PPS 1.04
POP 43.28
PPoO 9.09
PPoL 1.69
PSO 0.72
POO 7.63
POL 1.92
OOO 0.71
SSS 19.44
SSU 55.51
SUU 24.33
UUU 0.71

P: palmitic; Po: palmitoleic; S: stearic; O: oleic, L: linoleic; A: arachidic; 
SSS: trisaturated; SSU: disaturated-monounsaturated; SUU: 
monosaturated-diunsaturated; UUU: triunsaturated

FIG. 2. Solid fat content of bacuri fat

FIG. 3. Crystallization kinetics of bacuri fat

FIG. 4: Diffractogram of bacuri fat
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to an external force), a crucial factor in the quality of chocolates. 
In addition, similar saturated and unsaturated fatty acids levels 
suggest a vegetable butter with a low melting point.

The triacylglycerol composition (TAG) of cupuacu fat can 
be seen in Table 4 (page 22).

As reported by Luccas (2001), cupuacu fat contains high 
symmetrical triacylglycerols (SUS) levels, which can provide 

Fatty acid (%) Cupuacu fat
Lauric acid (C12: 0) 0.18
Miristic acid (C14: 0) 0.36
Pentadecelic acid (C15: 0) 0.04
Palmitic acid (C16: 0) 7.84
Palmitoleic acid (C16: 1) 0.14
Margaric acid (C17: 0) 0.23
Margaric-oleic acid (C17: 1) 0.03
Stearic acid (C18: 0) 34.15
Oleic acid (C18: 1) 38.90

Fatty acid (%) Cupuacu fat
Linoleic acid (C18: 2) 3.89
Linolenic acid (C18: 3) 0.18
Arachidic acid (C20: 0) 11.50
Gadoleic acid (C20: 1) 0.35
Behenic acid (C22: 0) 1.97
Lignoceric acid (C24: 0) 0.25
Σ saturated 56.51

Σ unsaturated 43.49

FIG. 5. Cupuacu fruit (Embrapa, 2020)

characteristics of crystallization and polymorphism similar 
to those observed for cocoa butter. The triacylglycerols 
SOO, SOA, OOA, OOO, and OAA may be responsible for 
the softening of cupuacu fat, while triacylglycerols SOA 
and OAA can explain its higher melting point due to the 
presence of arachidic acid, which has a high molecular 
weight.

TABLE  3: Fatty acid composition of cupuacu fat
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TABLE  4. Triacylglycerol composition of cupuacu fat

Triacylglycerol (%)  Cupuacu fat
POP 1.48
POO 3.89
PSS 1.47
POS 11.61
PLS 0.78
SOS 18.64
SOO 34.35
OOO 2.94
SOA 14.98
OOA 7.40
OAA 2.46
SSS 1.47
SUS 49.95
SUU 45.64
UUU 2.94

P: palmitic;   S: stearic; O: oleic, L: linoleic; A: arachidic; 
SSS: trisaturated; SSU: disaturated-monounsaturated; 
SUU: monosaturated-diunsaturated; UUU: triunsaturated

FIG. 6. Solid fat content of cupuacu fat

FIG. 7. Crystallization kinetics of cupuacu fat

FIG. 8. Diffractogram of cupuacu fat

Figure 6 shows the solid fat profile of cupuacu fat. From 
20°C, there is a rapid decrease in the solids content up to 30°C, 
with a complete melting at 35°C. It is known that non-lauric 
fats, which have low solid fat levels above 30°C, behave simi-
larly to cocoa butter. For 4% SFC, cupuacu butter has a melting 
point close to 32°C.

The crystallization isotherm of cupuacu fat at 20°C is 
shown in Figure 7.

The crystallization kinetics (Fig. 8) of cupuacu fat is similar 
to that of cocoa butter. According to Marangoni and McGauley 
(2003), the Differential Scanning Calorimetry experiments of 
cocoa butter revealed the growth of α and β´ polymorphs and 
the transition between these polymorphs. The authors also 
reported that, for cupuacu butter containing 7% solids, the 
presence of α crystals was detected and a polymorphic tran-
sition between α and β’ was observed from 7% to 20% solids, 
with subsequent stabilization in β, confirmed by the X-ray dif-
fraction at 25°C.

The authors of this article are with Fats and Oils Laboratory—
UNICAMP (University of Campinas), Brazil. For more 
information, contact Larissa Magalhães Grimaldi at  
larissa.grimaldi@gmail.com.
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Liquid detergent, popular among customers, is 
designed to effectively remove oil and grease stains. 
Detergent formulation and reformulation are challeng-
ing because detergency depends on multiple factors, 
including the hydrophilic/lipophilic nature of the sur-
factant, the stain, and the nature of the surface. Past 
work has shown that detergent performance cor-
relates with microemulsion phase behavior, with 
maximum detergency corresponding to optimum 
microemulsion conditions (Winsor Type III condi-
tions). Identifying optimum microemulsion conditions 
requires an extensive effort and must be done for each 
particular surfactant system and soil. Although the 
correlation between detergency and microemulsion 
phase behavior has been studied extensively, the cor-
relation between detergency and hydrophilic-lipophilic 
deviation (HLD), which is described in this article, has 
been studied to a lesser degree. Thus, this research 
evaluates the efficacy of the HLD approach to expedite 
design of detergency formulations for soils with widely 
varying hydrophobicities (equivalent alkane carbon 
numbers, EACN values).   

     Using the hydrophilic-
lipophilic deviation (HLD) 
    equation to optimize  
  detergency of oily and 
solid non-particulate soils 

Parichat Phaodee, Jeffrey H. Harwell, and David A. Sabatini

• The hydrophilic-lipophilic deviation 
(HLD) approach influences many 
aspects of surfactant-based 
formulations and processes.

• We recently evaluated the efficacy of 
this approach to expedite the design of 
detergency formulations for soils with 
widely varying hydrophobicities.

• The HLD method was shown to be a 
promising tool for designing effective 
detergent formulations for both oily 
soils and solid non-particulate soils.

• This study suggests that when 
reformulating an existing detergent 
system, adjusting the formulation to 
maintain a constant HLD value will 
produce equivalent detergency.
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In this study, the surfactant C10-4PO-SO4Na, which was 
previously found to produce middle phase microemulsions 
with varying-EACN oils (Budhathoki, et al., 2016), was selected 
as the primary surfactant. The binary surfactant mixture, C10-
4PO-SO4Na and sodium diethylhexyl sulfosuccinate (AOT) at 
1:1 mole ratio, was also investigated as a confirmatory step to 
demonstrate the optimum HLD range for a second detergency 
system. The detergencies of five diverse liquid soils with differ-
ent hydrophobic/hydrophilic natures (EACNs) were evaluated: 
1) Soygold1100 (methyl soyate, SG1100) and canola oil mixture 
at 1:1 by volume, 2) isopropyl myristrate (IPM), 3) SG1100 and 
canola oil mixture at 2:3 by volume, 4) IPM and canola oil mix-
ture at 1:1 by volume, and 5) hexadecane and canola oil mix-
ture at 1:1 by volume. All tests were conducted at 25°C. Finally, 
a detergency study of octadecane (published EACN = 18, solid 
non-particulate soil at 25°C) was performed to assess whether 
the optimum HLD found for oily soils can be utilized for a solid 
non-particulate (waxy) soil as well.

The HLD equation was first proposed by Salager, et al. 
(1979) to describe optimum microemulsion phase behavior, 
where optimum phase behavior corresponds to the global 
minimum in oil/water interfacial tension. The HLD value indi-
cates the divergence of the surfactant formulation from the 
optimum condition (HLD = 0). At optimum conditions (opti-
mum salinity or S*), an equal amount of water and oil are solu-
bilized into the middle phase microemulsion, the coalescence 
rate is fastest, the interfacial tension (IFT) is minimum, and the 
solubilization capacity (SP mL/g) is maximum (SP*). Negative, 
zero, and positive values of HLD correspond to Winsor Type I, 
III, and II microemulsions, respectively. Two distinct HLD equa-
tions exists, one for ionic surfactants and one for nonionic 
surfactants. Since all surfactants used in this work are anionic 
surfactants, the anionic surfactant HLD equation is described 
as follows, where S is the salinity of the aqueous phase (g 
NaCl/100 mL) and K is a function of the anionic surfactant.

 HLD = ln(S) – K × EACN - f(A) - α∆T + Cc (1)

 (E)ACN is the (equivalent) alkane carbon number describ-
ing the hydrophobic/hydrophilic nature of the oil; for example, 
hexane has an ACN of 6 and canola oil has an EACN of 17 (Do, 
et al., 2009). The term f(A) is a function of alcohol or cosolvent. 

α is the temperature coefficient. ∆T is the difference between 
the studied temperature and reference temperature (T-25°C). 
The Cc (critical curvature) value describes the relative hydro-
philic/lipophilic nature of the surfactant. A negative Cc value 
corresponds to a hydrophilic surfactant which preferably forms 
normal micelles in the aqueous phase. In contrast, a positive 
Cc value corresponds to a hydrophobic surfactant which favors 
the formation of reverse micelle in oil phase (Acosta, et al., 
2012; Witthayapanyanon, et al., 2008). 

For ionic surfactant surfactants, a salt scan is performed 
to attain the optimum formulation (S*). If the optimum condi-
tion (HLD = 0 at S*) is obtained without alcohol (f(A) = 0) and 
at 25°C (∆T = 0), the general HLD equation can be simplified as 
follows:

ln(S*) = K × EACN – Cc    (2)

DETERMINATIONS OF K AND CC-VALUES 
To determine the surfactant K and Cc values, eqn. 2 was 
applied to microemulsion phase behavior studies conducted at 
25°C with five paraffinic oils: hexane, octane, decane, dodec-

SURFACTANTS AND DETERGENTS

Editor’s Note: This article represents work by Parichat 
Phaodee, who planned to present her work at the 
Ralph H. Potts Memorial Fellowship awards lecture 
during the 2020 AOCS Meeting & Expo. A technical 
article on her work is currently under review for pub-
lication in the Journal of Surfactants and Detergents 
(JSD), and you can access her Virtual 2020 AOCS Annual 
Meeting & Expo presentation, “Correlation Between 
Detergency of Different Oily and Solid Non-Particulate 
Soils and Hydrophilic-Lipophilic Deviation (HLD),” at 
annualmeeting.aocs.org until 2021.
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ane, and hexadecane which have respective EACN values of 6, 
8, 10, 12, and 16. The S* determined for each surfactant sys-
tem and the five different EACN oils were then used to con-
struct a graph comparing ln(S*) against EACN as presented in 
Fig. 1. According to eqn. 2, the slope of the linear plot is the 
surfactant system K-value while the y-intercept is the negative 
Cc value. From Fig. 1, the K and Cc values for C10-4PO-SO4Na 
surfactant are 0.053 and -2.29, respectively, while the K and 
Cc values for the 50:50 C10-4PO-SO4Na and AOT mixture are 
0.090 and -0.80, respectively. The Cc values for these surfac-
tant systems indicate that the single C10-4PO-SO4Na surfactant 
system was more hydrophilic than the C10-4PO-SO4Na and AOT 
mixture, suggesting that these surfactant systems favor Type I 
microemulsion with lower to no salt added.

