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Minimally processed oils
Is the growing demand for minimally processed oils ready to go mainstream? 
Industry experts discuss this new trend and the implications for oilseed 
processing. 

Machine learning-driven Raman spectroscopy for rapidly detecting 
type, adulteration, and oxidation of edible oils
Researchers combine machine learning and Raman spectroscopy techniques to 
achieve a relatively high accuracy and significantly fast detection of lipid quality.
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Researchers discover an association between the concentrations of two human 
milk oligosaccharides and growth in infancy and early childhood.

Biomimetic nanomaterials from the assembly of polymers, lipids, 
and surfactants
This handy review looks at how biomimetic nanoparticles and coatings 
are constructed based on molecular interactions, as well as their potential 
applications in antimicrobial therapy and vaccine development. 

Impact of the mode of extraction on the lipidomic profile of oils 
obtained from selected Amazonian palms
Characterizing the lipids in the fruits of endemic rainforest palms provides 
important insights into the way they might behave as potential ingredients in a 
range of products.
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• More and more consumers are looking for natural 
alternatives to industrially processed foods and 
purchasing organic and whole foods instead. The trend 
has permeated the edible oils industry, and a growing 
consumer base of minimally processed oils buyers could 
disrupt the market.

• Small-batch producers are developing niche oils, like 
almond, walnut, pumpkin (Fig. 1), and avocado, that are 
also gaining more and more real estate on store shelves. 
In some countries, cold-pressed oils from commodity 
oilseeds, such as rapeseed and sunflower seed, are rising 
in stature to compete with the most prominent cold-
pressed oil, extra virgin olive oil.

• Industry experts discuss this consumer trend and whether 
higher costs and limited applications will prevent it from 
spreading too quickly. 

        Minimally  
             processed oilsRebecca Guenard

Artisanal-style food claims are all 
the rage among consumers. Words 
like raw, natural, or cold-pressed 
on packaging have been shown 
to increase sales (http://www.
foodnavigator.com). Such terms convey 
that a minor amount of processing 
has occurred, and when processing 
did take place it was not too harsh to 
strip the food of important nutrients. 
In 2018, the Global Nutrition Report 
justified shoppers’ beliefs with data 
showing that industrially manufactured 
foods are often higher in sugar, salt, 
and saturated and trans-fats, while 
being lower in protein, fiber, and 
nutritionally valuable micronutrients, 
like vitamins and antioxidants.  
(http://globalnutritionreport.org).
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        Minimally  
             processed oils

 The food industry trend toward minimizing processing and 
getting back to basics has now expanded to fats and oils. Lard, 
butter, and coconut oil, once shunned for their high saturated 
fat content, are touted by celebrity chiefs as the unindustrial-
ized fats our ancestors used. Likewise, the market for organic 
and cold-pressed oils is growing. According to a report pro-

duced by Business Wire, cold-pressed oils represented $24.62 
billion of the North American market in 2018, and they are 
expected to experience a 5% growth over the next eight years 
(Fig. 2, page 8). 
 “We see that there is a growing trend with these mini-
mally processed oils, the cold-pressed oils, the organic oils,” 
says Marc Kellens, global technical director for the oils, fats, 
and oleochemicals division at Desmet Ballestra in Brussels, 
Belgium (http://www.desmetballestra.com/oils-fats). “Their 
market share will continue to grow and affect that of industri-
ally processed oils. The only question is: How quickly?”

PERCEPTIONS SURROUNDING PROCESSING 
Food processing started out as a means of long-term storage 
and transport. Smoked or cured foods kept better than raw. 
Pasteurization and other heat treatments later increased food 
safety, reducing spoilage and killing pathogens. For the past 50 
years, the food industry has expanded this technology to pro-
vide its customers with convenience and taste. Now those con-
sumers are concerned that convenience is coming at the cost of 
good health. Obesity and diabetes rates have risen steadily for 
decades, and more research is connecting processed foods with 
weight gain and depression (http://doi.org/10.1016/j.cmet). 
 Vegetable oils are sourced from plants for use in frying,  
baking, confectionary, salad dressings, and for making 
margarines and spreads. Isolating purified triglycerides from 
plant material requires heavy processing. Diliara Iassonova, 

PROCESSING

FIG. 1. Pumpkin oil has an intense nutty taste and is rich in poly-
unsaturated fatty acids. High-temperature roasting improves 
its aromatic quality, but cooking destroys its essential fatty acids. 
Consequently, it is primarily used as a salad dressing.  
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The market is FAIRLY FRAGMENTED with 
many players occupying the market share

34%
of the growth will 
come from the 
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a food service development leader at Cargill in Minneapolis, 
Minnesota, USA, says that vegetable oils have a public 
relations problem (https://www.cargill.com/edible-oils). “The 
public doesn’t have information about how oil is processed,” 
she says. “When they hear how many steps a vegetable oil has 
to go through, it terrifies them.”
 These processes are familiar to Inform readers, so this arti-
cle will not cover every detail. In general, vegetable oilseeds 
are mechanically crushed as the first step in producing an edi-
ble oil. Sometimes the seeds are thermally treated to increase 
the release of oil during pressing. If no heat it used, the oil is 
referred to as cold-pressed. Depending on the plant source, 
the seed may still retain more than half its oil content after 
pressing. Washing the seed cake in hexane extracts almost all 
that remains. This crude oil is then filtered to remove particu-
lates, refined and bleached to remove colorants and oxidative 
compounds, and deodorized to remove odor and taste. The 
result is what is known as an RBD oil, a refined, bleached, and 
deodorized oil consisting of mostly triglycerides.
 In addition to concern over so many manufacturing steps, 
a public mistrust may have grown out of the processes used to 

modify the properties of oils once refined. Partial hydrogena-
tion, once used to increase hardness and stabilize fats, results 
in the formation of trans fatty acids, now banned in most 
countries for their link to health problems. 
 All these factors have led some consumers to associate 
unprocessed oil or fat with better health. Even market reports 
on such oils reference them as being better-for-you foods as 
evidence of their future sales potential (http://www.busi-
nesswire.com). “Cold-pressed oils are safer than hot-pressed 
oils and avoids adverse effects caused by high temperature,” 
states the Business Wire.  “Moreover, these oils have better 
nutritive properties than refined oils.” 
 According to Kellens, less processing addresses another 
consumer concern: the health of livestock. Edible oil refining 
produces fats- and oils-containing byproducts like soapstock, 
gums, spent earth, and distillates that are sold for animal feed. 
“Consumers believe that what you feed to the animal today, 
you eat tomorrow,” Kellens says. Across Europe and the United 
States, he sees a shift in the philosophy of animal feed millers. 
Where they once formulated with secondary or waste oils left 
over from refining, they prefer to directly receive seed cake 

FIG. 2. Anticipated growth in the edible oils market
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with a higher natural fat content. Kellen says that means in 
Europe, processors who previously extracted rapeseed with 
solvent are considering going for full-pressed rapeseed. They 
do not view leaving 4–6% residual oil behind in the cake as 
wasteful, because they can sell it as higher-quality livestock 
feed and get more money. “We have several customers who 
are planning to replace their solvent extraction plant with a full 
pressing plant,” says Kellens. 

FARM TO FRYER TO FUEL
One of the most organized efforts to produce full-pressed, 
small-batch edible oils in the United States came out of the 
sustainable agriculture movement. The closed-loop potential 
of growing the seed, using it to cook food, and then turning 
the spent oil into biodiesel for farm equipment, fulfilled one of 
the pillars of the movement: an efficient use of resources and 
natural biological cycles. The reality was that producing edi-
ble oils sustainably turned out to be more of a challenge than 
expected.
 In 2013, through a grant from the Northeast Sustainable 
Agriculture Research and Education (NESARE), researchers 
at Pennsylvania State University, University Park, and the 
University of Vermont, Burlington, set out to decentralize US 
edible oil production (https://www.northeastsare.org/). They 
studied how to grow canola, sunflower, safflower, flax, and 
other oilseed crops in the northeast and educated farmers on 
post-harvest processing of the oils.  
 “This was one of the foods that had not really been pro-
duced locally,” says Heather Darby, an adjunct assistant pro-
fessor for the University of Vermont Extension. She and the 
NESARE team produced fact sheets on small-scale edible oil 
production and small-scale, post-harvest processing. Then 
they attempted to make their locally produced oils deep-
fat-fryer compatible and realized more processing would 
be needed. “There are a lot of impurities in it, and it causes 
everything to smoke,” says Darby. The scientists tried to come 
up with new ways to bleach and deodorize without resorting 
to industrial processes, but they eventually questioned the 
value of their efforts. 
 An initiative in North Carolina met a similar fate. In 2013, 
a collaboration formed between farmers, restaurant owners, 
and a biodiesel manufacturer who hoped to produce locally 
grown oil seed to process for regional buyers. Seven years 
later the project was discontinued (http://blueridgebiofuels.
com/cookingoil/).
 Although some customers were fans, the oils never devel-
oped enough of a market to support the farmer’s production 
costs, Darby says. “Every farm in Vermont that was selling oil 
is no longer selling it,” she says. “They are still in business as 
farms, but they have stopped selling the oil.” She speculates 
that they might have been ahead of the minimally processed 
oils trend, but there is also a deeply engrained cultural norm 
to overcome.  
 Because unrefined oils are not bleached or deodorized, 
they have a flavor and aroma that can be unappealing to US 
consumers. Conventional oil processing removes the nutty fla-
vor of crude canola oil, for example, or the distinct flavor of 
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sunflower seeds from its oil. So far, olive oil is the only cold-
pressed oil flavor to be universally accepted by consumers. 
“People don’t want their French fries to taste like mustard or 
sunflower,” says Darby.

FORM FOLLOWS FUNCTION
“The processes in the food industry provide a clean, stan-
dard-flavored oil that will deliver on its intended function,” says 
Iassonova. “They deliver mouth feel, they deliver heat transfer, 
but if you work with pressed oils you have strong flavor.”
 Beyond flavor compounds, crude oils can include phos-
phatides, trace metals, pigments, waxes, polycyclic aromatic 
hydrocarbons, and pesticide residues. These impurities limit 
the use of the oils to low-heat applications, like dressings. 
“Most applications cannot use just expeller-pressed oil,” says 
Iassonova. “Frying requires refined oils. RBD processing leads 
to mostly triglycerides with minimal mono- and di- and mini-
mal free fatty acids that lower the smoke point. The result is a 
non-polar substance with a high smoke point for frying.”
 However, not all the minor compounds in fats and oils are 
undesirable. Retaining nutritional and protective compounds 
like phytosterols and tocopherols requires an in-depth under-
standing of the technology behind refining processes. “If the 
deodorization process is set up correctly, theoretically you can 
keep close to 85% of the tocopherols. Theoretically you can 
preserve almost everything,” says Iassonova. She says the sta-
bility and freshness of the final oil depend on the refining, and 
processors want to get it right.
 Though Cargill’s main focus is refined oils, to align with 
consumer demand they offer a range of organic and non-GMO 
oils for their North American market. In addition, Iassonova 
says they are producing expeller-pressed refined oils although, 
demand for these oils is significantly lower compared to the 
billion pounds of refined oils they produce per year. Cargill is 
keeping an eye on the market to determine when or if they 
should expand expeller production. And, Iassonova says, 
Cargill is investing research dollars to optimize clean processes 

that satisfy the current consumer demand for fewer industrial 
interventions to their food.

PREDICTING THE FUTURE
With major producers keeping tabs on the minimally pro-
cessed oils market, it is obviously becoming increasingly via-
ble. Many of Kellens’ customers have said they have enough 
demand to triple or quadruple their minimally processed oil 
production this year. 
 Aside from the challenge of getting customers in some 
regions to accept new flavors, the issue of affordability 
remains. Depending on the oil and the extent of processing, 
the cost can be two to three times what the consumer is used 
to paying for current commodity oils. “It is difficult to say how 
big the market for these oils will grow, because it all boils down 
to economics,” says Kellens. “Is the consumer ready to pay 
extra for these oils?”
 Kellens predicts that growth will come from developed 
countries in North America and Europe, where more consum-
ers have knowledge of the product and disposable income to 
take a chance on a new oil. Then it could slowly grow in other 
regions. 
 “There is a reason why oil is refined,” says Iassonova. 
“They [refined oils] offer convenience, predictability, and con-
sistency.” Adjusting to new consumer expectations may be the 
biggest hurdle of all for minimally processed oils.

Rebecca Guenard is the associate editor of Inform at AOCS. She 
can be contacted at rebecca.guenard@aocs.org.

AOCS MEETING WATCH
April 26–29, 2020. AOCS Annual Meeting & Expo, Palais des 
congrès de Montréal, Montréal, Québec, Canada.

November 17–19, 2020. Fabric and Home Care World 
Conference, Jing An Shangri-La, Shanghai, China

May 2–5, 2021. AOCS Annual Meeting & Expo, Oregon 
Convention Center, Portland, Oregon, USA.

May 1–4, 2022. AOCS Annual Meeting & Expo, Hyatt 
Regency Atlanta, Atlanta, Georgia, USA.

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

Further reading
Food Processing at a Crossroad, Knorr, D., and Herbert 
W., Frontiers in nutrition, vol. 6, 85, 25, 2019.
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The molecular vibrations of functional groups 
in triglycerides can be easily captured through 
Raman spectroscopy while shooting oil samples 
with a laser for just a few seconds. The degree of 
unsaturation of fatty acids allows this technique 
to classify and authenticate certain oils [1]. Liquid 
oxidation decomposes triglycerides by breaking 
carbon-carbon double bonds and generates new 
substances, such as free radicals, lipid hydroper-
oxide (LOOH), and aldehydes, which can also be 
detected by changes in functional groups through 
Raman techniques [2]. However, the holdback 
is usually the complicated spectra data analysis. 
Machine learning (ML), which is a subset of artifi-
cial intelligence (AI), has shown a great advantage 
in data analysis and has brought breakthroughs 
in processing spectra and diversity microscopy 
images [3,4], but its applications in the area of 
food science are still limited. The promise of sub-
stituting machine learning for manual analysis of 
Raman spectra in detecting the quality of edible 
oils is discussed in this article.

          Machine  
     learning-driven Raman 
spectroscopy for rapidly  
                   detecting type, 
                     adulteration,  
and oxidation of edible oils

Hefei Zhao, Yinglun Zhan, Zheng Xu,  
Joshua John Nduwamungu,  

Yuzhen Zhou, and Changmou Xu

• Real spectra can be rapidly and conveniently 
collected using vibrational microscopy 
techniques, such as Raman spectroscopy.