DETERGENCY RESULTS
Fig. 1 shows that S* (optimum salinity) increased with higher 
EACN values of the soil (S* varied from 13 w/v% NaCl for EACN 
= 5.2 to 23.8 w/v% for EACN = 16.6). Further, detergency stud-
ies, Fig. 2, showed that detergency increased with rising salin-
ity levels, reaching its maximum at S* (over 90% removal), then 
decreased at salinity levels much higher than S*. The region of 
best detergency (>80% removal) occurred at widely varying 
salt concentration ranges for the range of soils (i.e., 0.2 - 13.0 
w/v% NaCl for EACN = 5.2 and 0.2 - 23.8 w/v% NaCl for EACN = 
16.6, Figs. 2a and 2e).

Using the HLD eqn., each salt concentration was con-
verted to its corresponding HLD value using eqn. 1. Figures 
2a–e show the detergency of all studied soils as a function of 
increasing salinity value and corresponding HLD values (ranging 

from Winsor Type I, III, and II microemulsions corresponding to 
HLD values from negative to zero, and to positive). Increased 
detergency was achieved with rising HLD values ranging from 
negative to zero (Type I to optimum Type III microemulsions), 
and maximum detergency was observed in the vicinity of HLD 
= 0. These results are consistent with previous studies (Do et 
al., 2015; Tongcumpou, et al., 2005) that found increasing oil 
removal efficiency as the microemulsion phase approached 
the optimum Type III region (HLD = 0).  These results demon-
strate that, while optimum detergency occurs across a range of 
optimum salinity values, the conditions collapse to a common 
HLD range of -3 < HLD ≤ 0).  

FIG. 1. Plot of ln(S*) against EACN to determine surfactant charac-
teristics (K and Cc values) for studied surfactant systems

FIG. 2. Correlation between detergency, salinity, and HLD for different EACNs of studied soils. a) EACN = 5.2, b) f EACN = 7.5,  
c) EACN =10.1, d) EACN =12.8, and e) EACN = 16.6. Detergency studies were all performed using 0.1 w/v% C10-4PO-SO4Na at 25 ± 1°C. 
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CONFIRMING THE OBSERVED 
DETERGENCY TRENDS
To further confirm the detergency trends observed using C10-
4PO-SO4Na, the detergency of the two soils with lowest and 
highest EACNs (EACNs = 5.2 and 16.6) was next evaluated using 
a binary mixture of C10-4PO-SO4Na and AOT at 1:1 mole ratio 
(Figs. 3a–b). Figure 3 shows that an HLD range from -3.0 to 0.0 
also achieved > 80% removal of the studied soils, corroborating 
initial results. In a comparison of optimum salinity ranges of the 
same oil for two different surfactant systems, the detergency 
performance of EACN values = 5.2 and 16.6 using the C10-4PO-
SO4Na and AOT surfactant mixture required lower salinity levels 
than those of C10-4PO-SO4Na (Figs. 2a, 2e, 3a–b) because the 
mixed surfactant system had a less negative Cc value.

CORRELATION BETWEEN DETERGENCY 
OF SEMI-SOLID OCTADECANE AND HLD 
The HLD concept is thus seen to be a valuable tool for design-
ing detergency performance of the studied oily soils using 
two different anionic surfactant systems. As a final step, 
we employed the HLD concept for detergency of octadec-
ane (EACN = 18, reported melting point = 26–29°C) which 
behaved as a solid non-particulate soil at a washing tempera-
ture of 25°C. Results in Fig. 4 show that detergency of octade-
cane significantly increased at 0.6 w/v% NaCl concentration 
(HLD = -3.0), reached a plateau at NaCl concentrations rang-
ing between 0.6 and 11.2 w/v% (HLDs = -3.0 to 0.0) with soil 
removal efficiency approximately 90%, and declined at salt 
levels beyond the S* (HLDs > 0.0). As with the liquid oily soils 
shown in Fig. 3, the optimum detergency of the solid non-par-
ticulate soil, octadecane, was observed in the HLD range 
between -3.0 and 0.

These detergency results illustrate why the HLD approach 
is a topic of ample and growing interest in industry and aca-
demia as it influences many aspects of surfactant-based for-

mulations and processes. For those interested in this and other 
applications, an upcoming AOCS Press book on surfactant 
formulation engineering presents the principles, numerous 
applications (including detergency), and the most recent devel-
opments in HLD concepts (Acosta, Harwell and Sabatini, 2021).

Parichat (Tam) Phaodee is a PhD student in Environmental 
Engineering at The University of Oklahoma (OU), Norman, 
Oklahoma, USA. Her educational background is in Chemical 
Engineering and Petrochemical Science. Her doctoral research 
mainly focuses on the application of microemulsions in the 
cold-water detergency of solid non-particulate triacylglycerol 
soils and utilization of hydrophilic-lipophilic deviation (HLD) con-
cept to design detergency formulations of various oily and solid 
non-particulate soils. She is the recipient of the 2020 Ralph H. 
Potts Memorial Fellowship Award and this work would have 
been her awards lecture at the cancelled AOCS meeting in 
Montreal. She can be contacted at parichat0330@ou.edu. 
 

FIG. 3. Detergency of soils with EACNs of a) 5.2 and b) 16.6 at various salinity levels and corresponding HLD values using a binary surfac-
tant mixture of C10-4PO-SO4Na and AOT at 1:1 by molar ratio. Washing temperature was kept constant at 25 ± 1°C. 

FIG. 4. Correlation between detergency of octadecane (solid 
non-particulate soil), salinity and HLD using the binary surfac-
tant mixture of C10-4PO-SO4Na and AOT at 1:1 by molar ratio. 
Detergency experiment was performed at 25 ± 1°C. 
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Why fats make  
vegetables healthier

Rebecca Guenard

In the early 2000s, at the height of the fat-free diet craze, Procter & Gamble researcher Dale 
Cooper hypothesized that a dry salad was less nutritious than a salad covered in full-fat dressing. 
He was studying fat alternatives and nutrient absorption in the digestive system and wondered if 
the absence of the important yet reviled dietary component hindered vitamin up-take for fat-free 
dieters. Cooper became part of a research team that, in 2004, confirmed that full-fat dressings 
improved the bioavailability of carotenoids in salad vegetables. 

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

“At the time, the very low-fat diets were still thought to be 
the healthiest,” says Wendy White, human nutrition professor 
at Iowa State University in Ames, Iowa, USA. White co-led the 
study’s design and directed the blood plasma analysis for the 
groundbreaking study. She recently published a follow-up to 
the original study that not only supports its findings, but also 
indicates a linear relationship between fat intake and nutrient 
absorption.

Dietary recommendations advise that individuals consume 
fruits and vegetables in a variety of colors and textures.  The 
nutritional research consensus is that bioactive compounds 
in fruits and vegetables, along with whole grains, nuts, seeds, 
and legumes, promote good health. For over a decade, scien-
tists have been studying an estimated 5,000 different phyto-
chemicals to determine how they benefit human health. “The 
most-studied are probably the carotenoids, from beta caro-
tene to lycopene (Fig.1) in tomatoes,” says Eric Rimm, profes-
sor of epidemiology and nutrition at the Harvard T.H. Chan 
School of Public Health (https://www.health.harvard.edu/).

Correlation studies show a diet high in carotenoid-rich 
food inhibits cancer growth and cardiovascular disease, and 
boosts immunity. However, extracting all the benefits from 
these vegetables can be a challenge. Dietary and physiological 
factors influence the bioaccessibility and bioefficacy of these 
micronutrients. A person’s genetics and possibly their gut bac-
teria population—as well as the amount of fat and fiber they 
consume—affect carotenoid absorption, which is generally 
limited to a small fraction. The bioavailability of beta-carotene 
in raw carrots, for example, is reported to be as low as three 
percent. 

White says, the results of their original study showed that 
in the absence of fat there was virtually no absorption of the 
three carotenoids they tracked (alpha-carotene, beta-caro-
tene, and lycopene). Study participants consumed three sal-
ads made from spinach, romaine lettuce, cherry tomatoes, 
and carrots with salad dressings containing 0, 6, or 28 g canola 
oil. The salads were eaten at random times with a period 
of at least two weeks during which none of the ingredients 
were consumed. The researchers collected blood samples 
every hour for 12 hours after the participants ate the salad, 
and studied the carotenoids dissolved in their lipoproteins. 

FIG. 1. Lycopene is a carotenoid compound that gives tomatoes 
their red color. It is believed to be responsible for such health 
benefits as strengthening the immune system.  
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Phytochemicals, like carotenoids, are not soluble in water, so 
the researchers centrifuged the blood plasma to separate the 
lipoproteins and measured the carotenoid content (Fig. 2).

That original study revealed that fats and oils made a ben-
eficial contribution to the human diet; the finding started an 
avalanche of similar research. In her recent paper, published 
almost 15 years later, the goal of White and her collabora-
tors was to find the minimal amount of oil needed to increase 
carotenoid and tocopherol absorption. “We showed any 
increase in the amount of oil will increase absorption,” White 
says. “Consumers do not have to drown their salad in salad 
dressing to get a benefit.” 

The answer to why oil boosts the body’s nutrient absorp-
tion may reside in the blood plasma proteins White analyzed 
in her studies. Since bodily fluids are aqueous, lipids need an 
amphiphilic compound to carry them throughout the body. 
Dietary lipids are incorporated into a specific type of lipopro-
tein in the small intestine, called chylomicrons. The protein cir-
culates triglycerides through the blood stream, from the small 
intestine to muscle and adipose tissue where they are metab-
olized, eventually ending-up in the liver. Since carotenoids and 
other phytochemicals cannot dissolve in blood, they hitchhike 
with the chylomicrons to make the circulatory trip. 

Improving solubility is not oil’s only job. “The oil helps sol-
ubilize the fat-soluble vitamins and carotenoids,” says White. 
“But to be bioaccessible, these nutrients have to be incor-
porated into mixed micelles which deliver them to intestinal 
cells.” This occurs because oil triggers a digestive response 
that leads to the secretion of bile salts. According to David 
McClements, food science professor at the University of 
Massachusetts, Amherst, USA, the triglycerides in the oils are 
converted to fatty acids and monoglycerides by enzymes in 
the stomach and small intestine. The fatty acids and mono-
glycerides mix with bile salts and phospholipids in the small 
intestine to form mixed micelles, which then solubilize and 

FIG. 2. Carotenoid changes in blood plasma from fasting to 10 
hours after consuming a salad with dressing containing zero ( , 
fat-free), 6 (○, reduced-fat), or 28 (•, full-fat) grams of canola oil. 
Source: Am. J. Clin. Nutr. 80: 396–403, 2004.  
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transport bioactive compounds to cells lining the intestine. 
Chylomicrons formed in the cells move into the bloodstream 
and deliver the bioactive compounds to tissues throughout the 
body.

One curiosity that White exposed in her recent paper was 
a physiological difference between participants. While the 
majority of subjects increased nutrient uptake in the same pro-
portion with oil consumption, two people exhibited a dramatic 
increase in nutrient absorption. Also, there were a couple par-
ticipants whose blood showed no oil-enhancing effect. White 
says anomalies like this will help researchers better understand 
how to develop personalized nutrition. “That is an area for 
future research,” she says. “We want to know why certain peo-
ple are not as responsive to the absorption-enhancing effects 
of the oil.”

One unanswered question is whether cooked vegetables 
release phytochemicals the same way as raw vegetables do. 
Studies on tomatoes conclude that heat and oil improved bio-
accessibility, but research on other cooked vegetables found 
the opposite. Another bioaccessibility factor seems to be par-
ticle size. Some research shows, the more finely chopped a 
vegetable is, the greater its carotenoid bioaccessibility. In place 
of long-term human studies, like the ones White conducted, 
scientists are now creating in vitro models to mimic digestion. 
Gastric and intestinal phases are being simulated on a chip to 
study how carotenoid bioavailability changes as its incorpora-
tion into oil droplets changes.

Though more work is needed, White’s research sup-
ports an important finding. “We do not just need oil to absorb 
fat-soluble vitamins,” she says. “We also need oil to absorb 
beneficial bioactive components in plant sources.” Raw veg-
etables should be eaten with oil or as part of a lipid-rich meal 
if you want to get the most out of the nutrients they have to 
offer.

Olio is produced by Inform’s associate editor, Rebecca Guenard. 
She can be contacted at rebecca.guenard@aocs.org.

December 15-16, 2020 - The Sheraton New York Times Square   
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Carotenoid bioavailability is higher from salads 
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EU study predicts 33,000 
polymers may require  

REACH registration
Regulatory Review is a regular column featuring updates on regulatory 

matters concerning oils- and fats-related industries.

Some 33,000 polymers could require REACH 
registration under a possible proposal by the 
European Commission to bring some polymers 
within the scope of the regulation, accord-
ing to a major study commissioned by the EU 
executive. 

Of these, 11,000 would be “unique polymers,” consul-
tancy groups Wood and Peter Fisk Associates (PFA) concluded 
in a 345-page final report issued in July 2020. 

Unique polymers are groups of distinct substances that 
would require one registration. Grouping would allow these 
polymers to be registered together, backed by much of the 
same data, the report says. 

The report proposes criteria to identify polymers requir-
ing registration, assesses data requirements, and provides a 
detailed cost-benefit analysis.

The proposed criteria include:
• classification of the polymer in one of 11 classes of 

severe hazards under CLP;
• molecular weight (MW) below 1,000 Da or higher MW, 

but with certain content of oligomers below 500 Da and 
below 1,000 Da;

• cationicity, anionicity, or amphoteric properties (with a 
minimum ionic density), surface-active properties; and

• certain reactive functional groups.
Polymers that are suspected to present an equivalent haz-

ard as a polymer that meets the criteria should also be subject 
to registration, the report says.

GROUPING
The report suggests a framework for data sharing whereby 
groups of co-registrants come together through “inquiry-like” 
processes to establish the “sameness” of their substances.

While the fundamentals of REACH registration are 
“broadly applicable” to polymers, the report says, the estab-
lishment of sameness and groups to enable one registration 
per substance will be “very demanding.”

Therefore, the report adds, bringing co-registrants 
together to manage a joint submission and the formation 
of groups of polymers with potential for registration should 
be tackled together. And “every effort” should be made to 
encourage data sharing, subject to compensating owners and 
minimizing animal testing.

Guidance specific to polymers will be required to steer 
the registration process, data requirements, or derogations, 
it says. After that, inquiry-like processes similar to those per-
formed already for non-polymeric substances would be “a 
familiar and sensible first step” toward the establishment of 
co-registrant groups.

Two main types of grouping are identified:
• one to select the polymers for registration and allow 

manufacturers/importers to collaborate on registration; 
and

• one to facilitate cost-effective registration under the 
“one substance, one registration” principle.

It proposes adapting the REACH registration information 
requirements for polymers, dividing polymers into three types 
based on the MW.

The recommendations deal with polymeric substances in a 
way that is consistent with the non-polymeric substances, but 
which is proportionate to the relative level of concern for poly-
mers, the report says. Rational hazard-based proposals have 
been put forward for data requirements, it adds, with bioavail-
ability considered a “critical issue” and quantities placed on 
the market “also relevant.”

Groups could be formed by two different procedures:
• companies that know they manufacture or import the 

same polymer based on composition or market use; or
• in certain cases, co-registrant groups based on specific 

hazard, as expressed by compositional or physical data 
alone. This could include different, mainly non-bioavail-
able polymers but which could contain the same constit-
uents or functionalities which possess a particular hazard.

They should also agree on:
• whether closely related members could be registered 

together;
• the lead registrant;
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phone: +1 217-693-4831).

• the name of the substance under Echa guidance; and
• a description that would include certain criteria, 

for example molecular weight range, solubility, and 
biodegradability.

Noting that polymers can exhibit differences even when 
composition appears very similar on first examination, the 
report says the approach to sameness will need further work, 
“probably through guidance development.”

The Commission said it intends to publish a staff work-
ing document on polymers later this year. MEPs have called 
for polymer registration, and a draft Commission communi-
cation on the upcoming chemicals strategy, circulated in June 
2020, says the Commission will make a proposal to register a 
subset of polymers deemed to have similar hazards to other 
substances.

Meanwhile, Cefic is conducting pilot projects involving five 
industry sector groups to explore how grouping could work, 
with Echa providing scientific feedback. The sectors are amino 
resin polymers, surfactants, epoxy resins, acrylate resins, and 
polymer dispersions.

CONFIDENTIALITY
With a huge variety of polymers currently on the market, each 
tailored for different uses and changes carried out down the 

supply chain, manufacturers are apprehensive about sharing 
what they see as business confidential information.

The Wood-PFA report says this aspect and compensation 
for use of data will need to be “managed,” and a mechanism 
respecting confidentiality may require “additional consider-
ations” beyond the typical current practice for non-polymers.

The report proposes polymer identification criteria based 
on molecular weight (MW), prioritizing those with lower MW, 
and sets out data requirements that are tonnage dependent.

The simplest option, it says, is registration based on the 
whole substance tonnage.

Polymers could be considered as similar to multi-constit-
uent substances or those of unknown or variable composition, 
complex reaction products, or of biological materials (UVCB), 
which use this.

Some data requirements may not be relevant, however, par-
ticularly for higher molecular weight polymers, the report says.

Therefore, a series of testing strategies are proposed that 
enable an initial assessment. The results will indicate which 
further tests are relevant to derive a meaningful chemical 
safety assessment based on the polymer properties.

©2020. Text reproduced and modified from Chemical Watch by 
permission of CW Research Ltd. www.chemicalwatch.com.
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Leslie Kleiner

Recently, I read an article by Juan I. Martínez 
Dodda, published in the Argentinean newspaper 
Clarín, that discussed multifunctional landscapes 
and biological corridors for sustainable agricul-
ture in Argentina (https://www.clarin.com/rural/
hotel-insectos-apuesta-biodiversidad-campoagri-
colas). As sustainability is a growing topic of inter-
est, I reached out to a source interviewed for the 
Clarín article, Lucas Andreoni, agricultural engi-
neer, and consultant at BioRed, Argentina, to learn 
more about the topic. 

Q:  What are multifunctional landscapes and biological corri-
dors, and how do they work?

Multifunctional landscapes intend to maintain or improve agri-
cultural food production, while providing sustainable methods to 
ameliorate the burden on the soils.  An example of the use of mul-
tifunctional landscapes is the conversion of unusable soils with 
increased salinity, to acreage that allows the proliferation of eco-
systems that benefit the growth of grains.  In this sense, land man-
agement encourages the proliferation of ecosystems with insect 
biodiversity that enable the growth of better crops. In practice, spe-
cific grasses and/or flora can be introduced to attract specific insects 
that improve the local ecosystem. Multifunctional landscapes are 
aided by biological corridors that can host insects and pollinators 
along their flight path. These are concepts that are applied in horti-
culture and used in various countries. However, despite the role of 

Multifunctional landscapes 
and biological corridors for 

sustainable crop production

Latin America Update 
is a regular Inform 

column that features 
information about 

fats, oils, and related 
materials in that region.

Resources
[1] https://www.clarin.com/rural/
hotel-insectos-apuesta-biodiversidad-campoagricolas
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insects and pollinators being crucial for agricultural productiv-
ity, these concepts are not commonly seen in large-scale agri-
culture.  However, as sustainability continues to be a topic of 
interest for food production, it is important to assess how these 
concepts can transfer and adapt to larger scales.  

Q:  How can land management improve crop production? 
The loss of organic matter due to rotational crops is 

a challenge for crop production, as richer soils could yield more 
desirable traits in the crops (e.g., higher protein content, higher 
yield, and other improvements). Toward this end, there is also 
interest in reducing the chemical load of the soils (e.g., resid-
ual pesticides, herbicides, fertilizers, and other chemicals).  By 
developing a place like insect hotels, where insects could nest, 
lay eggs, and find refuge, it is possible to relieve the burden on 
the soils and manage the ecosystem. These hotels should be 
thought of as environmental indicators, in the sense that if these 
insects and pollinators proliferate, then there is appropriate 
management of resources to sustain that biodiversity. 

Q:  Insect hotels… how is this achieved?
Hotels can be made from recycled pallets, logs, 

pinecones, or any other material that allows cubicles for 
insects to reside in.  In general, there is information in the liter-
ature about the specific ecosystem preferred by bees, wasps, 
or other insects. It is also important to design the location of 
these hotels to allow measures of ecosystem changes to be 
made before and after. 

Latin America Update is produced by Leslie 
Kleiner, a senior research scientist and 
contributing editor of Inform.

Q:  Are there examples in which these methods have been 
implemented for the successful production of crops?