• However, as compared to chemometric 
information derived from a 
spectrophotometer, gas chromatography (GC), 
or nuclear magnetic resonance (NMR), the 
quantitative determination of spectra is still 
difficult and time-consuming.

• To enhance workflow efficiency and 
performance through augmented detection 
of features of Raman spectra, a new approach 
combining Raman spectroscopy technique 
and machine learning classification and 
regression has been developed to allow 
rapid and nondestructive detection of type, 
adulteration, and oxidation of edible oils and 
fatty foods.



inform   April 2020, Vol. 31 (4)   •   13

edible oils at various percentages (0, 5%, 10%, 20%, 30%, 
…100%), (adulteration study); and 3) oxidized edible oils at dif-
ferent levels (stored at 50°C in dark for 0, 1, 2, 3, 4, 5, 6, 8 and 
10 weeks), (oxidation study). 

Machine learning models, including lasso regression; elas-
tic net regression; logistic regression; logistic regression with 
different regularizations, such as using L1 penalty, L2 penalty 
and elastic net penalty; random forest (RF); principal compo-
nent analysis (PCA)+RF, PCA+ boosting; 1-dimensionalconvo-
lutional neural network (1D-CNN); and  2D-CNN, were used 
to train and analyze the Raman spectra. The collection and 
analysis of Raman spectra were illustrated in Figure 1. We also 
employed the widely used authoritative methods for compari-
son, such as gas chromatography (GC) method for the authen-
tication of oils, and prooxidant value (PV) and thiobarbituric 
acid reactive substances (TBARS) methods for the monitor of 
lipid oxidation.

CLASSIFICATION OF OIL TYPE
Our developed machine learning-driven Raman spectroscopy 
method was able to rapidly and accurately detect the type of 
15 edible oils (Table 1). Among different algorithms, the ran-

Raman spectroscopy is one of the molecular vibrational 
spectroscopies that can measure the chemical “fingerprints” 
of analytes non-destructively and rapidly. It has been used to 
characterize the chemical composition of bulk lipids, distinguish 
different edible oils and fats, and detect oil adulteration and 
lipid oxidation. Raman spectroscopy can also be implemented 
to identify adulterations in foods that include all three major 
nutrients, such as coconut water, honey, butter, meat, and milk. 
However, its overall performance and practical applications are 
still limited by the complicated spectral analysis. Therefore, to 
enhance workflow efficiency and performance through aug-
mented detection of features of Raman spectra, we took the 
study of edible oils as an example and integrated machine learn-
ing into Raman spectroscopy to obtain rapid and accurate detec-
tion of the type, adulteration, and oxidation of edible oils. 

EXPERIMENTAL APPROACHES
The study employed a XploRA ONE™ 785 nm Raman 
Spectrometer System (HORIBA, Ltd., Kyoto, Japan) with a 785 
nm near-infrared diode laser to collect the Raman spectra of 
three groups of samples: 1) 15 edible oil products (7 types) 
purchased from supermarkets (classification study); 2) mixed 

ANALYTICAL ADVANCES

FIG. 1. Schematic diagram of collection and analysis of Ramen spectra

TABLE 1. Training time and test accuracy for classification of various edible oils

Method
Logistic  

regression

Logistic 
regression 

with L1  
penalty

Logistic  
regression  

with L2  
penalty

Logistic  
regression  
with elastic 
net penalty PCA+RF

Random  
forest

PCA+  
boosting Boosting 1D-CNN 2D-CNN

Training  
time 0.023 s 121.471 s 22.864 s 123.678 s 0.446 s 0.815 s 1.279 s 1.809 s 455.462 s 53.37 h

Test  
accuracy 0.800 0.981 0.990 0.971 0.914 0.981 0.848 0.857 0.714 0.895
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dom forest (RF) method was found to have the highest and 
fastest test accuracy in the classification of various pure edible 
oils (98.1% in 0.8 s), followed by logistic regression with L2 pen-
alty and logistic regression with L1 Penalty. The individual oil 
test accuracy of RF was showed in the confusion matrix (Fig. 2). 

We compared this method with the traditional GC 
method with a principle component analysis (PCA) analy-
sis. The GC-PCA method did classify different types of oils 
into separated clusters (Fig. 3). However, it took this method 
about 30 minutes per test on GC. Besides, it requires a pre-
treatment that transforms triglyceride to fatty acid methyl 
esters (FAME) which takes additional time and uses toxic 
and corrosive sodium methylate. In contrast, our developed 
machine learning-driven Raman spectroscopy method is a 
green technology and can achieve an accurate analysis within 
three minutes. 

DETECTION OF OIL ADULTERATION
We expanded the machine learning-driven Raman spectros-
copy method for the rapid detection of oil adulteration. We 
chose two simplified binaural systems, olive oil adulterated by 
soybean oil, and avocado oil adulterated by canola oil at vari-
ous levels. The developed method was able to detect the level 
and type of adulterated oils rapidly and accurately. The ran-
dom forest method was again found to have the highest and 
fastest test accuracy, both in the classification of olive oil adul-
terated by soybean oil (94.8% in 0.65 seconds) (Table 2), and 
avocado oil adulterated by canola oil (87.5% in 0.79 seconds) 
(Table 3).

REGRESSION OF OIL OXIDATION
The developed machine learning-driven Raman spectroscopy 
method was further used in predicting the lipid oxidation in 
soybean oil and grapeseed oil models (Table 4). Results of clas-
sical oxidation evaluating methods showed that PV and TBARS 
of soybean oil increased from the initial 0.249 milliequivalent 
(MEQ)-peroxide/kg and 1.954malondialdehyde (MDA) ppm to 
17.747 MEQ-peroxide/kg and 87.892MDA ppm in the 5th week, 

FIG. 2. Confusion matrices of validation oil data by the random 
forest method 

FIG. 3. PCA for classification of various edible oils by GC method 
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respectively; PV and TBARS of grapeseed oil increased from 
the initial 1.088MEQ-peroxide/kg and 11.811 malondialde-
hyde (MDA) ppm to 20.311MEQ-peroxide/kg and 99.953 MDA 
ppm in the 5th week, respectively. Using the machine learn-
ing-driven Raman spectroscopy method, the predicted R2 by 
lasso regression was up to 0.7583 for PV and 0.7519 for TBARS 
in soybean oil while the predicted R2 was up to 0.6126 by elas-
tic net regression for PV and 0.7568 for TBARS by lasso regres-
sion in grapeseed oil. 

This study demonstrated that by combining machine 
learning and Raman spectroscopy techniques, a relatively high 
accuracy and significantly fast detection of lipid quality has 
been achieved. It is possible that this method can be expanded 
to the application of the classification of other food materials 
and molecules. This should shed new light on the application 
of AI technologies in the determination of food quality. 
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TABLE 2. Training time and test accuracy for classification of olive oil adulterated by soybean oil

Method
Logistic regression 

with L1 penalty
Logistic regression 

with L2 penalty
Logistic regression with 

elastic net penalty Random forest Boosting

Training time 42.458 s 3.299 s 281.032 s 0.650 s 2.478 s

Test accuracy 0.854 0.875 0.885 0.948 0.948

TABLE 3. Training time and test accuracy for classification of avocado oil adulterated by canola oil

Method
Logistic regression 

with L1 penalty
Logistic regression 

with L2 penalty
Logistic regression with 

elastic net penalty Random forest Boosting

Training time 43.914 s 4.039 s 282.808 s 0.792 s 1.536 s

Test accuracy 0.875 0.856 0.856 0.875 0.856

TABLE 4. Machine learning (ML) regression of PV and TBARS of oxidized oils from their Raman spectra

Oils Oxidative factor ML regression method Predicted R2 Training R2
Soybean oil
 

PV (0-5w) Lasso 0.7583 0.9999
TBARS(0-5w) Lasso 0.7519 0.9849

Grapeseed oil
 

PV (0-5w) Elastic net 0.6126 0.9975
TBARS(0-5w) Lasso 0.7568 0.9956
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Breastfeeding affects infant growth and, researchers 
have found, helps prevent obesity, both in childhood 
and later in life. However, the components of breast 
milk responsible for these beneficial effects remain 
mostly a mystery.

Human milk is an elaborate blend of proteins, fats, minerals, and 
vitamins, plus complex sugar molecules called human milk oligosac-
charides, or HMOs. There are approximately 150 types of HMOs. Like 
thumb and tongue prints, the combination and concentration of HMOs 
is unique to each nursing mother.

In a new study, published in the February 18, 2020 online issue 
of The American Journal of Clinical Nutrition (https://tinyurl.com/
vq6w762), researchers at University of California San Diego School of 
Medicine confirmed the findings of previous pilot studies that found an 
association between HMO concentrations and infant weight and body 
composition.

The earlier pilot studies looked at a smaller, combined cohort of 
approximately 30 infants who were exclusively breastfed and who dis-
played excessive weight gain over a period of six months. The UC San 
Diego study examined a much larger cohort of 802 mothers and their 
children, part of the longitudinal Steps to Healthy Development of 
Children (STEPS) study, led by researchers at the University of Turku in 
Finland. The children were examined from birth to age 5.

The researchers found that high concentrations of one HMO called 
2’-Fucosyllactose (2’FL) and low concentrations of another HMO known 
as Lacto-N-neotetraose (LNnT) were associated with growth in infancy 
and early childhood. Depending upon concentrations of HMOs in moth-
er’s milk, but independent of the mother’s pre-pregnancy body mass 
index or duration of breastfeeding, infant height and weight can vary by 
half a standard deviation. Standard deviation is a measure of how spread 
out numbers are.

      Difference in breast  
   milk concentrations  
              impacts growth  
       up to age 5

Michelle Brubaker

• In addition to fats, proteins, minerals, 
and vitamins, human breast milk 
contains 150 types of complex 
sugar molecules called human milk 
oligosaccharides (HMOs) that serve as 
natural prebiotics.

• Like a fingerprint, the combination and 
concentration of each nursing mother’s 
HMOs is unique.

• Recently, a large cohort study of 802 
mothers and their children uncovered 
a strong association between HMO 
concentrations and growth in infancy 
and early childhood.
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“We were surprised by the magnitude of the association,” 
said senior author Lars Bode, PhD, professor of pediatrics at 
UC San Diego School of Medicine and director of the Larsson-
Rosenquist Foundation Mother-Milk-Infant Center of Research 
Excellence. “The impact persisted long after actual exposure to 
HMOs during breastfeeding. Our analytical platform allows us 
to measure and associate individual HMOs with specific health 
and development outcomes.”

HMOs are natural prebiotics that contribute to the shap-
ing of the infant gut microbiome, which may affect health and 
disease risk. But they also act independently of the microbi-
ome, protecting the infant from diseases, such as infectious 
diarrhea or necrotizing enterocolitis, a serious condition that 
impacts the intestine of premature infants. HMOs potentially 
also reduce the risk for non-communicable diseases, such as 
asthma, allergies, and obesity later in life.

“Our goal is to generate a deep mechanistic understand-
ing of how HMOs in a mom’s milk can contribute to infant 
health and development. Although we are only at the very 
beginning, the generated knowledge provides fascinating new 
opportunities,” said Bode. “Some HMOs could help infants 
who are behind the growth curve; other HMOs could do the 
opposite and help lower the risk of childhood obesity. We 
could even imagine applying HMOs as novel therapeutics for 
adults who either need to gain weight or suffer from over-
weight and obesity.”

Bode said the study is also an example of how data can 
help guide the development of HMO blends for different prod-
ucts promoting health. “We could tailor HMO composition in 
products based on actual scientific evidence and desired out-
comes. Much like personalized medicine.”

The association results from cohort studies are an impact-
ful way to generate new hypotheses, said the researchers, 
especially if several different cohorts show very similar asso-
ciations. However, association studies do not prove causal-
ity. Bode said his team’s next steps include bringing the data 
back to the lab to test whether or not HMOs, either alone or 
in combination, affect growth and to pinpoint the underlying 
mechanisms.

The study’s authors concluded that, “The association 
between maternal HMO composition and childhood growth 
may imply a causal relation, which warrants additional test-
ing in preclinical and clinical studies, especially since 2′FL and 
LNnT are among the HMOs now being added to infant formula. 
Furthermore, altered HMO composition may mediate the 
impact of maternal prepregnancy BMI on childhood obesity, 
which warrants further investigation to establish the cause-
and-effect relation.”

Michelle Brubaker is with the UC San Diego News Center.
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Life is ephemeral as are the assemblies that make life 
possible. Among the nanomaterials, biomimetic nano-
materials mimic the assemblies found in living crea-
tures and may find myriad uses. Such nanomaterials 
encompass a wide variety of hybrid metastable nano-
structures holding different or similar molecules 
transiently together thanks to weak but frequent inter-
molecular interactions, such as van der Waals forces, 
hydrogen bridges, electrostatic and electrodynamic 
interactions, and the hydrophobic effect. 

Among these, lipid polymers, lipid inorganic materials, and coatings 
with NPs inclusion have been the subject of important developments in 
drug and vaccine delivery to fight pathogens and prevent, treat, or diag-
nose major human diseases such as cancer. 

Stimuli-responsive assemblies that respond to various triggers, such 
as pH, temperature, light, enzyme, and redox potential, offer opportu-
nities to improve the safety and efficacy of cancer therapy and diag-
nosis by effectively localizing bioactives at the tumor site—a strategy 
that can reduce the need for multiple drugs (which may become resis-
tant), long-lasting chemotherapy, and low transfection and non-specific 
immune responses after systemic delivery of siRNa. 

For example, upon injection in water, a biomimetic phos-
pholipid-like amphiphilic prodrug, 1-O-octodecyl-2-conjugated 
linoleoyl-sn-glycero-3-phosphatidyl gemcitabine (OLGPG) combined with 
cholesteryl hemisuccinate polyethylene glycol 1500 (CHS-PEG), formed 
the OLGPG and OLGPG/CHS-PEG nanometric spherical vesicles due to 
the hydrophobic interaction of lipid moieties. Since phospholipase A2 

       Biomimetic  
nanomaterials from the  
                 assembly of  
     polymers, lipids, and  
          surfactants 

Ana Maria Carmona-Ribeiro 

• This article reviews seminal and recent 
contributions related to applications 
of biomimetic nanoparticles (NPs) and 
coatings in antimicrobial therapy and 
vaccine development.