At this time, and along with three colleagues, we con-
sult for the sustainable management of 45,000 hectares in the 
province of Córdoba, Spain. We have successfully improved 
lands there for the production of soy, corn, wheat, sunflower, 
sorghum, and other crops. Because there is a lack of R&D on 
this topic in Argentina, we are collaborating with scientists 
from INTA (Instituto Nacional de Tecnología Agropecuaria 
/ National Institute of Agricultural Technology) and from 
CONICET (Consejo Nacional de Investigaciones Científicas y 
Técnicas/ National Council of Research and Development)  to 
quantify the impact and benefits of multifunctional landscapes 
and biological corridors. For this, we have installed several 
“insect hotels” in fields ranging from 1,600 to 3,500 hectares. 
Since sustainable agriculture is of interest for global food secu-
rity, the aim would be to eventually scale up to aid large-scale 
agriculture. 

Plant Protein Science  
and Technology Forum

An elevated, virtual AOCS protein event that will launch in October 2020

Sign up to receive notification  
when registration is open! 

plantprotein.aocs.org 

Consumers are pushing for more plant-based and animal-
free proteins to meet dietary preferences and a collective 
pursuit toward greater sustainability. Explore the latest 
research and technology of this emerging trend with live 
stream presentations and chats with presenters.

Updated featured session topics
l Processing and Utilization Technologies 
l Emerging Technologies for Plant Protein Quality-based 

Supply Chains
• US Soy 
• Global crops

l Human Health and Nutrition
l Companion Animal Nutrition: Dilated Cardiomyopathy (DCM)
l Sustainability

Discover the future of plant proteins

PlantProteinForum2020-Sep20i-halfH.indd   1PlantProteinForum2020-Sep20i-halfH.indd   1 7/24/20   11:00 AM7/24/20   11:00 AM
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MEMBER SPOTLIGHT

Meet Orayne Mullings

PROFESSIONAL 
What’s a typical day like for you?
As a newer engineer, my responsibilities range from sales 
(preparation of proposals, sizing and pricing equipment, main-
taining standard documents), to engineering (more detailed 
sizing, process conditions, whatever else is needed in the engi-
neering package), and whatever else lies in-between. 

My favorite part of my job is…
The different way it has allowed me to think about numbers. 
My engineering background means I am familiar with numbers 
and calculations in an abstract sense. This position has forced 
me to think about what these numbers mean in the real world. 

Why did you decide to do the work you are doing now?
I was focused on medicine and research throughout high 
school. My sister graduated from Georgia Tech eight years 
before me and was pursuing a secondary degree in chemical 
engineering when I entered my freshman year at Georgia Tech. 
She was able to get me some one-on-one time with professors 
and advisors to talk through my degree choice, and I decided 
that being a chemical engineer would give me a good knowl-
edge base and better work/life balance as well as career if I 
decided against medicine later. 

Is there an achievement or contribution that you are most 
proud of? Why?
Last year I completed the Spartan Race Trifecta and a sprint tri-
athlon. To do that, I had to set tangible goals and meet them. 

Member Spotlight is a regular column that features members  
who play critical roles in AOCS.

Fast facts 
Name Orayne Mullings

Joined AOCS 2016

Education B.S. in chemical engineering from 
the Georgia Institute of Technology 

Job title Inside sales engineer

Employer Desmet Ballestra

Current AOCS Co-chair, Young Professional 
involvement  Common Interest Group

Three Desmet Ballestra employees trained together and suc-
cessfully completed the Tri the Parks sprint triathlon (750-meter 
swim, 12.5-meter bicycle ride, 5-kilometer run) held in Atlanta, 
Georgia, USA, in 2019. From left to right: Michael Darcourt, 
Orayne Mullings, and Mike Griffin. At no point was it easy—sometimes it was fun—but overall I 

was able to prove to myself that I had the dedication and will-
power to follow through.

PERSONAL
What is the most impressive thing you know how to do?
Personally, I think my culinary forte is most impressive. I’m 
currently figuring out how to make the most healthful, quick 
meals I can and have become a regular at my local butcher 
shop. 

What skill would you like to master?
Public speaking. Seeing how confidently some coworkers are 
able to convey their thoughts to a room of people vs. how 
reserved they can be in other situations gives me the confi-
dence to believe it’s a skill that can be improved. I have no 
problem presenting and appearing confident, but I feel as 
though there’s a lot of room to improve.

What are some small things that make your day better?
Watching videos of different species of animals being friends.

What are you looking forward to in the coming months?
I’m planning to propose to my girlfriend, whom I’ve been with 
since college. She’s a big fan of Nick Cannon’s Wild ’N Out, a 
television show that started running when we were in middle 
school. I made plans for us to attend a filming in Atlanta where 
she’ll no doubt be terrified that I’m going to make a public 
proposal. In reality, I’ll take her after the show to a quiet spot 
nearby on our college campus where we celebrated our first 
anniversary and pop the question there.



40   •   inform   September 2020, Vol. 31 (8)   

PATENTS
Dairy cream alternative
von Harras; J.C., et al., Upfield US Inc., US10582719, March 10, 2020
 The invention relates to a fermented food product being a 
water-continuous emulsion and being spoonable and non-liquid 
at a temperature of 5°C. The food product has a pH-value between 
3.5 and 5.8, comprises at least 60 wt % water, and further comprises 
from 10 to 25 wt % fat and from 0.05 to 15 wt % protein. The inven-
tion further relates to a process for the preparation of such food 
products comprising the use of a palm-based fat comprising at least 
30 wt % of P2U triglycerides.

Equipment and method for producing fiber 
feed by using palm-processing by-products
Bae, H.D., et al., Il-Sung Construction Co., Ltd., US10582724, 
March 10, 2020
 The present invention uses empty fruit bunch (EFB) and fiber so 
as to crush and cut over a crushing process, adds water, adds soluble 
sugar and protein, mixes the same in an appropriate ratio, compresses 
the same to remove air, seals and leaves the same alone at a tempera-
ture of approximately 25 DEG C. for at least 30 days, and supplies 
process-completed products as fiber and energy feed for ruminants.

Method for producing multiple 
oil/fat compositions by complex 
transesterification reaction system
Watanabe, S., Fuji Oil Holdings Inc., US10590443, March 17, 2020
 The present invention addresses the problem of providing a 
method for effectively producing a target oil/fat that is rich in tri-
glyceride, by using liberated by-products such as fatty acid ester 
originating from starting material oil/fat that is separated from the 
target oil/fat efficiently after the reaction when producing the tar-
get oil/fat that is rich in triglyceride by a transesterification reaction 
using, for example, oil/fat and fatty acid ester as starting materials.

Compositions comprising a fatty acid oil 
mixture and a free fatty acid, and methods 
and uses thereof
Hustvedt, S.O., et al., Pronova Biopharm Norge AS, US10596142, 
March 24, 2020
 Compositions comprising a fatty acid oil mixture and at least 
one free fatty acid, and uses thereof are disclosed. Further dis-
closed are preconcentrates capable of forming a self- nanoemulsi-
fying drug delivery system (SNEDDS), a self-microemulsifying 
drug delivery system (SMEDDS) or self-emulsifying drug delivery 
systems (SEDDS) in an aqueous solution. Preferred fatty acids are 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in a 
form chosen from ethyl ester and triglyceride.

An AOCS Platinum Level Corporate Member

Process of extracting oil from thin stillage
Jump, J., et al., Novozymes A/S, US10597645, March 24, 2020
 A process of recovering oil, comprising (a) converting a 
starch-containing material into dextrins with an alpha-amylase; (b) 
saccharifying the dextrins using a carbohydrate source generating 
enzyme to form a sugar; (c) fermenting the sugar in a fermentation 
medium into a fermentation product using a fermenting organism; 
(d) recovering the fermentation product to form a whole stillage; 
(e) separating the whole stillage into thin stillage and wet cake; (e’) 
optionally concentrating the thin stillage into syrup; (f) recover-
ing oil from the thin stillage and/or optionally the syrup, wherein 
a protease and a phospholipase are present and/or added during 
steps (a) to (c). Use of a protease and a phospholipase for increasing 
oil recovery yields from thin stillage and/or syrup in a fermentation 
product production process.

Emulsified oils and blends
Windrix, J., US10617128, April 14, 2020
 Coconut oil, coconut oil blends that are high in MCTs, such as 
LouAna.RTM. liquid coconut oil, pure MCT oils, omega-3oils, can-
nabidiol (CBD), hemp extract, tree nut oil, macadamia oil, almond 
oil, cashew oil, avocado oil, docosahexaenoic acid (DHA), fish oil, 
and/or conjugated linoleic acid (CLA), may be emulsified to create 
an emulsified oil or blend that may take the form of a creamy shot or 
a cream substitute. These oils and/or blends may be emulsified using 
an emulsifier that may be selected from the following: sunflower leci-
thin, sodium stearoyl lactylate (SSL), acacia gum, beta-cyclodextrin, 
and combinations of same. By emulsifying these oils/oil blends, a 
good tasting creamy shot or a cream substitute can be formed.

Concentrated therapeutic phospholipid 
compositions
Sampalis; F., et al., Acasti Pharma Inc., US10617702, April 14, 2020
 The invention relates to concentrated therapeutic phospholipid 
compositions; methods for treating or preventing diseases associ-
ated with cardiovascular disease, metabolic syndrome, inflammation 
and diseases associated therewith, neurodevelopmental diseases, and 
neurodegenerative diseases, comprising administering an effective 
amount of a concentrated therapeutic phospholipid composition.

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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Editor’s choice/ 
pick of the month

Have you fallen behind on your journal reading 
this year? Keeping up with significant develop-
ments in oils, fats, proteins, surfactants, and 
related fields is important to your career. You 
can quickly catch up with developments pub-
lished in AOCS journals through July 2020, by 
reading these summaries of articles-of-the-
month picks from the Editors-in-Chief of the 
three journals. Look for more in the AOCS Jour-
nals column of the October issue.

JAOCS ARTICLES OF THE MONTH

Performance of high-oleic soybean cultivars derived from 
naturally occurring FAD2-1A and FAD2-1B mutants
Full article at: https://doi.org/10.1002/aocs.12306

Superior oxidative stability makes high-oleic soybean oils 
valuable to both industrial and food applications, potentially 
making them more lucrative than other seed oils. Alleles of two 
mutant genes, FAD2-1A and FAD2-1B, are needed to consistently 
produce a high-oleic acid accumulation. In the paper, “Field 
Performance of High Oleic Soybeans with Mutant FAD2-1A an
d FAD2-1B Genes in Tennessee,” Mia Cunicelli and colleagues 
at the University of Tennessee, Knoxville, in collaboration with 
researchers at the University of Georgia, Athens, and USDA-
ARS, Columbia, Missouri, examine the agronomic properties 
of four, double-homozygous genotypic classes for the FAD2-1A 
and FAD2-1B loci. They found no seed yield differences between 
the high-oleic genotypic group and other groups, although 
differences were observed in fatty acid profiles and oil and 
protein concentrations.

A study of cyclic fatty acid monomer formation
Full article at: https://doi.org/10.1002/aocs.12348

Alpha-linolenic acid (ALA) is an omega-3 fatty acid that 
has various health benefits. However, when oils containing 
ALA are exposed to high temperature refining and deep-frying 
processes, double bond isomerization can lead to cyclic fatty 
acid monomers (CFAM) that have been shown to have delete-
rious health implications. The JAOCS article of the month, cho-
sen by Editor-in-Chief James Kenar, is “Formation Kinetics of 
Monomeric Cyclic Fatty Acid Methyl Esters of Alpha-Linolenic 
Acid: Effects of Mono cis/trans Isomers” by Paul Angers and 
colleagues at the Université Laval, Québec, Canada, in collab-

oration with Institut National de la Recherche Agronomique 
(INRA), France. The paper examines the formation of CFAM 
derived from heating various enriched ALA geometrical isomer 
mixtures at 275°C. The authors demonstrate carbon-9 and -15 
mono-trans isomers form CFAM at an accelerated rate com-
pared to the corresponding cis isomers, leading to higher levels 
of CFAM over shorter time periods. 

LIPIDS ARTICLE OF THE MONTH

Respiratory diseases found to affect lipid metabolism
Full article at: https://doi.org/10.1002/lipd.12230

Ceramide species are bioactive sphingolipids function-
ing in the regulation of various cellular processes. In the arti-
cle titled, “Plasma Ceramides and Sphingomyelins of Pediatric 
Patients Increase in Primary Ciliary Dyskinesia but Decrease 
in Cystic Fibrosis,” Dilara Bal Topçu, et al., from Hacettepe 
University in Turkey, studied how ceramide concentrations in 
the blood changed as a result of two different respiratory con-
ditions. They compared healthy pediatric patients to patients 
with cystic fibrosis and primary ciliary dyskinesia and found 
a dramatic difference in plasma sphingomyelin and ceramide 
levels. Their results suggest that cilia pathology seems to alter 
sphingolipid metabolism and points to a possible target for 
treating these diseases. 

JSD ARTICLE OF THE MONTH

Increased plant root development for soybeans 
through treatment with biosurfactants
Full article at: https://doi.org/10.1002/jsde.12383

In “Rhamnolipid Effects on Water Imbibition, Germination, 
and Initial Root and Shoot Growth of Soybeans,” coauthors 
Ashwin Sancheti and Lu-Kwang Ju of the University of Akron, 
USA, discuss an important factor in the cultivation of soy-
beans, the need to reduce the imbibition of water by soy-
beans during seed germination. The authors investigated the 
treatment of soybean seeds with rhamnolipids, glycolipid bio-
surfactants produced by the bacterium Pseudomonas aeru-
ginosa, as a means of reducing imbibition. The biosurfactants 
have an excellent ecotoxicity profile, are readily biodegrad-
able, and penetrate into seed coatings. Treatment of soybeans 
with water containing 0.5-1.0 g/L of rhamnolipid signifi-
cantly increased the lateral growth of plant roots but slightly 
decreased the germination rate. “Further research is needed 
to more deeply understand the complex relationship between 
the biosurfactants and plant germination,” says JSD Editor-in-
Chief Doug Hayes. 
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Aflatoxin in Corn Meal
First Place
Patricia Sanchez
SGS Argentina SA
Buenos Aires CF C1430 DNN  
Argentina
Honorable Mention
Cindy McCormick
Office of the Texas State Chemist
College Station, TX 77841 USA

Aflatoxin in Corn Meal Test Kit
First Place
Kayla Castleberry 
JLA De Leon
De Leon, TX 76444 USA
Honorable Mention
Gordon Thomas
New Jersey Feed Lab, Inc
Ewing, NJ 08638 USA
Chanin Craft
South Carolina Dept. of Agriculture
West Columbia, SC 29172 USA

Aflatoxin in Peanut Paste
First Place (tie)
Polly Liu
SGS-CSTC Standards Technical 
Services Co., Ltd
Tianjin China
Zhang Peng (tie)
JLA China Inc.
Qindao Shandong 266000 China
Honorable Mention
Willians Santos
Clasp Classificacao E Analises
Santa Cruz Do Tio Pardo SP 18900-
000 Brazil
Pranell Freeman
JLAI
Blakely, GA 39823 USA
Fran Fletcher
IEH-Douglas
Douglas, GA 31535 USA

Aflatoxin in Peanut Paste Test 
Kit
First Place
Guadalupe Ibarra
JLA
Arbuckle, CA 99512 USA
Honorable Mention
Michael Miller
USDA, AMS, S& T, LATD, NSL – 
Blakely Laboratory
Blakely, GA 39823 USA
Andrea Boyd
USDA, AMS, S& T, LATD, NSL – 
Blakely Laboratory
Blakely, GA 39823 USA
Estra Batten
JLA USA
Ashburn, GA 31714 USA

Aflatoxin in Pistachio and 
Almond
First Place
Adriana Bueno
Setton Pistachio of Terra Bella Inc.
Terra Bella, CA 93270 USA
Honorable Mention
Aflatoxin Department

IEH-JL Analytical
Modesto, CA 95358 USA
Stephanie Ellis
Nestle Purina PetCare Co.
St. Louis, MO 63164 USA

Cholesterol
First Place
Angie Johnson
Keyleaf
Saskatoon SK S7N 2R4 Canada
Honorable Mention
Jocelyn Alfieri
Silliker Canada Co.
Markham ON L3R 5V5 Canada

DDGS from Corn Meal
First Place
Dennis Hogan
SDK Laboratories
Hutchinson, KS 67501 USA
Honorable Mention
Anders Thomsen
Eurofins Nutrition Analysis Center
Des Moines, IA 50321 USA

Edible Fat
First Place 
Jerry Buttell
AGP 
Hastings, NE 68901 USA
Honorable Mention
James Houghton
AAK USA Inc.
Louisville, KY 40208 USA
Travis Patterson
AGP
Hastings, NE 68901 USA
Rosalin Manalang
AAK USA Richmond Corp.
Richmond, CA 94804 USA
Felicia Melendez
AGP 
Hastings, NE 68901 USA
Konni Shipman
AGP
Hastings, NE 68901 USA
Wade Chase
AGP
Hastings, NE 68901 USA

Feed Microscopy
First Place 
Sirithon Tubsangtong
Charoen Pokphand Foods PCL
Bangkok 10500 Thailand
Second Place
Michael Olivarez
Office of the Texas State Chemist
Seattle, WA 98104
Third Place
Jim Selkirk
Wisconsin Dept. of Agriculture
Madison, WA 53718

Fish Meal
First Place
Pete Cartwright
New Jersey Feed lab Inc.
Ewing, NJ 8638 USA
Honorable Mention
Eladio Munoz

SGS Deo Peru SAC
Callao 7001 Peru

Gas Chromagraphy
First Place 
Jamie Ayton
NSW Dept. of Primary Industries
Wagga Wagga NSW 2650 Australia
Honorable Mention
Razmah Ghazali
Malaysian Palm Oil Board AOTD
Kajang Selangor 43000 Malaysia
JLA Analytical Team
JLA USA
Edenton, NC 27932 USA
Zachary Martin
Darling Ingredients
Ankeny, IA 50021 USA
Claudia Guillaume
Modern Olives
Lara VIC 3212 Australia
Brenden Lautenbach
Bunge Loders Croklaan
Channahon, IL 60410 USA
Heather Dahl
Viterra USA LLC
Warden, WA 98857 USA
Oilseed Lab
Canadian Grain Commission
Winnipeg MB R3C 3G8 Canada
Yong Choi
Nuseed
West Sacramento, CA 95605 USA

GOED Nutraceutical Oils
First Place
Beatriz Valdes (tie)
Pharma Marine AS
Sovik 6280 Norway
QC Laboratory  (tie)
Helene Jehanno
Eric La Naour
Polaris
La Foret, Fouesnant 29940 France
Honorable Mention
Edith Von Kries
BASF Personal Care & Nutrition
Illertissen 89257 Germany
Lara Bjorgvinsdottir
Lysi
Reykjavik 101 Iceland
Birgitte Ansok
Marine Ingredients A/S
Brattvag 6270 Norway
Magdalena Sobieska-Pietrzak
GC Rieber Oils A/S 
Kristiansund N6512 Norway

Marine Oil
First Place
Nancy Roman
Omega Protein Inc.
Reedville, VA 25539 USA
Honorable Mention
Eladio Munoz
SGS Del Peru SAC
Callao 7001 Peru
Rebecca Robertson
Omega Protein Inc.
Reedville, VA 25539 USA
Gordon Thomas
New Jersey Feed Lab, Inc
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Ewing NJ 08638 USA
Carlos Gallegos
Indugras
Concepcion Otava Region 4190000 
Chile

Marine Oil Fatty Acid Profile
First Place
Pete Cartwright
New Jersey Feed Lab Inc.
Ewing, NJ 08638 USA
Honorable Mention
Angie Johnson
Keyleaf
Saskatoon SK S7N 2R4 Canada
QC Laboratory
Helene Jehanno
Eric La Naour
Polaris
La Foret, Fouesnant 29940 France
Paula Valderrama
Innocon SA
Concepcion, Biobio 4070274 Chile

NIOP Fats and Oils
First Place
Melanie Greer 
Dallas Group of America, Inc.
Jeffersonville, IN 47130 USA
Honorable Mention
Rachel Tan 
PT Musim Mas
Medan 20371 Indonesia
George Hicks
Dallas Group of America, Inc.
Jeffersonville, IN 47130 USA

Nutritional Labeling
First Place
Jocelyn Alfieri
Silliker Canada Co. USA
Honorable Mention
Thomas Mawhinney
University of Missouri
Columbia, MO 65211 USA

Oilseed Meal
First Place 
Jennie Stewart/Brad Beavers
Carolina Analytical Services LLC
Bear Creek, NC 27207 USA
Honorable Mention
Lidieth Solera Carranza
INOLASA
Puntarenas 6651-1000 Costa Rica
Anders Thomsen
Eurofins Nutrition Analysis Center
Des Moines, IA 50321 USA
Tyler Hack
Amspec
Webster, TX 77598 USA
Mumtaz Haider
Amspec
Webster, TX 77598 USA
Trevor Meredith
Solbar Protein Foods LTD
Ashdod 77100 Israel

Olive Oil Part A
First Place
Vera Chen
Catania Oils, Inc

Ayer MA 01432USA
Honorable Mention
Alex Vargo
Pompeian Inc.
Baltimore, MD 21224 USA
Ryan Drazenovic
Pompeian Inc.
Baltimore, MD 21224USA

Olive Oil Part B
First Place
Gwendolyn Truong
Sunset Olive Oil
Montebello, CA 90640 USA
Honorable Mention
Vera Chen
Catania Oils, Inc.
Ayer, MA 01432 USA
Zhennian Huang
Catania Oils, Inc.
Ayer, MA 01432 USA