• It includes examples of biomimetic 
nanomaterials and their construction 
based on intermolecular interactions—
such as electrostatic attraction or 
the hydrophobic effect—particularly 
among polymers, lipids, surfactants, 
and surfaces that lead to bioactive 
supramolecular assemblies. 

• Emphasis will be placed on lipid 
polymer NPs and their coatings, plus 
their biomedical applications in drug 
and vaccine delivery. 
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(PLA2) is highly expressed in tumor tissues and specifically 
degrades the 2-acyl of the phospholipids to lysophospholipids, 
a PLA2-sensitive OLGPG-specific degradation in the tumor tis-
sue was obtained. In this same work, in vivo experiments with 
a hepatocellular tumor-bearing mouse model showed that 
these long-circulating phospholipid-like prodrug nanoassem-
blies yielded the highest antitumor and tumor targeting effects 
compared to the other groups. 

On November 30, 2018, a search of the literature on 
lipid polymer coatings in the Scopus database produced 
26,123 items, whereas a search on lipid polymer nanoparti-
cles resulted in 24,042 publications. I feel somewhat proud to 
have witnessed and contributed to some of the early and late 
developments on lipid polymer and lipid silica NPs that started 
about three decades ago. In particular, cationic lipids by them-
selves or in combination with other lipids or assemblies can 
yield interesting microenvironments to accommodate a vari-
ety of bioactive molecules such as drugs, antigens, peptides, 
nucleic acids, etc. The nanometric size and positive charge 
impart desirable properties for the cationic assemblies after 
injection via parenteral route in vivo. 

Good instances are the direct action at the lymph nodes 
for stimulation of dendritic cells for vaccines, and the pene-
tration of nasal mucosae to overcome the blood brain barrier 
releasing drugs into the brain. Other important applications 
relate to the antimicrobial properties of a variety of cationic 
assemblies either by themselves, such as cationic bilayers, or in 
effective combinations with other antimicrobials, such as anti-
biotics, polymers, or peptides. 

APPLICATIONS OF LIPID 
POLYMER NANOPARTICLES 
Lipids and polymers have been yielding myriad combinations. 
From the 24,042 publications on lipid polymer nanoparticles 
found at the time this article was written, 6,173 were review 
articles. Many referred to solid lipid nanoparticles or nano-
structured lipid carriers and the associated problems regarding 
drug location and arrangements of the lipids and the stabilizing 
agents in the lipid particle nanostructure. These NPs are based 
on lipid cores stabilized by layers of hydrophilic polymers. They 
may also assume the form of nanodiscs or open bilayer frag-
ments (BF). The scaffold is then an organized and open lipid 
bilayer disk of charged and saturated synthetic lipids or compo-
sitions containing polyethylene glycol covalently bound to lipids. 

Dioctadecyldimethylammonium bromide bilayer frag-
ments (DODAB BF) with two consecutively deposited layers of 
carboxymethylcellulose (CMC) and polydiallyldimethylammo-
nium chloride (PDDA), respectively, were effective microbicidal 
assemblies. This activity was associated with the outermost 
layer of the cationic antimicrobial polymer PDDA. The visualiza-
tion of the lipid or lipid polymer nanodiscs (Fig. 1, page 20) was 
achieved by advanced microscopy techniques such as shown 
from cryo-transmission electron micrographs (cryo-TEM) in 
Figure 1(a), transmission electron micrographs with electronic 
staining of the nanodiscs in Figure 1(b) or scanning electron 
micrographs of the DODAB BF/ CMC/PDDA nanodiscs in Figure 
1(c). It is interesting to note that the disks could be observed 
both face-on and edge-on. 

SURFACTANTS AND DETERGENTS
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Dispersions of phospholipids, such as 1,2-dimyris-
toyl-sn-glycero-3-phosphocholine (DMPC) and 1,2-dihex-
anoyl-sn-glycero-3-phophocholine (DHPC), can also yield 
discoidal and open lipid particles; the short-chain compo-
nents preferentially occupy curved rim environments around 
bilayer disks of the long-chain components. Cationic pep-
tides, such as a lung surfactant protein and the antimicrobial 
peptide magainin 2, interacted with the DMPC/DHPC neutral 
bicelles but did not affect their structure as seen from mag-
netic resonance spectroscopy; for disks containing the anionic 
1,2-dimyristoyl-sn-glycero-3-phopho-(1′-rac-glycerol) (DMPG), 
the peptides lowered the temperature at which the particles 
coalesced into more extended lamellar structures or promoted 
partitioning of the zwitterionic and anionic long-chain lipid 
components into different environments. 

Other lipid–polymer hybrid nanoparticles consist of a 
polymer core surrounded by a lipid shell combining proper-
ties of both polymeric nanoparticles and liposomes, often 
referred to as biomimetic nanoparticles. Sometimes, when 
the lipid has good affinity for the polymer, it can be embed-
ded in the polymer matrix as was the case of the cationic lipid 
dioctadecyl dimethyl ammonium bromide (DODAB) and poly 
methyl methacrylate (PMMA) polymer for producing microbi-
cidal PMMA/DODAB coatings from spin-coating. In these coat-
ings, the cationic lipid DODAB accounted for the microbicidal 
activity. Hadinoto and co-workers reviewed the literature on 
lipid-coated polymeric nanoparticles prepared from natural 
polymers such as chitosan (CS) and the biocompatible and bio-
degradable poly-lactic-co-glycolic acid (PLGA), and their appli-
cations as a delivery platform for cancer therapy [3]. 

Leaf Huang and co-workers recently gave a compre-
hensive account on the important role of lipid polymer 
nanoparticles in combination therapy against cancer, includ-
ing chemotherapy, photodynamic therapy, thermal heating 
treatments with metals, siRNA delivery, and others [4]. Some 
synergistic combinations of anti-cancer drugs can circumvent 
resistance to treatment and be effective in anticancer therapy. 

For example, NPs formulated through self-assembly of 
the biodegradable PLGA and a cationic, hydrophobic mole-
cule carried siRNA to knock down target oncogenes and to 
deliver cisplatin prodrug to tumors both in vitro and in vivo. 
The NPs induced a significant and sustained suppression of 
genes in a human lymph node carcinoma of the prostate xeno-
graft mouse model for up to three days after a single dose. 
Administering these NPs revealed a synergistic effect on 
tumor inhibition that was strikingly more effective than cis-
platin monotherapy. On reference, the cationic molecule was 
embedded in the PLGA-PEG shell and the cargo of siRNA was in 
the inner aqueous core. 

Messerschmidt and coworkers [5] described another 
sophisticated system of lipid polymer NPs aimed at cancer 
combined therapy. Lipid-coated polystyrene NPs endowed 
with several functions, such as targeting to the cancer cells 
with a single-chain Fv antibody fragment, steric stabilization of 
the outer lipid layer with polyethylene glycol (PEG) lipids, and 
single-chain tumor necrosis factor (scTNF) covalently bound to 
the polystyrene core. Thereby, the system specifically deliv-

ered scTNF to the cancer cells, inducing their death by apopto-
sis without affecting the healthy cells. 

Many applications in drug and vaccine delivery for the 
hybrid polymer lipid NPs called biomimetic nanoparticles were 
systematically reviewed over the last three decades. Especially 
when either the lipid or the polymer is cationic, lipid polymer 
NPs display remarkable interactive capability with bioactive 
molecules and can impart antimicrobial properties to a variety 
of nanomaterials, adding functionality to dispersions, surfaces, 
and coatings, and allowing interesting combinations of bioac-
tive molecules and assemblies to be obtained. 

Novel approaches proliferate exponentially for the devel-
opment of different advanced materials shaped as NPs, 
hydrogels, and surface coatings with effective antimicrobial 
properties. Bassegoda and coworkers recently gave a compre-
hensive account on major strategies to prevent the occurrence 
of resistance against antibiotics by using advanced materials 
[6]. Advanced materials occur as anti-fouling molecules and 
surfaces that prevent microorganisms adhesion and formation 
of biofilms, or they are bactericidal materials that cause cell 
membrane disruption, production of reactive oxygen species 
with damage to vital biomolecules in the cell, or materials that 
damage vital proteins. They recognized the importance of anti-
microbial biomimetics from the need of a new generation of 
hybrid materials with strong antimicrobial/antifouling activities 
and improved biocompatibility imparted by “safety design." 

FIG. 1. Micrographs and some schemes of cross sections for dis-
coidal NPs made of lipid bilayer disks or fragments without (a, 
b) or with outer layers of polymers (c). On (a), the cryo -TEM of 
DODAB BF (bar is 100 nm). Adapted from reference [1], with per-
mission from the American Chemical Society (ACS). On (b), neg-
atively stained anionic sodium dihexadecylphosphate (DHP) BF 
seen from TEM (bar is 100 nm). Adapted from reference [2], with 
permission from ACS. On (c), scanning electron micrograph of 
microbicidal discoidal NPs where DODAB BF supported consecu-
tive polymer layers of carboxymethylcellulose (CMC) and polydi-
allyldimethylammonium chloride (PDDA).
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CATIONIC LIPID POLYMER NPS AND 
COATINGS FOR ANTIMICROBIAL/
VACCINE DELIVERY  
Cationic lipid polymer NPs and coatings are strategic for appli-
cations in antimicrobial biomimetics and vaccine design. Due 
to the cationic lipid, lipid polymer cationic NPs can combine 
effectively with antibiotics like amphotericin B or miconazole, 
rifampicin, and clarithromycin; and anti-inflammatory hydro-
phobic drugs like indomethacin, nucleic acids, oligonucle-
otides, and proteins (in general and including serum proteins, 
transmembrane proteins, receptors and toxins, antigens, pep-
tides, or polymers). 

Early work on the affinity between the biocompatible 
PMMA polymer and the antimicrobial DODAB lipid showed 
that thin films of PMMA/DODAB casted by spin-coating a chlo-
roformic solution onto silicon wafers were homogeneous and 
retained the microbicidal activity of DODAB. Figure 2 illustrates 
the polymer lipid coatings of polystyrene (PS)/DODAB and 
PMMA/DODAB; whereas DODAB did not mix homogeneously 
with PS (Figure 2(a), the film resulting from the PMMA/
DODAB spin-coating procedure in Figure 2(c) was very smooth 
and homogeneous. The live-dead testing for Escherichia coli 
showed green, live bacteria on the PMMA coating (Figure 2(e) 
and red, dead ones on the PMMA/DODAB coating (Figure 2(f)). 

Taking advantage of the good compatibility between 
DODAB lipid and PMMA, Melo and co-workers evaluated the 
interaction between different quaternary ammonium sur-
factants and PMMA from spin-coated PMMA/DODAB and 
PMMA/ CTAB films on silicon wafers or glass coverslips [8]. 
The mobility of CTAB in the coatings allowed this surfactant to 
leak to the outer medium in contrast with the permanence of 
DODAB in the coatings and its antimicrobial action by contact. 

In another meaningful instance, Naves and co-workers 
synthesized PMMA NPs by emulsion polymerization in the 
presence of DODAB or CTAB and determined the antimicrobial 
activity of the dispersions [9]. Loading the biocompatible poly 
acrylic particles with the quaternary ammonium surfactants 
was a facile, fast, low-cost approach to obtaining highly effi-

cient antimicrobial nanoparticles which either killed by contact 
in the case of embedded DODAB or by leakage to the outer 
medium in the case of CTAB. 

The biocompatible PMMA polymer and the antimicrobial 
and cationic polymer PDDA reunited by synthesizing PMMA in 
the presence of PDDA yielded interesting NPs. This was a facile 
alternative approach in comparison to strategies based on the 
synthesis of block copolymers incorporating both functions. 
Figure 3 shows the macroscopic and microscopic appearance 
of the very stable dispersions of PMMA/ PDDA and PMMA/
PDDA/cationic amphiphile and some of their films obtained by 

FIG. 2. Optical microscopy of hybrid polymer-DODAB films 
obtained by spin-coating: (a) PS-DODAB; (b) PS-DODAB rinsed 
with ethanol; (c) PMMA-DODAB; (d) PMMA-DODAB rinsed with 
ethanol; (e) E. coli on PMMA film; (f) E. coli on PMMA/DODAB 
film. Adapted from reference [7]. 

FIG. 3. Shows the stable NPs dispersions of biocompatible poly-
mer (PMMA), antimicrobial polymer (PDDA), and cationic lipid 
(DODAB) or surfactant (CTAB) in form of NPs dispersions in water 
just after synthesis (a) and 6 months after synthesis (b). Coatings 
were obtained by casting and drying NPs water dispersions on 
polystyrene, silicon wafer, or glass coverslip surfaces from left to 
right (c). The SEM micrograph for the PMMA/PDDA NPs coatings 
showed the NPs film obtained after drying (d). Reproduced from 
reference [10].  
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casting and drying the water dispersions of NPs onto different 
surfaces such as polystyrene, silicon wafers, or glass coverslips.

Against fungus such as Candida albicans, the variable anti-
microbial activity of the quaternary ammonium nitrogen in lip-
ids, surfactants, and polymers was previously established by 
our group. While substantial fungicidal activity was described 
for the micelle-forming CTAB surfactant, the bilayer–form-
ing DODAB did not show the ability to move from the bilayer 
assembly to the fungus cell membrane. As a consequence, a 
poor fungicidal activity of DODAB bilayers assembled as bilayer 
fragments or as large vesicles was obtained. The microbicidal 
quaternary nitrogen only kills the fungus if its host molecule 
has mobility enough to cross the thick and dense layer of gly-
coproteins at the outer fungus cell wall. Adsorption isotherms 
of CTAB and DODAB on C. albicans were revealing; increas-
ing DODAB concentration reduced its adsorption onto the 
cells due to the preferential vesicle-vesicle instead of the ves-
icle-cell interaction. In contrast to other surfactants such as 
sodium dodecyl sulfate (SDS), CTAB did not disrupt the cell 
membrane and cell death occurred when the cell became pos-
itively charged. 