Olive Oil Part C
First Place 
Vera Chen
Catania Oils, Inc.
Ayer, MA 01432 USA
Honorable Mention
Zhennian Huang
Catania Oils, Inc.
Ayer, MA 01432 USA
Alex Vargo
Pompeian Inc.
Baltimore, MD 21224 USA

Palm Oil
First Place
Tiam Huat Goh
PT Musim Mas
Medan North Sumatra 20371 
Indonesia
Honorable Mention
Bee Suan Tan
Southern Edible Oil Industries Sdn 
Bhd
Kapar Klang Selangor 42200 
Malaysia
Cheah Ping Cheong
Indelab Sdn Bhd
Port Klang SGR 42000 Malaysia
Mohamed Fathi Nazier
IFFCO
Suez 204 Egypt

Peanut
First Place
Kelvin Thomas
USDA, AMS, S& T, LATD, NSL – 
Blakely Laboratory
Blakely, GA 39623 USA
Honorable Mention
Curtis L. Wade Sr.
USDA, AMS, S& T, LATD, NSL – 
Blakely Laboratory
Blakely, GA 39623 USA

Phosphorus in Oil
First Place
Jennifer Godsey
Bunge North America
Decatur, IN 46733 USA
Honorable Mention
Amy Watson

Riceland Foods Inc.
Stuttgart, AR 72160 USA
Maria Lina Dionisio
Sovena Oilseeds
Almada 2801-801 Portugal

Solid Fat Content by NMR
First Place
Joseph Maher
Laurel Springs, NJ 8021 USA
Honorable Mention
Ricardo Arevalo Bravo
Grupo Agroindustrial Numar 
San Jose Costa Rica

Soybean Oil
First Place
Molly Harris
Owensboro Grain Edible Oils
Owensboro, KY 42301 USA
Honorable Mention
John Reuther
Eurofins Central Analytical Labs
New Orleans, LA 70122 USA

Soybeans
First Place
Tuyen Mai
Intertek Agri/Food Service
New Orleans, LA 70122 USA
Honorable Mention
Sara Esquivel Candia
CAIASA
Asuncion 1892 Paraguay

Specialty Oils
First Place
Heather Dahl
Viterra USA LLC
Warden, WA 98857 USA
Honorable Mention
Terence McGeown
Nature’s Crops International
Kensington PC CO8 1M0 Canada
Thomas Mawhinney
University of Missouri
Columbia, MO 65211 USA

Tallow and Grease
First Place
Adalberto Coronado
National Beef Packing Co.
Liberal, KS 67901 USA
Honorable Mention
Anne Trembley
Sanimax ACI, Inc.
Charny, QC G6X 3R4 Canada
Mike Clayton
National Beef Packing, Co.
Dodge City, KS 67801 USA
Zachary DeWilde
Sanimax
Green Bay, WI 54303 USA

Trace Metals in Oil
First Place
Heather Dahl

Viterra USA LLC
Warden, WA 98857 USA
Honorable Mention
Jose Adolfo Juarez Chavez
Proteinas Naturales SA de CV
Guadalupe Nuevo Leon 67130 
Mexico
John Reuther
Eurofins Central Analytical labs
New Orleans, LA 70122 USA

trans Fatty Acid Content
First Place
Darcy Schroeder
Hormel Laboratories
Austin, TX 55912 USA
Honorable Mention
Piyanut Boriboonwiggai
Thai Vegetable Oil Public Co., Ltd
Nakhon Pathom73120 Thailand
Jamie Ayton
NSW Dept. of Primary Industries
Wagga Wagga NSW 2650 Australia
Jocelyn Alfieri
Silliker Canada Co.
Markham, ON L3R 5V5 Canada

Unground Soybean Meal
First Place
Ma Yinxia
Bunge Chia Tai Grain and Oilseeds 
Ltd.
Tianjin 300457 China
Honorable Mention
Jennie Stewart/ Brad Beavers
Carolina Analytical Services
Bear Creek, NC 27207 USA
Jun Zhang
Bunge Taixing Zhenhua Oil & Fats 
Co. Ltd.
Jiangsu 22504 China
Adelia Metello
Superinspect Ltda.
Barra Da Tijuca, RJ 22640-102 
Brazil
Roger Beers
Barrow Agee Laboratories LLC
Memphis, TN 38116 USA
Michael Hawkins
Barrow Agee Laboratories LLC
Memphis, TN 38116 USA
Frank Hahn
Hahn Laboratories, Inc.
Columbia, SC 38116 USA
Amanda Self 
Barrow Agee Laboratories LLC
Memphis, TN 38116 USA
Augustin Rodriguez Arguello
Proteinas Naturales SA de CV
Guadalupe, NL 67130  Mexico

Vegetable Oil for Color Only
First Place
Goran Mijokovic
Bunge 
Hamilton, ON L8L 8G7 Canada
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AOCS 
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Aflatoxin in Corn Meal
First Place
Patricia Sanchez
SGS Argentina SA
Buenos Aires CF C1430 DNN  
Argentina
Honorable Mention
Cindy McCormick
Office of the Texas State Chemist
College Station, TX 77841 USA

Aflatoxin in Corn Meal Test Kit
First Place
Kayla Castleberry 
JLA De Leon
De Leon, TX 76444 USA
Honorable Mention
Gordon Thomas
New Jersey Feed Lab, Inc
Ewing, NJ 08638 USA
Chanin Craft
South Carolina Dept. of Agriculture
West Columbia, SC 29172 USA

Aflatoxin in Peanut Paste
First Place (tie)
Polly Liu
SGS-CSTC Standards Technical 
Services Co., Ltd
Tianjin China
Zhang Peng (tie)
JLA China Inc.
Qindao Shandong 266000 China
Honorable Mention
Willians Santos
Clasp Classificacao E Analises
Santa Cruz Do Tio Pardo SP 18900-
000 Brazil
Pranell Freeman
JLAI
Blakely, GA 39823 USA
Fran Fletcher
IEH-Douglas
Douglas, GA 31535 USA

Aflatoxin in Peanut Paste Test 
Kit
First Place
Guadalupe Ibarra
JLA
Arbuckle, CA 99512 USA
Honorable Mention
Michael Miller
USDA, AMS, S& T, LATD, NSL – 
Blakely Laboratory
Blakely, GA 39823 USA
Andrea Boyd
USDA, AMS, S& T, LATD, NSL – 
Blakely Laboratory
Blakely, GA 39823 USA
Estra Batten
JLA USA
Ashburn, GA 31714 USA

Aflatoxin in Pistachio and 
Almond
First Place
Adriana Bueno
Setton Pistachio of Terra Bella Inc.
Terra Bella, CA 93270 USA
Honorable Mention
Aflatoxin Department

IEH-JL Analytical
Modesto, CA 95358 USA
Stephanie Ellis
Nestle Purina PetCare Co.
St. Louis, MO 63164 USA

Cholesterol
First Place
Angie Johnson
Keyleaf
Saskatoon SK S7N 2R4 Canada
Honorable Mention
Jocelyn Alfieri
Silliker Canada Co.
Markham ON L3R 5V5 Canada

DDGS from Corn Meal
First Place
Dennis Hogan
SDK Laboratories
Hutchinson, KS 67501 USA
Honorable Mention
Anders Thomsen
Eurofins Nutrition Analysis Center
Des Moines, IA 50321 USA

Edible Fat
First Place 
Jerry Buttell
AGP 
Hastings, NE 68901 USA
Honorable Mention
James Houghton
AAK USA Inc.
Louisville, KY 40208 USA
Travis Patterson
AGP
Hastings, NE 68901 USA
Rosalin Manalang
AAK USA Richmond Corp.
Richmond, CA 94804 USA
Felicia Melendez
AGP 
Hastings, NE 68901 USA
Konni Shipman
AGP
Hastings, NE 68901 USA
Wade Chase
AGP
Hastings, NE 68901 USA

Feed Microscopy
First Place 
Sirithon Tubsangtong
Charoen Pokphand Foods PCL
Bangkok 10500 Thailand
Second Place
Michael Olivarez
Office of the Texas State Chemist
Seattle, WA 98104
Third Place
Jim Selkirk
Wisconsin Dept. of Agriculture
Madison, WA 53718

Fish Meal
First Place
Pete Cartwright
New Jersey Feed lab Inc.
Ewing, NJ 8638 USA
Honorable Mention
Eladio Munoz

SGS Deo Peru SAC
Callao 7001 Peru

Gas Chromagraphy
First Place 
Jamie Ayton
NSW Dept. of Primary Industries
Wagga Wagga NSW 2650 Australia
Honorable Mention
Razmah Ghazali
Malaysian Palm Oil Board AOTD
Kajang Selangor 43000 Malaysia
JLA Analytical Team
JLA USA
Edenton, NC 27932 USA
Zachary Martin
Darling Ingredients
Ankeny, IA 50021 USA
Claudia Guillaume
Modern Olives
Lara VIC 3212 Australia
Brenden Lautenbach
Bunge Loders Croklaan
Channahon, IL 60410 USA
Heather Dahl
Viterra USA LLC
Warden, WA 98857 USA
Oilseed Lab
Canadian Grain Commission
Winnipeg MB R3C 3G8 Canada
Yong Choi
Nuseed
West Sacramento, CA 95605 USA

GOED Nutraceutical Oils
First Place
Beatriz Valdes (tie)
Pharma Marine AS
Sovik 6280 Norway
QC Laboratory  (tie)
Helene Jehanno
Eric La Naour
Polaris
La Foret, Fouesnant 29940 France
Honorable Mention
Edith Von Kries
BASF Personal Care & Nutrition
Illertissen 89257 Germany
Lara Bjorgvinsdottir
Lysi
Reykjavik 101 Iceland
Birgitte Ansok
Marine Ingredients A/S
Brattvag 6270 Norway
Magdalena Sobieska-Pietrzak
GC Rieber Oils A/S 
Kristiansund N6512 Norway

Marine Oil
First Place
Nancy Roman
Omega Protein Inc.
Reedville, VA 25539 USA
Honorable Mention
Eladio Munoz
SGS Del Peru SAC
Callao 7001 Peru
Rebecca Robertson
Omega Protein Inc.
Reedville, VA 25539 USA
Gordon Thomas
New Jersey Feed Lab, Inc
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EXTRACTS & 
DISTILLATES

Review Articles
BIO  IOP  Metabolic engineering for 

increased lipid accumulation in Yarrowia 
lipolytica–a review
Wang, J., et al., Bioresour. Technol. Available online 21 June 2020,
https://doi.org/10.1016/j.biortech.2020.123707.
 Current energy security and climate change policies encour-
age the development and utilization of bioenergy. Oleaginous 
yeasts provide a particularly attractive platform for the sustainable 
production of biofuels and industrial chemicals due to their ability 
to accumulate high amounts of lipids. In particular, microbial lip-
ids in the form of triacylglycerides (TAGs) produced from renew-
able feedstocks have attracted considerable attention because they 
can be directly used in the production of biodiesel and oleochem-
icals analogous to petrochemicals. As an oleaginous yeast that is 
generally regarded as safe, Yarrowia lipolytica has been extensively 
studied, with large amounts of data on its lipid metabolism, genetic 
tools, and genome sequencing and annotation. In this review, we 
highlight the newest strategies for increasing lipid accumulation 
using metabolic engineering and summarize the research advances 
on the overaccumulation of lipids in Y. lipolytica. Finally, perspec-
tives for future engineering approaches are proposed.