Fungus death requires adsorption of the quaternary 
ammonium moiety to the cell, change in the cell charge, and 
penetration through the cell wall reaching the fungus cell 
membrane. Since DODAB, in the DODAB bilayer, exists mostly 
in the rigid gel state there is no penetration of the quater-
nary ammonium moiety into the fungus cell wall and cyto-
plasmic membrane, which explains the poor DODAB activity 
against fungus when compared to other micelle-forming 
surfactants. These considerations directly lead to the pre-
diction that mobile polymers bearing the quaternary ammo-
nium moiety would be efficient antimicrobial agents against 
fungus. Polymer immobilization, however, would reduce 
their action, and these were indeed the experimental results. 
Immobilization of PDDA in PMMA/PDDA NPs substantially 
reduced the PDDA fungicidal action against C. albicans. PDDA 
by itself showed remarkable fungicidal activity (minimal fungi-
cidal concentration of 0.5 microgram/mL) in complete absence 
of toxicity against red blood cells. 

Very recently, Fait and co-workers comprehensively 
revised the structure–function activity of cationic surfactants 
as antifungal agents [11]. For vaccines, cationic nanostructures 
have been revealing their potential in several instances from 
combinations with cationic lipids or other hybrid assemblies 
shaped as microparticles or nanoparticles. The possibility of 
varying sizes from nanometric to micrometric and the positive 
charge are major assets for adjuvants since they allow com-
binations with the vast majority of antigens, such as proteins, 
peptides, haptens, nucleic acids, oligonucleotides, or other 
negatively charged biological combinations, such as extracts of 
pathogens. 

The nanosize is valuable for localizing the antigen directly 
in the lymph nodes, where capture by antigen presenting cells 
may elicit suitable humoral and cellular defenses. Manolova 
and co-workers showed that particles target distinct dendritic 
cell populations according to their size [89]. Virus-sized NPs 
with 20–200 nm diameter are captured by dendritic cells (DC), 
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whereas bacteria with 500–5000 nm diameter are captured 
by phagocytes or macrophages. Whereas images of large par-
ticles (500–2000 nm) localized in DC from the injection site, 
small (20–200 nm) NPs and virus-like particles (30 nm) were 
also found in lymph nodes-resident DC and macrophages, 
suggesting free drainage of NPs to the lymph nodes; parti-
cle size determined the mechanism of trafficking to the LN so 
that only small NPs could specifically target LN-resident cells 
[89]. Manolova and co-workers [12] considered the mecha-
nism of NPs trafficking from the skin to the draining LN in vivo; 
the optimal size for lymphatic uptake would be between 10 
and 100 nm. The initial lymphatic vessels are lined with over-
lapping endothelial cells so that DC and fluids from the inter-
stitial space enter lymphatic vessels through the endothelial 
cell junctions. Hence, these junctions might act as a molecu-
lar sieve and could prevent large particles from entering freely 
into the afferent lymphatics. In the interstitial space, DC that 
captured large particles would carry them into the lymphatics. 
In addition, large particles would remain more tightly trapped 
in the interstitial space before entering the lymphatics. 
Their prolonged residence in the interstitium would increase 
the probability of phagocytosis. The role of NP charge was 
reviewed and the boosting of cationic NPs for generating anti-
gen-specific CD4(+) T cell proliferation was demonstrated. 

The plethora of biomolecules that can be combined with 
polymers enables the design of new types of polymer-based 
NPs and interfaces, for example antimicrobial coatings from 
hybrid lipid polymer NPs, possibly useful in medical devices, 
which will hopefully provide innovative preventive and thera-
peutic approaches in medicine. Future generations of biomi-
metic systems will involve more complex compositions and 
combinations, leading to insights into fighting pathological 
conditions. Future developments in biomimetic assemblies 
including polymers will certainly improve and expand biomedi-
cal applications and significantly advance the treatment of can-
cer and many other diseases.

Nowadays lipid polymer, positively charged, biomi-
metic NPs are available over a range of sizes for vaccines 
design and drug delivery. Biomimetic lipid polymer NPs were 
first described by our group in the 1990s. The last decades 
witnessed significant extensions in our repertoire so that 
lipid-polymer and polymer-lipid dispersions or coatings, nano-
sized bilayer fragments, bilayer-covered polymeric particles, 
and layer-by-layer lipid polymer assemblies, most of them cat-
ionic, found novel applications as adjuvants for vaccines, as 
carriers for drug delivery and as antimicrobial assemblies. 

Ana Maria Carmona-Ribeiro is a professor of biochemistry and 
founder of the Biocolloids Lab at the University of São Paulo, 
Brazil, where she invents supramolecular assemblies with 
potential for biomedical applications, https://orcid.org/0000-
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There is a growing tendency to include natural, often 
new, ingredients in mass consumer products. This 
is particularly true in the cosmetics and food indus-
tries, where these ingredients are used to continually 
improve and enhance their products to compete in a 
highly competitive market. However, the inclusion of 
these natural ingredients in product formulations is far 
from easy, because they are complex mixtures. More 
research is needed to gain a full understanding of their 
compositions before successful products containing 
these ingredients can be designed.

There are about 2,600 species of palms in the world as a whole, 
while in South America there are 50 genres and approximately 476 spe-
cies, of which 85% are endemic to the subcontinent. Palms play a dom-
inant role in tropical American forests in comparison to other botanical 
families. This large number of species combined with the ethnic and cul-
tural wealth of the area has given rise to an extensive range of uses of 
palm products and associated management practices. The most import-
ant products derived from South American palms are edible fruits, 
palm hearts, oils, and stems and leaves for construction applications. 
Conservation of the forests is currently being defended through the 
enforcement of sustainable harvesting practices.

Just like the African palm fruit, some fruits of palm species endemic 
to the tropical forest of the Amazon could be potential sources of oil. 
The Instituto Amazónico de Investigaciones Científicas Sinchi in Colombia 
has identified the following palm species as promising: two species of 
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commercial açai (Euterpe precatoria and Euterpe oleraceae), 
Mauritia flexuosa (buriti), and Oenocarpus bataua (patawa). All 
of these palms grow abundantly in certain areas of Amazonia 
and are considered possible sources of oil. In fact, the extracts 
of some of their fruits are already being used in cosmetics and 
food products, and their extracts have been widely studied 
due to their antioxidant capacity. However, before seriously 
considering the potential of these oils as lipid sources in a 
wider range of cosmetics, toiletries, or food products, it is 
necessary to characterize their lipid composition as accurately 
as possible and assess how this composition could be affected 
by the oil extraction procedure.

The extraction of oils from plants at a commercial scale 
is normally based on mechanical procedures (e.g., pressing), 
which are generally less efficient than those using non-po-
lar solvents, such as petroleum benzine, hexane, or pentane. 
There is a global trend to switch to environmentally sustainable 
techniques, such as cold pressing, green solvents, enzymes, 
ultrasound, supercritical fluids, and microwaving. All of these 
extraction techniques have advantages and disadvantages in 
terms of efficiency, effectiveness, and sustainability, with the 
result that a lot of research in this field has focused on com-
paring these different techniques, looking above all at their 
respective yields. However, not much research has been done 
on how the extraction technique can affect the composition or 
the physicochemical characteristics of the extracted oil. Such 
oils are normally characterized by assessing certain parame-
ters, such as their oil quality indices and fatty acid methyl esters 
(FAMEs) profiles. However, methods like these involve the deri-
vatization of the sample, making it impossible to clarify whether 
the extraction method affects the composition of the main 
components of the oil: triglycerides (TAGs), diglycerides (DAGs), 
and free fatty acids (FAs). State-of-the-art chromatographic 
and spectrometric techniques can perhaps offer better ways of 
identifying the composition of these natural ingredients.

This article describes our comparative analysis of the 
characteristics and composition of the triacylglycerols (TAG)
s, diacylglycerols (DAG), and fatty acids (FA)s extracted from 
açai, buriti, and patawa fruits using either a screw press or 
a non-polar solvent. Our results will help pave the way to 
understanding the effect of the extraction strategy on the 
behavior of these oils during the product formulation process. 

COLLECTION, EXTRACTION, AND 
PHYSICOCHEMICAL CHARACTERIZATION 
Ripe fruit samples of E. precatoria Mart (açai), M. flexu-
osa (buriti), and O. bataua (patawa) were picked during two 
different harvesting periods. The samples were washed and 
disinfected, after which the pulp was removed and dried in a 
convection oven at 40°C for 24 h. The dried material was then 
powdered to an average particle size of 1 mm and stored in a 
cool, dry place until the oil was extracted.

Mechanical extraction of 500 g of dry material was per-
formed using an expeller press at laboratory scale. The sec-
ond extraction method involved the exhaustive extraction 
of oil from the material at room temperature using petro-
leum benzine as a solvent. The solvent was recovered using a 
rotary evaporator, and the oils were centrifuged to pull apart 
all suspended particulate matter. Samples were extracted in 
triplicate.

Oil quality indices were determined according to the offi-
cial methods of the American Oil Chemists’ Society (AOCS), cal-
culating saponification value by AOCS Cd 3-25, iodine value by 
AOCS Cd 1.25, and acid value by AOCS Cd 3d-63. Density was 
measured by a gravimetric method.

The fatty acid methyl esters (FAMEs) were analyzed by 
preparing samples according to ISO–5509. After that, FAMEs 
were extracted from the reaction mixture with isooctane. 
The phases were separated by adding 20 mL of a saturated 
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solution of NaCl. The hydrophobic phase was then sepa-
rated, and excess water was removed by the addition of 
0.2 g of anhydrous Na2SO4. The sample obtained was ana-
lyzed by gas chromatography with a flame ionization detector 
(GC-FID); separation was achieved using an RTX-Wax column. 
Helium was used as the carrier gas. The analysis was carried 
out, first in isothermal mode, then in program temperature 
mode, and finally, in isothermal mode. FAMEs were identified 
by comparing their retention times with those identified with 
a FAMEs Supelco standard. Results were reported as relative 
concentrations.

The lipidomic profile of each oil was obtained by 
ultra-high-performance liquid chromatography (UHPLC) at 
the NIH West Coast Metabolomics Center. Raw data was pro-
cessed qualitatively, and the Lipid Blast library was used to 
identify the lipid compounds. Finally, the heights of the peaks 
were quantified. Based on the fact that the main functional 
group is common for all analyzed lipids (fatty acid chain), the 
peak intensities and areas obtained in each chromatographic 
analysis were assumed to be proportional to the lipid concen-
tration. For this reason, results were reported as the ion peak 
area or as relative concentration. The latter was calculated as 
the relation between the area of each identified peak and the 
sum of areas of all identified peaks for each chromatogram.

A 3 × 2 factorial experimental design (three palm spe-
cies and two extraction methods) was performed to test the 
null hypothesis that there were no differences in the compo-
sition of the oils when extracted by solvent or by screw-press-
ing, or between species, and statistical analysis of the data was 
performed. A Tukey ś test was used to find significant differ-
ences between treatments at the 95% confidence level, and a 
Shapiro–Wilk test was used to verify the normality of the data.

OIL YIELDS AND QUALITY
Table 1 shows the extraction yield of oil from the three 
analyzed species. In general, patawa had the highest oil 
content, and solvent extraction seemed to be the most effi-
cient process. If we assume for comparison purposes that 
100% of the oil was recovered by the solvent extraction 
method, the mechanical extraction process had a 45–68% 
efficiency range depending on the particular species. The oil 
content of patawa was higher than the expected 51% content 
reported by Montúfar, et al. [1], while the oil contents of buriti 
and açai were lower than reported (49.1% and 28.9%, respec-
tively [2]; some of the dissimilarity in the yields may be due to 
variations in solvent extraction procedures, inherent differ-
ences between regions, and seasonal variations.

In general (Table 2), the acidity indices of the oils extracted 
by screw pressing were higher than those obtained by sol-
vent extraction. It is possible that mechanical extraction is not 
sufficiently selective to the polarity of the metabolites with 
the result that plant extracts may include other types of com-
pound that are not considered as lipids, such as organic acids. 
For their part, the iodine and saponification indices showed 
similar values for all three samples. This could be viewed as 
an indicator that the content of unsaturated lipid molecules is 
unaffected by the extraction procedures; however, this claim 
can only be verified by lipidomic profiling. The iodine index for 
buriti oil was lower than reported by Aquin, et al. (90.00 mg 
I2/100g oil), suggesting that our buriti oil samples had a lower 
unsaturated lipids content.

FATTY ACID COMPOSITION
The statistical analysis showed that the FAMEs profiles did not 
vary significantly when using mechanical or solvent extraction 
for each fruit (p > 0.05). We found FA chains made up of 14, 16, 
and 18 carbon atoms, whose structure contains 0, 1, or 2 double 
bonds. These results are consistent with the iodine indexes 
obtained by experiment. Oleic acid (C18:1) and palmitic acid 
(C16:0) seem to be the predominant fatty acid chains in all cases. 
Meanwhile, buriti and açai oils have around 75% of unsaturated 
FAs, while patawa oil has over 83% (Table 3, page 28). 

If we compare these results with the FAMEs profile 
reported by Mba, et al. for African palm [3], there are nota-
ble differences between Amazonian palm oils and African 
palm oil in their palmitic (C16:0) and oleic (C18:1n9c) acid con-
tent. While the C16:0 concentration of Amazonian palms oils 

TABLE 1. Extraction yield for açai, buriti, and patawa oils 
obtained by mechanical and solvent extraction (oil weight/
dry material weight)

Fruit
Mechanical 

extract Solvent extract

Açai 10% 18%

Buriti 22% 33%

Patawa 28% 62%

TABLE 2. Quality indexes for açai, buriti, and patawa oils obtained by mechanical and solvent extraction

Extraction Oil Iodine index Saponification index Acidity index % Density

Mechanical Açai 68.3 ± 2.11 186.0 ± 3.1 4.83 ± 0.05 0.925 ± 0.02

Buriti 76.4 ± 4.02 189.2 ± 0.4 6.13 ± 0.02 0.911 ± 0.04

Patawa 76.4 ± 1.52 164.9 ± 5.1 3.92 ± 0.05 0.870 ± 0.04

Solvent Açai 69.2 ± 1.89 184.0 ± 2.0 1.87 ± 0.05 0.912 ± 0.04

Buriti 75.3 ± 2.32 187.5 ± 0.2 2.71 ± 0.02 0.910 ± 0.04

Patawa 74.2 ± 3.40 160.7 ± 3.2 1.96 ± 0.05 0.871 ± 0.03
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is lower than that of African palm oil, the C18:1n9c concentra-
tion is higher in all three Amazonian palms. In general, the total 
saturated FA content for Amazonian palm oils does not exceed 
26%, while in African palm oil it is around 52%, the first big 
difference between these oils as potential raw materials. The 
most abundant FA was oleic acid, with values of between 62% 
to 80% for Amazonian palm oils and only 40% for African palm 
oil [3]. The second most abundant FA was palmitic acid, with 
values of 12% to 25% for the Amazonian palm oils compared 
with 44% in the African palm oil [3]. 