EAT  LOQ  Compressed fluids and 
phytochemical profiling tools to obtain and 
characterize antiviral and anti-inflammatory 
compounds from natural sources
Poletto, P., et al., TrAC Trends in Anal. Chem. 129: 115942, 2020
https://doi.org/10.1016/j.trac.2020.115942.
 Many natural compounds, found mainly in plants, are asso-
ciated with the treatment of various diseases. The search for nat-

ural therapeutic agents includes compounds with antiviral and 
anti-inflammatory activities. Among the many steps involved in 
bioprospection, extraction is the first and most critical step for 
obtaining bioactive compounds. One of the main advantages of 
using compressed fluids extraction is the high quality of the final 
product obtained due to the use of green solvents, while the selec-
tivity toward target compounds can be tuned by adjusting pro-
cess parameters, especially pressure, temperature, and solvent 
characteristics. In this review, a discussion is provided on the 
power of compressed fluids, such as supercritical fluid extraction 
(SFE), pressurized liquid extraction (PLE), and subcritical water 
extraction (SWE) to obtain antiviral and anti-inflammatory com-
pounds from natural sources. An adequate knowledge about the 
identity and quantity of the compounds present in the extract is 
essential to correlate biological activity with chemical compo-
sition. Phytochemical profiling tools used to identify and quan-
tify these bioactive natural compound are also discussed. It can 
be anticipated that after the current SARS-COV-2 pandemic, the 
search for new natural compounds with antiviral and anti-inflam-
matory activity will be a hot research topic. This review provides 
an overview on the technologies currently used that could help this 
research.

H&N  EAT  PCP  IOP  Edible insects: an 
alternative of nutritional, functional, and 
bioactive compounds
Andressa Jantzen da Silva Lucas, A.J., et al., Food Chem. 311: 
126022, 2020, https://doi.org/10.1016/j.foodchem.2019.126022. 
 The ingestion of insects has become a new trend in food sci-
ence approximately since 2013, when the Food and Agriculture 
Organization of the United Nations (FAO) published a document 
entitled “Edible Insects: Future Perspectives of Food and Nutrition 
Security.” Since then, a growing body of research related to insects 
as a food source has emerged; however, little is known about the 
composition of their nutrients. This review describes and compares 
the nutritional composition, functionality, and the bioactive com-
pounds present in different insects, as these have been shown to 
be a source of healthy food with high protein content, significant 
amount of lipids, vitamins, minerals, and fibers, present in the form 
of chitin in the exoskeleton of the insects. Additionally, the issues 
related to entomophagy and the possible risks that should be con-
sidered when consuming insects are discussed.

IOP  PRO  Assessment of the production of 
biodiesel from urban wastewater-derived 
lipids
Frkova, Z., et al., Resour. Conserv. Recy. 162: 105044, November 
2020, https://doi.org/10.1016/j.resconrec.2020.105044.
 This review aims to provide up-to-date knowledge on the 
existing reuse of lipids from urban wastewater to produce biodiesel. 
Lipids are readily removed by mixed microbial populations during 
wastewater treatments in sewage plants. Assessment results on 
potential annual European market supply indicate 3–414 104 tons 
(min for activated and max for grease trap sludge) of potentially 
extractable biodiesel from wastewater, and an expected biodiesel 

The full version of all AOCS journal articles are available online to 
members at www.aocs.org/journal. This column builds on that mem-
ber benefit by primarily highlighting articles from other journals. 

ANA  Analytical BIO  Biotechnology
EAT  Edible Applications LOQ  Lipid Oxidation and Quality 
H&N  Health and Nutrition IOP  Industrial Oil Products
PRO  Processing PCP  Protein and Co-Products 
S&D  Surfactants and Detergents
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demand of 14.8 106 tons. Considering the prospect of transforming 
sewage plants into biorefineries, we may cover on average 1.5, 6.2, 
6.7 and 24.4% of activated, primary, scum, and grease trap sludge 
respectively, of the European biodiesel market from wastewater-de-
rived lipids. In addition, by implementing an optimized biotech-
nology selector, the overall biodiesel yield could be higher due to 
increased lipid incorporation into microbial biomass. This is not an 
insignificant amount and, if efficiently implemented, could repre-
sent an exploitable resource for biofuel production, an important 
and desired step towards a circular economy. The technology read-
iness level is still very low. There are several challenges and possible 
drawbacks, e.g., biogas yield loss, substrate depletion, or formation 
of floating sludge. Finally, no definitive legislative barriers toward 
wastewater-derived lipids have been identified; however, quality 
criteria as well as waste status must be defined.

Original Articles
BIO  EAT  IOP  Production of tailor-made 

fatty acids from crude glycerol at low pH 
by Yarrowia lipolytica
Dobrowolski, A., et al., Bioresour. Technol. 314: 123746, October 
2020, https://doi.org/10.1016/j.biortech.2020.123746.
 Single cell oil (SCO) can play two distinct roles: first as a sup-
plier of functional oils, and second as a feedstock for the biodiesel 

industry. These two distinct functions require a different fatty acids 
(FA) profile in the lipid pool. Moreover, to exploit their potential 
for industrialization, it is necessary to employ a low-cost substrate. 
Crude glycerol is the main side-product of biodiesel production. 
This renewable feedstock is a favorable substrate for Yarrowia lip-
olytica. In this study, we improved polyunsaturated fatty acids 
(PUFA) synthesis by overexpression of the glycerol phosphate acyl-
transferase gene (SCT1). Here, we established a method to alter 
the quantity and FA composition of SCO. The engineered strain 
showed a 10-fold improvement (>20%) in linoleic acid synthesis 
(C18:2) in a shake-flask experiment. In a fermenter study co-over-
expression of glycerol kinase (GUT1) and SCT1 allowed for 3-fold 
improvement in C18:2 synthesis from crude glycerol and at low pH.

BIO  IOP  PRO  From paper mill waste 
to single cell oil: enzymatic hydrolysis 
to sugars and their fermentation into 
microbial oil by the yeast Lipomyces 
starkeyi
Di Fidio, N., et al., Bioresour. Technol. Available online, July 6, 2020,
https://doi.org/10.1016/j.biortech.2020.123790.
 Single cell oil (SCO) represents an outstanding alternative 
to both fossil sources and vegetable oils from food crops waste. In 
this work, an innovative two-step process for the conversion of cel-
lulosic paper mill waste into SCO was proposed and optimized. 

Recognizing and 
supporting the next 
generation of scientists 
and professionals
You can foster students aspiring to work 
in industries focused on fats, oils, proteins 
and surfactants by giving to the AOCS 
Foundation. Your gift supports the AOCS 
Student Awards Program. 

Our goal is to inspire, support and mentor 
students who will become innovators and 
leaders in their respective areas of focus. 
By recognizing these future generations 
of scientists and professionals, we can 
guarantee the continued progress of 
research and innovation that is at the 
heart of AOCS and essential to our 
community’s future. 

To find out more about giving to the  
AOCS Foundation, visit  
www.aocs.org/foundation.
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Hydrolysates containing glucose and xylose were produced by 
enzymatic hydrolysis of the untreated waste. Under the optimized 
reaction conditions (Cellic® CTec2 25 FPU/g glucan, 48 h, bio-
mass loading 20 g/L), glucose and xylose yields of 95 mol% were 
reached. The undetoxified hydrolysate was adopted as substrate 
for a batch-mode fermentation by the oleaginous yeast Lipomyces 
starkeyi. Lipid yield, content for single cell, production, and max-
imum oil productivity were 20.2 wt%, 37 wt%, 3.7 g/L and 2.0 
g/L/d, respectively. This new generation oil, obtained from a nega-
tive value industrial waste, represents a promising platform chemi-
cal for the production of biodiesel, biosurfactants, animal feed and 
biobased plastics.

BIO  Exogenous calcium deflects grape 
berry metabolism toward the production 
of more stilbenoids and less anthocyanins
Martins, V., et al., Food Chem. 313: 126123, 2020,  
https://doi.org/10.1016/j.foodchem.2019.126123. 
 Calcium supplements have increasingly been used at pre- 
and post-harvest stages for improving fruit firmness, but elevated 
calcium levels in grape cells were shown to reduce total anthocy-
anin content. In this study, we hypothesized that exogenous cal-
cium influences specific polyphenolic compounds, and performed 
targeted UPLC-MS analysis in fruits collected from vines cv. 
“Vinhão” sprayed with 2% (w/v) CaCl2 throughout the fruiting sea-
son, in two consecutive vintages, and in grape cell cultures elicited 

with calcium. Results showed that anthocyanin content is reduced 
upon calcium treatment, while stilbenoid synthesis is generally 
stimulated, in line with UFGT and STS expression patterns. The 
main metabolites involved in this response were malvidin-3-O-glu-
coside, E-piceid, E-ε-viniferin, and E-resveratrol. The accumula-
tion of phenolic acids, catechin, and some quercetin derivatives was 
also favored by calcium, while other flavonols and flavan-3-ols were 
affected according to the vintage and berry developmental stage. In 
cell cultures, the entire flavonoid pathway was repressed.

EAT  LOQ  Content of phenolic compounds 
and mannitol in olive leaves extracts from 
six Spanish cultivars: extraction with the 
Soxhlet method and pressurized liquids
Lama-Muñoz, A., et al., Food Chem. 320: 126626, 2020,  
https://doi.org/10.1016/j.foodchem.2020.126626. 
 Olive leaves are considered a promising source of bioactives, 
such as phenolic compounds and mannitol. The extraction of high 
added-value products is an issue of great interest and importance 
from the point of view of their exploitation. However, the content of 
these compounds can differ between cultivars and extraction meth-
ods. In this work, six olive leaves cultivars, including three wild 
cultivars, and two extraction processes (an innovative and alterna-
tive technique, pressurized liquid extraction, and a conventional 
Soxhlet extraction) were evaluated and compared toward the selec-
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tive recovery of bioactive compounds. The wild cultivars showed 
the highest content of phenolic and flavonoid compounds, with 
leuropein being the compound present in higher amount. Findings 
also revealed that the highest mannitol content in the extracts was 
observed with the commercial cultivars, specifically in Arbequina. 
It is thus possible to decide which cultivars to use to obtain the 
highest yield of each bioproduct.

EAT  LOQ  Accelerated storage conditions’ 
effect on ginger- and turmeric-enriched 
soybean oils with comparing a synthetic 
antioxidant BHT
Tinello, F. and A. Lante, LWT 131: 109797, 2020,  
https://doi.org/10.1016/j.lwt.2020.109797.
 Commercial and freeze-dried powders of ginger and tur-
meric rhizomes were incorporated in the soybean oil at the con-
centration of 10% (w/w) to develop a food seasoning containing 
natural antioxidants to improve lipid stability. The phenolic com-
position, antioxidant activity, and oxidative stability of ginger- and 
turmeric-enriched soybean oils were evaluated during storage at 
62°C for 28 days. The phenolic characterization was performed 
by detecting total polyphenols through Folin-Ciocalteu assay and 
HPLC analyzing 6-gingerol and curcumin, respectively. The anti-
oxidant activity was spectrophotometrically measured through 
2,2-di(4-tertoctylphenyl)-1-picrylhydrazyl (DPPH) radical scav-
enging capacity and ferric ion reducing antioxidant power (FRAP) 
assays. The peroxide value (PV) and induction period (IP) have 
been determined through spectrophotometric and Rancimat meth-
ods thus monitoring the primary and secondary phases of lipid oxi-
dation, respectively. The addition of freeze-dried powders derived 
especially from turmeric rhizome contributed to enhanced anti-
oxidant activity and oxidative stability of soybean oil under accel-
erated storage conditions thanks to its enrichment in bioactive 
compounds highly resistant to thermal degradation. Hence, ginger 
and turmeric powders can be valorized as functional ingredients to 
be incorporated in vegetable oils for preventing their lipid structure 
against to oxidation, and simultaneously providing health benefits 
to consumers.

EAT  LOQ  Selective extraction of polar lipids 
of mango kernel using supercritical carbon 
dioxide (SC-CO₂) extraction: process 
optimization of extract yield/phosphorous 
content and economic evaluation
Kayathi, A., Chemosphere, In Press, journal pre-proof, 127639, 
2020, https://doi.org/10.1016/j.chemosphere.2020.127639.
 Lipids are biomolecules extracted from plant sources and plant 
residues and have a beneficial role in various food, nutrition, and 
medical applications. Supercritical carbon-dioxide, as an advanced 
high-pressure technology which increases the productivity and 
has negligible environmental impact, is employed for the selec-
tive extraction of polar lipids from the lipid matrix in mango kernel 
for the first time. The process parameters affecting the extraction, 

such as pressure, temperature, and flow rate, are ranged in the 
intervals of 30–50 MPa, 40–60°C and 10–30 gmin-1, respectively. 
Optimization using Box Behnken design obtained the highest yield 
of 3.38% at 40°C, 50 MPa, and 30 gmin-1. The phosphorous content 
was evaluated to understand the behavior of polar lipids extraction 
at higher pressures. The study showed the effect of process parame-
ters having significant influence on polarity and solvating capacity 
of CO2 which enabled the extraction of polar lipids that add value 
to the mango kernel by converting waste into valuable industrial 
products. The economic evaluation estimates the return on invest-
ment of a plant processing 3,000 tons of mango kernel per year to 
account NPV value almost five times higher than the investment 
expenses and the payback period is under 4 years.

EAT  PRO  PCP  Effects of microwave-vacuum 
pre-treatment with different power 
levels on the structural and emulsifying 
properties of lotus seed protein isolates
Zheng, Y., et al., Food Chem. 311: 125932, 2020,  
https://doi.org/10.1016/j.foodchem.2019.125932. 
 The present study investigated the changes in structural and 
emulsifying properties of lotus seed protein isolates (LSPIs) under 
different microwave-vacuum (MV) treatments. A decrease of fluo-
rescence peak intensity with blue-shift of the fluorescence emis-
sion maximum indicated that MV treatment induced unfolding of 
LSPIs so that more hydrophobic residues were exposed. Raman 
spectra showed that the ordered secondary structures (alpha-he-
lix, beta-sheet) gradually converted into beta-turns and random 
coils during 50–150 W MV treatment. Particle size distribution 
and atomic force microscope revealed that the amounts of small 
subunits increased when the LSPIs were modified by 50–100 W 
MV treatment. Emulsions prepared by 100-W-MV-LSPIs exhib-
ited the optimal emulsifying ability with the smallest oil droplet 
sizes. Confocal laser scanning microscopy and analytical centrif-
ugal analyzer further proved 50–100 W MV-treatment enhanced 
the flocculation and creaming stability. Our findings provide a cer-
tain theoretical foundation to apply MV technology for developing 
desirable LSPIs-stabilized emulsions.

H&N  Chemical composition, nutritional 
properties, and antioxidant activity of 
Licania tomentosa (Benth.) fruit
de Medeiros, J.L., et al., Food Chem. 313: 126117, 2020,  
https://doi.org/10.1016/j.foodchem.2019.126117. 
 Licania tomentosa is a Brazilian plant species that produces 
edible fruits, yet there is little information available concerning 
their nutritional and/or bioactive composition. This study aimed to 
evaluate the nutritional and polyphenol composition of L. tomen-
tosa fruits (pulp and seeds) and measure antioxidant activity in 
ethanolic extracts. The pulp and seeds were excellent sources of 
fiber (25.62%–41.70%) as well as minerals and vitamins. L. tomen-
tosa contained no lectins or protease inhibitors (chymotrysin and 
trypsin), and 12 polyphenol compounds were identified in the seed 
extracts with a predominance of flavonoids. The seeds also pre-
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sented antioxidant activities using the DPPH (SC5010.30–15.87 
microgram/mL), TBARS (IC50 18.46–20.84 microgram/mL), 
and FRAP (RC50 0.203–0.309 microgram/mL) assays. Due to its 
nutrient and antioxidant content, L. tomentosa may be used for food 
applications.

IOP  PRO  Sonication-induced 
transesterification of castor oil into 
biodiesel in the presence of MgO/
CaO nanorods as a novel basic catalyst: 
characterization and optimization
Abukhadra, M.R., et al., Chem. Eng. Process. 154: 108024, August 
2020, https://doi.org/10.1016/j.cep.2020.108024.
 MgO/CaO nanorods (MgO/CaO NRs) were synthesized 
using a diatomite substrate under microwave irradiation. The syn-
thesized composite exhibits well-developed rod-like morphology 
with 112.8 m2/g BET surface area. The synthetic MgO/CaO NRs 
were evaluated as a potential catalyst in the transesterification of 
non-edible castor oil into biodiesel. The catalyst achieved stunning 
catalytic performance with biodiesel yield of 96.2% within 70 min 
using 6 wt.% of it as loading value after fixing the temperature at 
70°C, and the ethanol-to-the used castor oil molar ratio at 15:1 
by normal mixing. The sonication effect resulted in an enhance-
ment in the yield to about 98.8% after 60 min only and reduced the 
required ethanol, catalyst dosage, and temperature. The character-
ization of the resulted castor oil-based biodiesel by the two mixing 
technique is of strong matching with the qualifications of EN 14214 
as well as the ASTM D-6571 international standards of biodiesel.

LOQ  The functional food production: 
application of stinging nettle leaves and its 
extracts in the baking of a bread
Đurović, S., et al., Food Chem. 312: 126091, 2020,  
https://doi.org/10.1016/j.foodchem.2019.126091. 
 Stinging nettle is an annual plant. This plant is known for 
applications in folk medicine and the human diet. Stinging net-
tle leaves have been used to obtain extracts, which are expected to 
contain a high content of biologically active compounds. Prepared 
microwave extracts were applied in the formulation of the func-
tional products. The article describes preparation of the bread with 
addition of the stinging nettle leaves and its extract, and bread’s 
composition in phenolic acids, flavonoids, micro elements, and 
macro elements. The biological activity of the prepared bread sam-
ples showed significant antioxidant activity. This was especially 
true against DPPH radicals. It has been shown that it holds a high 
cytotoxic activity. The leaves themselves decreased the quality of 
the bread, while the extract improved the quality. This was sensori-
ally confirmed. The article concludes that the extract could provide 
a high benefit when added to bread.

PRO  IOP  Interesterification of grease trap 
waste lipids using methyl acetate under 
supercritical conditions
Portilho Trentini, C., et al., J. Supercrit. Fluid. 164: 104896, 2020, 
https://doi.org/10.1016/j.supflu.2020.104896.
 The production of fatty acid methyl esters (FAMEs) and tri-
acetin (TA) from the lipids of the grease trap waste (GTW) using 
methyl acetate (MA) under pressurized conditions was investi-
gated. The experiments evaluated the effect of temperature (275–
350°C), residence time (10–30 min), addition of water (2.5–10 wt% 
in relation to the MA), and free fatty acid (FFA) content (25 and 50 
wt% in the GTW) in the formation of FAMEs and TA. The results 
show that an increase in temperature favors FAME production in 
the first 10 min of reaction. From 20 min on, the yield increases 
at 300°C and decreases at 325°C. TA production was higher in 30 
min at 300°C. The addition of up to 5 wt% water (in MA) showed 
a similar yield, while higher contents lead to a reduction in FAME 
production after 30 min. The use of a feedstock with up to 50 wt% 
(by mass) of FFAs has little influence on the formation of FAMEs 
and leads to lower amounts of TA. The reaction with MA (5 wt% of 
water) provided a sample with 57% of FAMEs and 1.4 wt% of TA.

PRO  Fine structure and relationships with 
functional properties of pigmented sweet 
potato starches
Tong, C., et al., Food Chem. 311: 126011, 2020,  
https://doi.org/10.1016/j.foodchem.2019.126011. 
 Variations in fine structure of pigmented sweet potato 
starches and their relationships with starch functional proper-
ties were explored in this study. The amylose content (18.63–
20.45%), XAM1 (308–387), hAP2 (0.723–0.810), and hAM2 
(0.134–0.167) significantly differed (P < 0.05), while other struc-
tural parameters had small variations. The average chain length 
of amylopectin ranged in degree of polymerization (DP) from 
23.3 to 24.7. The proportions of fa, fb1, fb2, and fb3 were 21.88–
27.18%, 45.45–50.81%, 11.87–13.29%, and 14.02–16.96%, respec-
tively, with significant (P < 0.05) differences among these samples. 
Pearson correlation analysis indicated that fine structures of both 
amylose and amylopectin had significant impacts on pasting, gela-
tinization, and textural properties. XAM2, fa, fb1, XAM2, and fa/
fb1 were significantly correlated with pasting parameters, while 
fa and fa/fb1 were negatively correlated with thermal parameters. 
XAM1 and hAP2 were negatively correlated with texture. These 
results may provide an overview of structure–function correlations 
for sweet potato starches.
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