The content of miristoleic (C14:1), stearic (C18:0), and lin-
olenic acids (C18:2n6c) in Amazonian palm oils did not exceed 
15%. The FA compositions of açai and patawa oils seem to be 
similar, while buriti oil has a large amount of miristoleic acid 
(C14:1), which only appears in very small amounts (less than 

TABLE 3. Fatty acid methyl ester (FAME) profiles for açai, buriti, and patawa oils obtained by mechanical and solvent extraction

Açai Buriti Patawa
FAME Mechanical Solvent Mechanical Solvent Mechanical Solvent
C12:0 0.00% 0.80% 0.00% 0.00% 0.00% 0.16%
C14:0 0.00% 0.00% 0.00% 0.00% 0.10% 0.92%
C14:1 0.10% 1.40% 12.20% 13.61% 0.00% 0.00%
C16:0 20.50% 17.30% 25.60% 22.87% 13.00% 13.31%

C16:1 0.00% 0.00% 0.00% 0.00% 0.40% 0.00%
C18:0 4.40% 6.60% 0.00% 0.00% 3.80% 0.00%
C18:1n9c 64.70% 68.20% 62.20% 63.52% 80.00% 85.62%
C20:0 0.00% 0.00% 0.00% 0.00% 0.10% 0.00%
C18:2n6c 9.40% 4.40% 0.00% 0.00% 1.80% 0.00%
C18:3n6 0.00% 0.00% 0.00% 0.00% 0.60% 0.00%
C20:1 0.00% 0.00% 0.00% 0.00% 0.10% 0.00%
C20:2 0.30% 0.50% 0.00% 0.00% 0.00% 0.00%
C22:0 0.10% 0.10% 0.00% 0.00% 0.00% 0.00%
C20:3n6 0.00% 0.10% 0.00% 0.00% 0.00% 0.00%
SAT 25.00% 24.80% 25.60% 22.87% 17.00% 13.39%
UNS 75.00% 75.20% 74.40% 77.13% 83.00% 86.61%

Further reading
[1] Montúfar, R., et al., Oenocarpus bataua Mart. 
(Arecaceae): Rediscovering a source of high-oleic 
vegetable oil from Amazonia, J. Am. Oil Chem. Soc.  87: 
167–172, 2010. 

[2] Escriche, I., J. Restrepo, J.A. Serra, and L.F.  Herrera, 
Composition and nutritive value of Amazonian palm 
fruits, Food Nutr. Bull.  20: 361–364, 1999.

[3] Mba, O.I., M.-J. Dumont, and M. Ngadi, Palm oil: 
processing, characterization, and utilization in the food 
industry—a review, Food Biosci. 10: 26–41, 2015.
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0.5%) in açai, patawa, and African palm oils. This chemical 
characteristic could be a differentiating factor in the behavior 
of buriti oil if it were used as raw material, in that as miristoleic 
acid is a smaller chain FA, its presence could affect the crystalli-
zation temperature, and hence the structure, stability, and tex-
ture of the oil.

The lipidomic profile reveals that the main compo-
nents are TAGs, DAGs, and FAs (Fig. 1). The statistical analysis 
showed that the lipidomic profiles varied significantly when 
using mechanical or solvent extraction (p = 0.00). Additionally, 
we found no significant effect of interaction between the 
extraction method and the species analyzed, or when 
comparing the lipidomic profile between species (p < 0.05). 
Among the approximately 458 compounds in the complete 
lipid profile, we identified the presence of acylcarnitine, cera-
mides, ergosterol, lysophosphatidyl choline, phosphatidyl eth-
anolamine, and sphingolipids, all of which had concentrations 
of less than 0.05%. These lipids are important in the formula-
tion of toiletries and cosmetics because they are also present 
in the stratum corneum, the outermost layer of the epidermis, 
in which they act as a barrier to water loss. The production of 
these lipids is depleted in aging skin. For this reason, cosmet-
ics and toiletries commonly include plant oils as emollients. 
We therefore believe that açai, patawa, and buriti oils could 
be used as natural ingredients in products such as creams and 
body lotions that have great potential for moisturizing and 
softening skin.

As expected, the lipids with the highest concentrations 
in the oils were TAGs, regardless of the extraction technique. 
This is not surprising because triacylglycerols have been widely 
reported as the main components of plant oils and animal 
fats. By contrast, the concentration of DAGs was affected by 
the type of extraction, with solvent-based extraction pro-
ducing much higher concentrations. As a result, the relative 
concentration of TAGs was lower when solvents were used 
for extraction. The total FA concentration did not exceed 5%, 
which is consistent with the acidity index results. There was 
no evidence of detectable monoacylglycerol content, although 
this is to be expected given the metabolic pathway of plant lip-
ids, in which phosphatidic acid, which has a palmitic acid chain 
at the sn-2 position, is the precursor for the synthesis of DAGs. 
These DAGs then help form TAGs through the diacylglycerol 
acyltransferase action.

As regards FAs, as shown in Figure 2, mechanical 
extraction leads to higher FA content and, as expected, pal-
mitic and oleic acids are the most abundant in all cases. This 
confirms previous reports that 16:0-CoA and 18:1-CoA are the 
most abundant products of plastid FA synthesis in most angio-
sperm species. Polyunsaturated FAs were also found, albeit in 
lower concentrations. We noted that mechanically extracted 
buriti oil has FAs with longer chains. Previous reports found 
lignoceric acid (C24:0) to be a minor component of buriti oil, 
although, to our knowledge, this is the first time that montanic 
acid (C28:0) has been reported for this palm species.

At first glance, only the solvent-extracted oils have a sig-
nificant DAG content (Fig. 3). The DAG content of mechanically 
extracted oils was less than 1%. A higher DAG concentration 
in solvent-extracted oils could affect the behavior of the oil as 

FIG. 1. Comparison of the relative concentration of fatty acids 
(FA), diglycerides (DG), and triglycerides (TG) by method of 
extraction for açai (dotted bars), buriti (grey bars) and patawa 
(bars with horizontal lines) oils

FIG. 2. Comparison of fatty acid (FA) content according to 
extraction method (mechanical extraction—grey bars; solvent—
white bars) for açai, buriti, and patawa oils

FIG. 3. Comparison of the diglycerides (DG) content according to 
extraction method (mechanical extraction—grey bars; solvent—
white bars) for açai, buriti, and patawa oils

a raw material in cosmetic and toiletry formulations, as there 
are reports that DAGs can act as emulsifiers, which can alter 
the physical properties of colloid mixtures such as emulsions. 
It is possible that the observed surface activity of DAGs makes 
it easier for them to be extracted by non-polar solvents than 
by mechanical procedures. Another possibility is that this could 
be a result of the chemical or enzymatic hydrolysis of TAGs, 
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centration of TAGs with two unsaturations in Amazonian palm 
oils seems to be similar to that reported by Mba, et al. [3] for 
African palm oil. However, African palm oil reached a 48% 
relative concentration of TAGs with only one unsaturation, 
while the Amazonian palm oils have up to 13% of these types 
of molecules. By contrast, the TAGs with three unsaturations 
ranged between 30% (for patawa oil) and 42% (for açai oil), 
but only 5% for African palm. The main difference between the 
Amazonian palm oils we analyzed was in the fraction of TAGs 
with three, four, and five unsaturations. 

Although açai oil had the lowest concentration of TAGs 
with three unsaturations, it had a larger number of TAGs with 
four and five unsaturations. These results appear to be con-
sistent with the FAMEs profile described above. In this sense, 
Amazonian palm oils show enormous potential for use in the 
formulation of nutraceutical products. The statistical analy-
sis did not reveal any significant differences for the interaction 
between extraction methods and the specie analyzed in the 
TAGs profile. The samples had the same distribution in terms 
of the number of unsaturations on the TAGs regardless of the 
extraction process used. This behavior was also reported for 
mechanically and solvent-extracted chia oils.

In general, the lipidomic profiles of E. precatoria (açai), O. 
bataua (patawa), and M. flexuosa (buriti) indicate that the most 
abundant FAs, DAGs, and TAGs are shaped by acyl chains with 
16 or 18 carbons. We found significant differences between the 
extraction techniques, probably because the solvent extraction 
procedure induced a notable increase in the concentration of 
DAGs, leading to a significant difference in the composition of 
the oils extracted by solvent or by mechanical pressing. 

Since DAGs have surfactant activity, the oils extracted 
by solvent could behave in different ways from mechani-
cally extracted oils if they were used as natural ingredients 
in cosmetics, food, and toiletries formulations. We therefore 
believe that the extraction process is a factor worth consid-
ering before using these oils in formulations of this kind. For 
instance, emulsions formulated with solvent extracted oils 
may be more stable due to the higher DAGs content, while 
eco-friendly products must be formulated using mechanically 
extracted oils. Considering that Amazonian palms are mainly 
composed of unsaturated TAGs, using them as natural ingredi-
ents (regardless of the extraction procedure) could enable the 
production, for example, of softer cosmetic products that are 
more easily absorbed by the skin.
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FIG. 4. Comparison of the triglycerides (TG) content according to 
extraction method (mechanical extraction—grey bars; solvent—
white bars) for açai, buriti, and patawa oils

FIG. 5. Comparison of the number of unsaturations on TAGs 
according to extraction method (mechanical extraction—grey 
bars; solvent—white bars) for açai, buriti, and patawa oils

although there are few reports in the literature about this tak-
ing place in the extraction of plant oils.

With regard to TAGs, the most abundant triacylglycerols 
were TG (52:2) and TG (54:3), with 52 and 54 carbon atoms, 
and 2 or 3 unsaturations, respectively. Both TAGs are made 
up of chains of palmitic or oleic acids and are consistent with 
the results for FAs and DAGs. Since these TAGs are the main 
components of the analyzed oils, we believe that these two 
compounds (i.e., TG (52:2) and TG (54:3)) are good models 
for understanding the behavior of oil as a natural ingredient 
in more complex systems, such as cosmetics or food prod-
ucts. Figure 4 shows the TAGs with a concentration of over 5%. 
The complete TAG profile includes 33 types of TAGs. Although 
buriti and patawa oils have been analyzed in previous research, 
this is the first time that the TAG profile for oils from these 
three palm species has been presented in such detail. It is also 
important to stress that this is the first report for oil from E. 
precatoria, one of the species of the acai plant.

We note that, while TAGs with two or three unsatura-
tions are the most abundant in Amazonian palm oils, satu-
rated TAGs represent less than 3% of the total weight of lipidic 
molecules (Fig. 5). This is an important finding when it comes 
to understanding the behavior of Amazonian palm oil as a nat-
ural ingredient compared with that of African palm oil whose 
composition reveals 0, 1, or 2 unsaturation levels [3]. The con-
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Man-made tissue will soon 
eliminate animal testing

Rebecca Guenard

Animals have helped humans answer questions about medical science since the time of the Ancient 
Greeks. Today, many countries still depend on the practice. Drug approval in India, for example, cur-
rently requires that medicines be tested in rodents and primates or dogs before people. The more 
common trend, however, is for countries to enforce an animal-testing ban. Last spring, China drafted 
legislation that will become law this year. It describes new toxicology testing that does not involve 
animals. At the end of 2019, India’s national regulator for biomedical research announced that they 
will be looking into new testing technologies to replace animals. This is an opportune time, since sci-
entists are fabricating microchip devices that replicate human organs. The bioengineered models are 
made from living human cells and represent an opportunity to test the efficacy and toxicity of new 
drugs and consumer products without the need for animal testing.

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

“Our lab has experienced a lot of enthusiasm about this 
idea of replacing animal testing using this technology,” says 
Dan Huh, assistant professor at the University of Pennsylvania 
in Philadelphia, USA (http://seas.upenn.edu/Huh-prof.html). 
He says there is skepticism about whether a simplified, in vitro 
system can replace animal tests, but for certain applications it 
makes a lot of sense.

“The value of animal testing is strongly overestimated,” 
Thomas Hartung, director of the Center for Alternatives to 
Animal Testing at Johns Hopkins University in Baltimore, 
Maryland, USA, said in a recent article in the journal Nature 
(http://doi.org/d41586-019-02947-0). Hartung developed a 
computer algorithm to virtually test the toxicity of tens of 
thousands of chemicals in human tissue. He says that if com-
putational methods were combined with an organ-on-a-chip, 
researchers could incorporate human metabolism into toxicity 
studies and eliminate any skepticism about the lab-made mod-
els. In fact, a large number of in vitro, human, biology-based 
assays have been approved to test drugs for regulatory deci-
sion making, and the technology is still in its genesis.

Last year Huh’s lab won a cosmetic industry award for 
developing a blinking eye-on-a-chip. The device was invented 
to serve as a means of testing treatments for the relatively 
common condition of dry eye disease. Instead of risking dam-

age to an actual human eye, drug developers can now test dry 
eye disease on a dime-sized model. Corneal cells are grown on 
a 3D-printed, porous scaffolding and encircled with conjunc-
tiva, the tissue covering the white of the eye.  The model eye 
comes complete with a tear-duct, filled with artificial tears, 
and an eyelid made from a sheet of gelatin (Fig. 1).

Huh’s team was able to mimic dry eye diseases in the 
device, which allowed them to compare the conditions of a 
healthy and unhealthy eye. The proof-of-concept experiment 
brought them a step closer to using the device for drug devel-
opment and started them thinking about other uses. “Now we 
are actually using this to test consumer products,” says Huh. 
He says his group has plans to test the toxicity of chemicals 
used in cosmetics, like shampoos and soaps. At the same time, 
his lab has been busy inventing more devices.

Huh’s newest device has been sent to space to study the 
effects of microgravity on human tissue while also address-
ing some earth-bound questions. Two devices, bone marrow-
on-a-chip and a lung-on-a-chip, traveled to the International 
Space Station (ISS), US National Laboratory, in hopes to under-
stand why astronauts are more likely to get sick in space. 
Researchers will expose the lung-on-a chip to bacterial cells 
and see how the tissue responds. Then they will observe the 
bone marrow’s white blood cell production after exposure. 
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“We are actually trying to model the entire process of immune 
cell recruitment and see how our immune response changes in 
microgravity,” says Huh.

Along with illness, astronauts experience physical degra-
dation in microgravity. Huh says these degenerative processes 
are similar to what happens to the human body during aging. 
Modeling such a process cannot be done with a man-made 
system on a conventional time scale, but on the ISS the pro-
cess is accelerated. “We will measure biological endpoints to 
reveal the inner workings of the aging process and potentially 
test drugs or counter measures,” says Huh.

The field is also contemplating how the chips could be 
used to study the buildup of plaque in human arteries. Huh says 
organ-on-a-chip models could mimic systems to help research-
ers understand how lipids get across the blood vessel walls 
and collect. Or, they could jump ahead in time to look at an 
advanced stage of the disease by taking cells from atherosclero-
sis patients and growing them on a chip. Then, researchers could 
study how atherosclerosis cells differ from other cells.

Organ-on-a-chip technology has grown viable enough 
now for commercialization. “More and more drug developers 
are wanting to gain access to human data from relevant sys-
tems based on human cells,” says Huh. Companies are estab-
lishing themselves all over the world to fulfill that need and 
push the capabilities of the technology further. One example, 
a Boston-based start-up called Emulate, has accumulated sig-
nificant capital through three rounds of funding and a strate-
gic partnership with the Swiss pharmaceutical company Roche 
(https://www.emulatebio.com/). Their products include chips 
for testing the liver, kidney, lung, and intestine. They have also 
developed a multi-organ platform that connects these chips 
with a common circulation. The interconnected tissues bring 
the technology closer to the concept of a body-on-a-chip, a 
complete in vitro model of vital human organs.

Remarkably, a new technology will launch the concept of 
an organ-on-a-chip even further into the future. Organoids are 
miniature versions of human organs that retain the complex-
ity of the real thing. Human stem cells follow their own genetic 

instructions to produce many different types of cells and grow 
into different organs in the body. Researchers are now able 
to coax the cells into complex tissue structures in a hydrogel 
medium.

At Stanford University in California, USA, the research teams 
of William Greenleaf and Sergiu Pasca grew a human forebrain 
that allowed them to study the area responsible for high-order 
functions, like cognition and language. The organoid was the size 
of a pea, big enough for them to identify specific proteins and 
neurons and comprehend their role in brain signaling.

According to Huh, researchers have already started dis-
cussing how to combine the organoid and organ-on-a-chip to 
optimize each technology’s assets. “Within the next five years, 
we will see a lot of exciting things coming out of these efforts,” 
he says.

As these models of human tissue and their metabolic 
function become more life-like, scientists will be able to under-
stand disease in ways they could not image before. They will 
be able to duplicate its onset and develop treatments or proto-
cols for prevention. And, animal testing will no longer be nec-
essary in the production of drugs and consumer products.

Rebecca Guenard is the associate editor of Inform at AOCS. She 
can be contacted at rebecca.guenard@aocs.org.
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FIG. 1. A blinking eye-on-a-
chip complete with cornea and 
conjunctiva cells, a tear duct, 
and a lid. Source: Laboratory of Dan Huh, 
University of Pennsylvania.
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Luke Buxton 

Global Outlook 2020: How will 
the Brexit endgame shape up?

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

The UK left the EU on January 31, 2020. A tran-
sition period, during which both parties will 
negotiate trade agreements, is currently due to 
expire at the end of the year. Unless both sides 
agree on an extension to the transition period, 
UK companies will have until December 31, 
2020, to transfer their REACH registrations or 
authorizations to entities based in the EU. 

The UK parliament’s approval of the Withdrawal 
Agreement Bill (WAB) that will implement the country’s Brexit 
deal has set the stage for final trade talks with the EU, but 
the nature of trade deals with non-EEA countries and what 
this would mean for chemical rules in the UK is yet to be 
determined.

As things stand, the parties have 11 months—until 31 
December—to agree on the terms. But this deadline has 
been met with skepticism, not least from the European 
Commission’s new president, Ursula von der Leyen, who said it 
would be “impossible” to seal a full trade deal by then.

Any hopes to extend the deadline—a decision which must 
be made by June 30, 2020—appear to have been quashed by 
Prime Minister Boris Johnson’s pledge to “get Brexit done” fol-
lowing his re-election in December 2019.

During the transition period, new pieces of directly appli-
cable EU law, such as Regulations, that are introduced will con-
tinue to apply automatically within the UK. The government 
will need to implement other EU laws domestically, such as 
Directives. Direct jurisdiction of the European Court of Justice 
will continue to apply in the UK during this time.

Should both parties fail to reach an accord at the end of 
2020, the UK will leave the EU without a deal and will move to 
trading with it on Word Trade Organization (WTO) terms. 

No deal will mean that registrations and authorizations of 
chemicals made by UK entities will become void. Companies 
previously holding these will also lose access to Echa databases 
and data belonging to EU substance information exchange fora 
(Siefs) unless permission can be negotiated.

REGULATORY DIVERGENCE
A January call by von der Leyen for a level playing field on envi-
ronmental and labor rules will be of some reassurance to the 
UK chemicals industry and NGOs. Since the June 2016 referen-
dum, they have pushed for regulatory alignment with the EU. 
The Chemical Industries Association (CIA) has also called for 
continued free movement of skilled workers. 

UK entities have invested hundreds of millions of pounds 
to register and apply for the authorization of chemicals to 
secure their availability on the EU market. Some form of con-
tinued membership of Echa is vital to minimize disruption.

In March 2018, former UK prime minister Theresa May 
said her government was committed to seeking associate 
membership of Echa, but Prime Minister Johnson seems to 
have abandoned the idea. 

His ministers have already watered down commitments to 
regulatory harmonization with the trade bloc after departure. 
The final text of the deal saw references to “level playing field 
protections,” such as environmental standards, removed from 
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the legally binding withdrawal agreement and put in the polit-
ical declaration. These will only apply until the end of the tran-
sition period in 2020.

The EU will not want to agree to tariff-free trade with the 
UK until Britain, in return, agrees to regulatory convergence 
on goods, so the Johnson government may have to make 
concessions.

Outside of talks with the trade bloc, open questions 
remain about what type of deals the UK will strike with other 
countries, particularly the United States, and whether this 
will lead to further divergence from EU chemicals legislation 
and result in weakened protection for human health and the 
environment.

UK LEGISLATION
Should the UK and the EU secure an agreement before 
December 31, 2020, future UK regulations on chemicals would 
most likely mimic those in the Union and some sort of mem-
bership to Echa could be possible, preserving access to pre-
cious data.

But what happens if there is a no-deal? The UK has been 
busy preparing statutory instruments (SIs) for national laws 
that, in a no-deal scenario, would echo several EU regulations 
concerning chemicals that are administered by Echa:

• REACH;
• the classification, labelling, and packaging (CLP) 

Regulation;
• the prior informed consent Regulation (Pic); and
• the biocidal products Regulation.
The UK has also created SIs for legislation on cosmetics, 

detergents, and the use of certain hazardous substances in 
electrical and electronic equipment, to name a few.

However, the UK would be free to alter legislative text and 
break from the EU’s decisions. There is also the possibility that, 
even if the UK decided to mimic EU changes, there may be 
delays in their implementation, which may lead to market con-
fusion and disruption.

By far, the most concerns have been raised around the 
UK’s version of REACH, which looks very similar to Echa’s master 
template but has been plagued by issues, such as demands 
for data already in EU databases under tight deadlines.

UK registrants will need to provide basic informa-
tion within 120 days of the country leaving the trade bloc. 
Following this, companies will need to provide the technical 
information required under UK REACH for specific tonnage 
bands within two years of Brexit.

The Environment Bill, published in October, gives the UK 
environment minister powers to amend UK REACH and its 
enforcement Regulations. NGOs fear this might be used to 
diminish chemical standards.

And, ahead of the Brexit deadline, the government has 
been preparing the scope of a chemicals strategy for England, 
due in 2022. It has not yet confirmed if the strategy will 
address the issue of the UK’s alignment with EU standards. 

WHO WILL BE MOST AFFECTED?
By the end of the transition period, UK companies that have 
registered a substance under REACH and want to continue 
doing business on the single market need to prepare to trans-
fer registrations to an EU-based entity or only representative 
(OR). Companies representing just over half of all UK dossiers 
have already made the switch.

EU27-based companies, which purchased a substance 
from a UK-based company, can choose to register the sub-
stance as an importer if the UK company has not transferred it 
to an OR.

Authorizations granted to UK-based companies will 
become void once the transition period ends. They can trans-
fer their application or authorization to an OR in the EU. Echa 
advises that a formal agreement is made with the OR to take 
effect at the end of the period. EU-based companies rely-
ing on these authorizations will need to identify suppliers 
with valid authorizations in the EU27/EEA or apply for new 
authorizations.

IMPORT AND EXPORT
Exporters and importers of chemicals also need to be pre-
pared. If the UK leaves the EU without a deal, its SI on the Pic 
regulation will be administered. This will be based on the exist-
ing EU regime, with amendments to enable functions per-
formed by the EU to continue.

UK exporters would continue to notify the Health and 
Safety Executive of exports of Pic-listed chemicals. UK-based 
companies exporting or importing listed chemicals (includ-
ing to or from EU countries) would need to comply with the 
requirements of UK Pic.

Meanwhile, British companies planning to export their 
substances to the EU after Brexit will need to ensure their 
products comply with EU regulations.

For their chemical or chemical product to be marketed in 
Britain, EU27 exporters will have two options:

• they can use an OR based in the country to obtain a UK 
REACH registration, which the importers could then rely 
upon; or 

• they can communicate with their customers in the 
country and encourage them to register under UK 
REACH as UK importers.

Key dates
• January 31, UK left EU and abolished its Department 

for Exiting the European Union; transition period 
began

• Early 2020: European Commission expected to publish 
its draft negotiating directives, setting out its objec-
tives for EU national governments, the European 
Parliament and Council of Ministers to approve

• June 30, 2020: deadline for decision to extend transi-
tion period

• December 31, 2020: end of transition period
• 2022: England chemicals strategy due to be published
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Johnson and Barnier set out regulatory opening positions
Fundamental differences have emerged between the UK 
and EU on their visions for the future trade relationship. 
This means that companies could enter 2021 unaware of 
potential agreements on chemicals regulatory standards.

The opening positions of both sides were set out on the 
same day—February 3, 2020.

In a speech outlining the European Commission’s pro-
posals, chief negotiator Michel Barnier said the EU is ready 
to meet the UK’s desire for zero tariffs on all goods it sends 
to the trade bloc, plus an “ambitious free trade agreement” 
on services. 

However, “because of our geographical proximity and 
economic interdependence”, this is conditional on “a level 
playing field over the long term.” This means mechanisms 
are required to “uphold the high standards” on social, envi-
ronmental, climate, tax, and state aid matters today and for 
the future. 

Details of the proposed EU goals for the negotia-
tions are set out in a draft Council Decision, published the 
same day. EU-UK trade talks are expected to begin in early 
March, once this document is approved by the European 
Parliament and member state representatives.

The draft Decision says the UK-EU partnership should 
ensure environmental protection “is not reduced below the 
level provided by the common standards applicable within 
the Union and the UK at the end of the transition period.” 
This should apply to “the prevention, reduction, and elimi-
nation of risks to human health or the environment arising 
from the production, use, release, and disposal of chemical 
substances.”

It adds that the agreement should ensure the par-
ties “respect the precautionary principle and the principles 
that preventive action should be taken, that environmental 
damage should as a priority be rectified at source and that 
the polluter should pay.” 

Barnier reiterated the comments by Commission pres-
ident Ursula von der Leyen last month that “the more we 
have common standards, the higher quality access the EU 
will be able to offer to its market.” It “will be up to the UK to 
decide” if it wants to diverge.

But whatever the outcome of the talks, said Barnier, 
rules of origin and customs formalities will apply between 
the UK and the EU and access to the EU market subject 

to certification, market authorization, and supervision 
activities.

In his speech, UK prime minister Boris Johnson said UK 
standards in areas like the environment are often higher 
than those of the EU. Therefore, he added, there is “no 
need for a free trade agreement to involve the UK accepting 
EU rules, any more than the EU should be obliged to accept 
UK rules.”

The UK, he said, “will maintain the highest standards 
in these areas—better, in many respects, than those of the 
EU—without the compulsion of a treaty.”

An accompanying statement from the prime minister’s 
office emphasized that the UK wants the free trade agree-
ment to allow it to set its own regulatory standards out-
side the jurisdiction of the European Court of Justice (CJEU). 
“The UK will in future develop separate and independent 
policies in areas such as … the environment … maintaining 
high standards as we do so.”

The future trade agreement, said the statement, 
should include provisions to address regulatory barriers to 
trade in goods, providing for cooperation on technical reg-
ulation, standards, conformity assessment procedures and 
market surveillance, building on the WTO Trade Agreement. 

Annexes to the agreement could include provisions 
facilitating trade in specific sectors, such as “motor vehicles, 
chemicals, and pharmaceuticals,” as well as mutual recogni-
tion agreements focusing on conformity assessment.

The UK government insists that a comprehensive 
trade agreement can be negotiated by the end of the year 
and has passed legislation making it illegal for the govern-
ment to extend the transition period beyond December 31, 
2020. But most industry bodies and trade experts say this is 
impossible and the best that can be achieved is agreement 
on principles, with separate agreements on different sec-
tors and issues taking place next year.

The withdrawal agreement allows the transition period 
to be extended for one or two years. The UK and EU have 
until July 1, 2020, to mutually decide on this. This would, 
however, require Prime Minister Johnson to break his prom-
ise and pass new legislation through Parliament before this 
date to make this possible. A high-level UK-EU conference 
to take stock of progress is due to take place in June.

Under the EU Pic regulation, exporters are required to 
notify their exports of certain hazardous chemicals 35 days 
before the expected shipment date. 

Echa has re-activated its temporary procedure to permit 
EU-based companies to notify the planned export to the UK 
in advance of the withdrawal date. This will cover exports tak-
ing place in the first 35 days from this date if there is no Brexit 
agreement. Companies that have already submitted export 
notifications to the UK for exports in 2019 do not need to 
make a new notification.

British businesses are unlikely to have enough time to 
prepare for life outside the EU by December 2020. If a deal is 
struck by December 31 on the future trading relationship, it is 
likely to be concluded at the eleventh hour.

Luke Buxton is Europe editor for Chemical Watch. 
 
©2020. Text reproduced and modified from Chemical Watch by 
permission of CW Research Ltd. www.chemicalwatch.com.
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Leslie Kleiner

Clarín, one of the leading newspapers in Argen-
tina, had an article by Jorge Castro, explaining 
the growth of Brazilian exports of soy to China 
[1]. Below, are some of the highlights in Q&A 
format. 

Q: What is the expected soy production for Brazil in 2020, 
and what led to its growth?

Soy production in Brazil has being growing since the year 
2001, but this is the second year in which production exceeds 
that of the US market.  For 2020, soy production in Brazil is 
expected to grow to 121 million metric tons (MMT). This is 
larger than the 97 MMT of soy expected for US production. 
This is because of the conflict within the US and China, in which 
China imposed a 30% tariff to American soy. Brazil, seeing the 
opportunity, expanded soy production by more than a million 
hectares, yielding 36.8 million hectares of harvested soy. 

Q:  What are the logistics like, and how much Brazilian soy 
goes towards Chinese imports?

One of the main exporters of Brazilian soy production is 
the Chinese group Cofco, which has a 60,000-metric-ton silo in 
the state of Mato Grosso. From this location, the production is 
then moved by two rivers (Tapajós and Amazonas) toward the 
Atlantic Ocean, from which it ships to China. This type of infra-
structure allows logistics associated with exports. It is worth 
noting that Brazilian soy exports cover 66% of the Chinese soy 
imports, representing a 20 points growth in a one-year period.

Q:  How is the soy production in the United States, and 
what was the impact of the Chinese tariffs on US 

exports to China?
For the same period, sales of US soy declined by 89%. This 

is despite the soy harvest in the US being at a historical peak. 
In parallel, during this time period, the dollar gained more 
appreciation due to the overall economic growth in the United 
States. Consequently, the real (Brazilian currency) depreciated 

Brazil expected to surpass  
US soy production for 2020 

by 7% in 2019, and by 10% in 2018. The effect of the subse-
quent depreciations of the real, made profits grow for Brazilian 
producers.  

Q:  Does the harvest growth in Brazil reflect an increase in 
the exploitation of resources?

Brazilian agriculture grows based on productivity and 
not through an increased exploitation of resources. Based on 
this, agribusiness in Brazil increased by over 90% in the last 25 
years, while the land use associated with this growth increased 
only by 32%. Specifically for soy, the production between the 
years 1999 and 2019 increased by 304%, while the harvested 
land by 66%.

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

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

PROFESSIONAL
What’s a typical day like for you?
My day is largely divided between meetings with those who 
report directly to me, managerial meetings, and my own 
projects related to product development and new research 
opportunities. I love untangling the puzzles that data and 
well-designed experiments present. Since our company is still 
young, I am also heavily involved in setting the career ladder 
and promotional framework for our department. 

The favorite part of my job is…
While I sometimes miss taking a project from benchtop to 
plant trial, I really love mentoring the employees I manage. It’s 
incredible to watch such talented people grow and flourish and 
to know I had some small role in their success. My biggest chal-
lenge as a manager is asking open-ended questions instead 
of just sharing my thoughts, but the pain I feel at keeping my 
advice/opinions to myself pays off when I watch a direct report 
reach their own conclusions.

Flash back to when you were 10 years old. What did you want 
to be when you grew up?
At 10, I had some kind of ill-advised scheme that centered on 
a 120-hour workweek and three jobs. I believe veterinarian, 
journalist, and some other role (park ranger?) topped the list. I 
thought I’d work one job during the day, one during the night, 
and one on weekends. 

Why did you decide to do the work you are doing now?
I entered college as a bacteriology/virology major and was 
convinced I’d work for the Centers for Disease Control and 

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

Fast facts 
Name Leann Barden

Joined AOCS  2015

Education Ph.D. in food science (University of 
Massachusetts–Amherst)

Job title Research manager, Research & 
Innovation

Employer Insurgent Brands (formerly RXBAR), 
Chicago, Illinois, USA

Current AOCS Co-chair of Young Professional
involvement Common Interest GroupLeann Barden tours a private cacao farm during her March 2019 

honeymoon in Ecuador shortly before jaunting off to the Galapagos.

Prevention and wear an orange hazmat suit. One Valentine’s 
Day, I was dateless and went to Rich Hartel’s talk on the sci-
ence of chocolate. Needless to say, I found love that day after 
all and became a food science major.

What event, person, or life experience has had the most influ-
ence on the direction of your life?
I’ve been blessed to have many mentors in my life. However, 
my parents probably had the most influence. As schoolteach-
ers, they always encouraged me to just explore my inter-
ests and emphasized curiosity over perfection. They taught 
me the value of hard work, family dinners, and honoring my 
commitments. 

PERSONAL
How do you relax after a hard day of work?
I love reading, and my 50-minute train commute generally 
provides ample time for that. I also hit the gym (or take a long 
hike, bike ride, etc.) almost every day. 

What is the most impressive thing you know how to do?
I can wiggle my ears. (After two days of reflection, I decided 
that really is my best answer to this question.)

What skill would you like to master?
I enjoy trying and learning new things but rarely stick with 
them long enough to master anything. Having recently taken a 
50-hour culinary boot camp, I’d like to next tackle a bouldering 
class that culminates with some kind of outdoor rock-climbing 
trip to put the new skills to use.
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PATENTS
Aerosol oil foam compositions 
comprising a triglyceride-based oil 
and surfactant
Elder, A., et al., L’Oreal, US10413488, September 17, 2019
 An aerosol oil foam composition having at least one triglycer-
ide-based oil and at least one polyglyceryl fatty acid ester surfac-
tant. The polyglyceryl fatty acid ester surfactant includes an alkyl 
group having at least 10 carbon atoms and having a hydrophile-li-
pophile balance of between about 8 and about 13. The aerosol oil 
foam composition is a stable foam that is water rinsable. An aerosol 
oil-containing foamable composition and a process for cleansing 
skin, scalp or hair are also disclosed. 

Detergents for cold-water cleaning
Holland, B., et al., Stepan Co., US10421930, September 24, 2019
 Detergents useful for cold-water cleaning and mid-chain head-
group and alkylene-bridged surfactants useful therein are dis-
closed. The mid-chain headgroup surfactant has a C.sub.14-C.
sub.30 alkyl chain and a polar group bonded to a central zone 
carbon of the alkyl chain. The alkylene-bridged surfactant has a 
C.sub.12-C.sub.18 alkyl chain, a polar group, and a C.sub.1-C.
sub.2 alkylene group bonded to the polar group and a central zone 
carbon of the C.sub.12-C.sub.18 alkyl chain. Preferred surfactants 
in these classes are alcohol sulfates, alcohol ethoxylates, ether sul-
fates, sulfonates, arylsulfonates, alcohol phosphates, amine oxides, 
quaterniums, betaines, and sulfobetaines. Surprisingly, detergents 
formulated with the surfactants provide outstanding cold-water 
performance in removing greasy stains such as bacon grease, but-
ter, cooked beef fat, or beef tallow from soiled articles.

Non-lauric non-trans-fat composition 
for chocolate coating
Motoike, H., et al., Fuji Oil Co. Ltd., US10426179, October 1, 2019
 Provided is a non-lauric non-trans-fat composition for choc-
olate coating that has the drying time, gloss, difficulty in peeling 
from a coated item, and sweating resistance required for chocolate 
coating use. Moreover, the non-lauric non-trans-fat composition for 
chocolate coating enables a novel composite food having a soft tex-
ture that has not been obtainable by a conventional fat composition 
for chocolate coating to be obtained. The non-lauric non-trans-fat 
composition for chocolate coating contains a fat having a specific 
fatty acid composition and having a rising melting point of 35°C or 
higher, and has a specific triglyceride composition.

Method to lighten the texture of a 
fermented dairy product
Catonnet, G., et al., Compagnie Gervais Danone, US10433567, 
October 8, 2019
 The present invention relates to a method to lighten the tex-
ture of a fermented dairy product comprising the following succes-
sive steps of: (a) providing a fermented dairy product containing 
0.001 to 8 wt % of a texturizing agent and having a solid content 
comprised between 9.5 and 42 wt % and a total protein content 
comprised between 2.5 and 25 wt %, (b) freezing the said fer-
mented dairy product at a temperature below 0°C to obtain a 
frozen fermented dairy product, and (c) thawing the said frozen 
fermented dairy product at a temperature comprised between 0°C 
and 10°C to obtain a refrigerated fermented dairy product with a 
lightened texture.

Antimicrobial compositions derived 
from high-lauric vegetable oils
Day, C., Burke Pharmaceuticals, Inc., US10435654, October 8, 
2019
 Provided herein are antimicrobial compositions compris-
ing derivatives of lauric acid, and methods for preparing and using 
such compositions. As a non-limiting example, a process for pre-
paring an antimicrobial composition may comprise: (1) a saponi-
fication step wherein a high-lauric vegetable oil is contacted with a 
strong base, thereby providing a high-laurate soap component; (2) 
a lipolysis step wherein a high-lauric vegetable oil is contacted with 
a lipase, thereby providing a lipolyzed oil composition compris-
ing glycerol monolaurate; and (3) a combination step wherein the 
soap composition is combined with the lipolyzed oil composition, 
thereby providing the antimicrobial foaming soap composition.

Liquid milk fortifier composition with 
relatively high lipid content
Ameye, L., et al., Societe des Produits Nestle S.A., US10440972, 
October 15, 2019
 The present invention relates to a liquid milk fortifier composi-
tion for administration to infants, which fortifier composition com-
prises lipids in an amount of above 75% of the caloric content. The 
fortifier may be administrated to infants either as a supplement to 
human breast milk or to infant formulas. The present invention also 
relates to the use of the fortifier composition as well as a kit of parts 
for use in providing a lipid and/or calorie adapted body weight 
dependent nutrition to infants.

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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A conversation with the new 
Editor-in-Chief of Lipids

Earlier this year, Graham Burdge, Professor of 
Nutritional Biochemistry in the Faculty of Med-
icine at the University of Southampton, UK, 
became the seventh Editor-in-Chief (EIC) of 
Lipids. 

A look at the new EIC’s CV indicates that Lipids is in good 
hands. The journal’s EIC graduated in Cell and Immunobiology 
from Aberystwyth University, earned a PhD from the Faculty of 
Medicine at the University of Southampton, and did his post-
doctoral work on phospholipid and polyunsaturated fatty acid 
metabolism. He was the first to show that men and women dif-
fer in their ability to synthesize longer chain omega-3 polyun-
saturated fatty acids and differ in docosahexaenoic acid status. 
More recently, he identified the role of polyunsaturated fatty 
acid biosynthesis in regulating T cell function and evaluated 
the effectiveness of a transgenic plant oil as a replacement for 
oily fish in the human diet. 

Burdge’s research is funded by the Biotechnology and 
Biological Sciences Research Council, the European Union, the 
Research Council of Norway, the National Health and Medical 
Research Council of Australia, and by industrial organiza-
tions. He has published over 200 peer reviewed articles as 
well as chapters in academic books and briefing documents 
and reports to the UK government. He is an experienced edi-
tor, having served as the Editor-In-Chief of the British Journal 
of Nutrition, the Journal of Nutritional Science, and Nutrition 
Research Reviews, and as an editor of books on epigenetics, 
nutrition and health, and polyunsaturated fatty acid metab-
olism. Since the new EIC is a new face for many members, 
Inform held the following conversation to learn more about 
him and his goals for the journal. 

Q:In your early work as a postdoc, you were the first to 
show that men and women differ in their docosahex-

aenoic acid status as well as their ability to synthesize longer 
chain omega-3 polyunsaturated fatty acids. Where did you 
get the idea to explore metabolic differences between the 
sexes?

There is a tendency for nutritionists, and biochemists in 
particular (I am both), to exclude females from experiments on 
the basis that their hormonal cycles make generation of repro-
ducible data too difficult. This may lead to important biologi-
cal insights being missed.  At the time those experiments were 
carried out, it was known that docosahexaenoic acid (DHA) 
concentration increased during pregnancy in women and rats, 
and that sex hormones could modify arachidonic acid con-

centration in rat liver.  We had shown already that men didn’t 
make much DHA from alpha-linolenic acid and so it seemed 
an obvious to ask the question, “Is polyunsaturated fatty acid 
metabolism different in women of reproductive age compared 
to men?”

 

Q: What major advances to you foresee in the field of lipid 
science during the next 10 years? 

Interesting question. To have a sense of how the field 
might develop, it is important to identify the factors that may 
drive the evolution of lipid science. To give an example, I would 
not have predicted the explosion of research on epigenetics, 
which has changed from being a niche area of research a 
decade or so ago, to an area of intense activity.  I was priv-
ileged to be part of some of the early studies demonstrat-
ing that epigenetics could explain how the environment can 
induce persistent changes in phenotype.  My prediction for the 
next phase in lipid science is that the biotechnologists will find 
ways to manipulate lipid metabolism in plants and animals, to 
improve their nutritional quality, to feed the increasing global 
population, and to ameliorate the effects of man-made climate 
collapse by developing crops that thrive in an increasingly hos-
tile environment.  For example, the technology already exists 
to replace oily fish with seed oil from bioengineered plants 
that contain omega-3 polyunsaturated fatty acids and so 
potentially reduce the burden of wild capture on marine eco-
systems. But, I suspect when we look back 10 years from now, 
we’ll see that the course of lipid science was surprising.     

 

AOCS JOURNALS
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Q:Are there particular subdisciplines that you would like 
to see represented more in Lipids, and how do you plan 

to engage researchers in these areas?
Rather than additional sub disciplines, I would like to 

receive more manuscripts that provide insights into mecha-
nisms that underpin lipid science.  So much of the material 
published in Lipids, and other good quality journals, is observa-
tions which are of interest in their own right, but to really take 
the field forward it is important to understand how and why 
things happen, rather than just recording that they do.     

 

Q: As someone who has edited journals and books in the 
area of nutrition, would you like to see more clinically 

relevant research in the journal?
There are very good journals that focus on the clinical and 

nutritional aspects of lipids, and I think it would be unwise to 
attempt to shift the content of Lipids too far in that direction.  
Nevertheless, I would welcome the submission of manuscripts 
reporting clinically related studies.  One of the attractive fea-
tures of Lipids is the broad range of articles which are pub-
lished, and I am keen not to lose this breadth of content. 

 

Q:What do you think of the concept of personalized 
nutrition, and do you think this is the direction we’re 

heading? 
I’m not a fan. The idea that you can detect single nucleo-

tide polymorphisms in a few genes, for which an effect on func-
tion has rarely been demonstrated directly, and together with 
merely statistical associations, design a diet tailored to an indi-
vidual is too simplistic, if not frankly preposterous. Genes are 
inert repositories of information which only influence pheno-
type when they are read and translated into proteins.  They do 
not exist in isolation; they work in networks governed by myriad 
integrated transcription factors and other regulatory proteins 

that are modified by the energy status of a cell or are influenced 
by intracellular signaling cascades that are controlled by extra-
cellular factors such as hormones that fluctuate over varying 
timescales from hours to long periods of the life course.  There 
are also epigenetic processes that confer a unique transcrip-
tome on each cell type such that the function of the same gene 
can differ between different tissues.  Furthermore, the activi-
ties of the protein effectors encoded by genes are influenced 
by a range of post-translational modifications that are induced 
by the products of other genes. Therefore, I do not think it is 
a credible possibility to design diets based on the genotype 
of an individual.  Moreover, even if there was enough under-
standing and sufficient computing power to integrate all these 
dynamic, integrated systems in a meaningful way; personalized 
nutrition would be at best the toy of the rich and privileged for 
whom amelioration of nutrition-related disease risk is a matter 
of personal choice.  It is a shame that the same investment in 
personalized nutrition has not been applied to preventing and 
treating the nutrition-related diseases of the disadvantaged. We 
know how to do this in a safe and predictable manner without 
resorting to genomics, metabolomics. et cetera, although this 
wouldn’t produce opportunities for financial gain. 

 

Q:What do you like to read when you’re not reading 
about lipid science?

The Guardian (a UK based, left-leaning newspaper), 
Scandinavian noir crime novels, anything by John Le Carré, 
well-written popular science books on subjects that I know 
nothing about.

Q: If there’s one thing you would like to achieve as EIC, 
what would it be?

To do no harm.
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EXTRACTS & 
DISTILLATES

Review Articles
LOQ  EAT  Critical review on sesame 
seed oil and its methyl ester on cold 
flow and oxidation stability
Mujtaba, M.A., et al., Energy Rep. 6: 40–54, 2020,  
https://doi.org/10.1016/j.egyr.2019.11.160.
 Liquid energy, such as methyl ester from locally produced veg-
etable oils, is currently being blended up to 20% with petroleum 
fuels. Recently, the industrialization of biodiesel is a major prob-
lem because of its poor cold flow properties and oxidative stability. 
Vegetable oils are also being blended in an appropriate proportion 
before transesterification to obtain the desired properties in bio-
diesel. Similarly, poor cold flow properties and oxidative stabil-
ity can be improved by choosing suitable vegetable oils for making 
blends. Amongst all available vegetable oils, sesame seed oil (SSO) 
has unique cold flow properties and oxidation stability, particu-
larly because of naturally occurring antioxidants and preservatives, 
which enhance the stability of oil towards rancidity. Therefore, 
SSO can be used as a potential feedstock for blending with other 
vegetable oils to enhance the overall cold flow and oxidation sta-
bility properties. This overview summarizes sesame cultivation, 
SSO production, the physicochemical properties of SSO, and its 
potential as an alternative renewable fuel source. Physicochemical 
properties of sesame biodiesel are compared with those of biodiesel 
derived from other vegetable oils. Results show that blending SSO 
with palm oil before transesterification will successfully improve 
the cold flow properties and oxidation stability of palm methyl ester 
(biodiesel).

Original Articles
ANA  Lubrication characteristics of 
wax esters from oils produced by a 
genetically enhanced oilseed crop
Shirani, A., et al., Tribol. Int. 146: 106234, June 2020,
https://doi.org/10.1016/j.triboint.2020.106234.
 In this study, purified by a newly developed method, Crambe 
(Crambe abyssinica) oil wax esters were mixed with conventional 
Crambe oil to examine the lubrication characteristics of bio-based 
wax esters and their blends. The Quartz Crystal Microbalance 
(QCM) results indicate high thermal stability of wax esters and 
their mixtures which is further supported by observed small viscos-
ity change with temperature increase. Fourier transform infrared 
spectroscopy (FTIR) analysis suggested that chemical modifica-
tions induced by heating of the Crambe oil with 15 wt% of wax 
esters are dominated by the stability of wax esters. Tribology tests 
revealed that adding 15 wt% wax esters facilitates the noticeable 
friction reduction and lowers the wear produced in the sliding con-
tact at elevated temperatures.

ANA  H&N  Effect of harvesting year and 
elderberry cultivar on the chemical 
composition and potential bioactivity: 
a three-year study
Ferreira, S.S., et al., Food Chem. 302: 125366, 2020,  
https://doi.org/10.1016/j.foodchem.2019.125366.
 Sambucus nigra is one of the richest sources of anthocyanins 
and other polyphenols being used industrially as a source of antiox-
idants, colorants, and bioactives. Although cultivars can influence 
elderberry composition, no study has addressed the effect of harvest-
ing year on elderberries composition and bioactivity. The composi-
tion of the main Portuguese cultivars, “Sabugueiro,” “Sabugueira,” 
and “Bastardeira” were evaluated during three consecutive years. 
Harvesting year had a stronger influence on the chemical composi-
tion than cultivars, including total sugars, anthocyanins, and phe-
nolic compounds, being related to the different climatic conditions, 
especially water status. “Bastardeira” was the best cultivar concern-
ing total soluble solids, anthocyanins, polyphenols, and antioxidant 
activity, but contained a lower total free sugar content compared to 
“Sabugueiro.” The results obtained in this study provide novel infor-
mation from a nutritional perspective and for breeding programs 
aiming to select cultivars with enhanced levels of health-promoting 
compounds or for other industrial applications of elderberries.

ANA  Mechanism of copigmentation of 
monoglucosylrutin with caffeine
Ujihara, T. and N. Hayashi, J. Agric. Food Chem. 68: 323–331, 2020, 
https://doi.org/10.1021/acs.jafc.9b06235. 
 4G-alpha-glucopyranosylrutin (monoglucosylrutin, MGR) 
is a flavonol glycoside with quercetin as an aglycone, is pale yel-

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 
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low in color, and engages in both copigmentation and anticopig-
mentation. In this study, we elucidated the mechanism underlying 
the copigmentation of MGR upon complexation with caffeine. 
Three approaches were used: binding analyses based on changes 
in the absorbance spectrum, NOESY experiments, and DFT and 
TDDFT calculations using an explicit solvation model. Our find-
ings show that copigmentation mainly results from a bathochro-
mic shift in the absorbance spectrum and not a from hyperchromic 
effect. MGR and caffeine form a complex in both 1:1 and 1:2 stoi-
chiometric ratios. The calculated optimized 1:1 and 1:2 complex 
structures were supported by the NOESY spectrum and form 
a cluster with 13 and 11 water molecules, respectively, through 
hydrogen bonds. Although HOMO and LUMO contribute most to 
the excitation of both the MGR monomer and the complexes, these 
frontier molecular orbitals in the complexes are distributed more 
widely than those in the MGR monomer. In particular, LUMO in 
the complexes spreads into the copigment caffeine and the solvent 
water molecules. This increase in electron delocalization reduces 
the energy gap between the frontier molecular orbitals, resulting in 
copigmentation with a bathochromic shift.

ANA  LOQ  Identification of ceramide 
2-aminoethylphosphonate molecular 
species from different aquatic 
products by NPLC/Q-Exactive-MS
Wang, R., et al., Food Chem. 304: 125425, 2020,  
https://doi.org/10.1016/j.foodchem.2019.125425.
 Ceramide 2-aminoethylphosphonate (CAEP) is a type of 
phosphonosphingolipids with potential trophic activity. In this 
work, complicated CAEP species from different aquatic products 
were comprehensively identified and semi-quantified by utilizing 
normal phase liquid chromatography/Q-Exactive mass spectrome-
try (NPLC/Q-Exactive-MS). We elucidated the fragment schemes 
of CAEP molecules and found the presence of methylated CAEP 
(Me-CAEP) species. Remarkably, quantitative results revealed that 
Loligo chinensis had the highest CAEP content of 4.9 ± 0.4 mg/g 
dry weight and the most complex molecular species composi-
tion, whereas Asterias amurenis had the lowest CAEP content of 
1.9 ± 0.6 mg/g dry weight. The most common molecule was CAEP 
(d19:3–16:0). Additionally, statistical analysis revealed that five 
aquatic products can be effectively distinguished from their CAEP 
species; thus, CAEP molecules can play an important role in identi-
fying processed products from aquatic products.

IOP  PRO  Biorefinery development 
based on whole safflower plant
Hashemi, S.S., et al., Renew. Energ. 152: 399–408, June 2020,
https://doi.org/10.1016/j.renene.2020.01.049.
 The safflower plant as an attractive feedstock for development 
of a biorefinery through the multi-biofuel production was evalu-
ated. The safflower plant, composed of straw (79.6 wt%) and oil-
seed (20.4 wt%), was used for bioethanol, biogas, and biodiesel 
production. The oil was extracted from the seeds and subjected to 

methanolic transesterification process to produce biodiesel. The 
remained seed cake was converted to biogas by anaerobic diges-
tion process. The ethanol production from safflower straw was 
not satisfactory; thus, the straw was hydrothermally pretreated 
at 120–180°C for 1–5 h to maximize the bioethanol production. 
The increase in the pretreatment time and temperature consider-
ably improved the ethanol yield, and the highest yield of 60.3% was 
obtained performing the pretreatment at 180°C for 5 h. The bio-
diesel and methane production yields from oilseeds and seed cake 
were 90.3% and 185.8 mL/g volatile solids, respectively. Overall, 
each kg of safflower plant yielded 97.2 g ethanol, 22.4 L methane, 
and 46.6 g biodiesel that are totally equivalent to 0.168 L gasoline 
per kg of safflower plant in this biorefinery concept.

LOQ  EAT  Viability of pre-treatment 
drying methods on mango 
peel by-products to preserve 
flavoring active compounds for its 
revalorization
Oliver-Simancas, R., et al., J. Food Eng. 279: 109953, 2020,  
https://doi.org/10.1016/j.jfoodeng.2020.109953.
 Mango peel is regarded as a natural source of valuable aro-
matic compounds. However, in order to promote its valorization, 
stabilization processes must be carried out due to the significant 
water activity of this by-product. A comprehensive study on the 
mango peel volatile composition effects of different dehydration 
methods was carried out: two oven drying treatments at 45°C 
during 18 h and at 60°C for 12 h as well as a freeze-drying treat-
ment. Results showed that both lyophilization and oven drying at 
60°C lead to substantial losses of representative aromatic com-
pounds such as monoterpenes and sesquiterpenes as well as the 
generation of undesirable ones such as furans when high tempera-
ture was applied. Oven drying mango peels at 45°C for 18 h was 
revealed as the best choice to preserve the chemical composition of 
fresh samples. The application of these conditions diminished the 
losses of valuable volatile compounds such as monoterpenes; ses-
quiterpenes meanwhile could increase the quantities of appreciated 
compounds such as C13-norisoprenoids. This study provides use-
ful information to carry out the recovery and exploitation of mango 
peel by-products as a natural source of valuable flavoring com-
pounds by food and cosmetic industries.

H&N  In Vitro colonic fermentation of 
saponin-rich extracts from quinoa, 
lentil, and fenugreek. effect on 
sapogenins yield and human gut 
microbiota
del Hierro, J.N., et al., J. Agric. Food Chem. 68: 106–116, 2020, 
https://doi.org/10.1021/acs.jafc.9b05659.
 In vitro colonic fermentation of saponin-rich extracts from 
quinoa, lentil, and fenugreek was performed. Production of sapo-
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genins by human fecal microbiota and the impact of extracts on 
representative intestinal bacterial groups were evaluated. The main 
sapogenins were found after fermentation (soyasapogenol B for 
lentil; oleanolic acid, hederagenin, phytolaccagenic acid, and ser-
janic acid for quinoa; and sarsasapogenin, diosgenin, and neoti-
gogenin acetate for fenugreek). Interindividual differences were 
observed, but the highest production of sapogenins corresponded 
to quinoa (90 microgram/mL) and fenugreek (70 microgram/
mL) extracts, being minor for lentil (4 microgram/mL). Lentil and 
quinoa extracts showed a general antimicrobial effect, mainly on 
lactic acid bacteria and Lactobacillus spp. Significant increases of 
Bifidobacterium spp. and Lactobacillus spp. were observed for fen-
ugreek in one volunteer. Thus, the transformation of saponin-rich 
extracts of quinoa, lentil, and fenugreek to sapogenins by human 
gut microbiota is demonstrated, exhibiting a modulatory effect on 
the growth of selected intestinal bacteria.

PRO  IOP  ANA  Synthesis of bio-based 
cyclic carbonate from vegetable oil 
methyl ester by CO₂ fixation with acid-
base pair MOFs
Cai, T., et al., Ind. Crop. Prod. 145: 112155, March 2020, 
https://doi.org/10.1016/j.indcrop.2020.112155.
 Bio-based five-membered cyclic carbonates were synthesized 
from renewable O-acetyl methyl ricinoleate that from crops and 
CO2 via two steps and the products after each reaction step were 
characterized by fourier transform infrared spectroscopy. For the 
acid-catalyzed process, O-acetyl methyl ricinoleate epoxidation of 
unsaturated double bonds was accomplished using lipase as a sus-
tainable replacement. The effect of different experimental conditions, 
including the solvent, initiator types, initiator ratios, enzyme amount, 
reaction temperature, and reaction time, on epoxide conversion was 
analyzed. O-acetyl methyl ricinoleate conversion reached 95% under 
the optimized reaction conditions and the resulting epoxide was sub-
sequently reacted with CO2 using the acid-base pair UiO-66-NH2 
to produce cyclic carbonate CO2 adsorption, and fixation occurred 
simultaneously due to the use of bifunctional UiO-66-NH2 and 
epoxide conversion reached 94.4% with CO2 using UiO-66-NH2. 
The substrates applicability was tested after each step, and it was 
found that more than 92% of the fatty acid methyl esters were con-
verted into their corresponding epoxides and more than 90% epoxide 
conversion occurred, with the exception of epoxy methyl linolenate 
(85.4%) due to the presence of multiple double bonds in methyl lino-
lenate. These results demonstrate this reaction scheme can be effi-
ciently adopted for vegetable oil methyl esters.

LOQ  H&N  Antioxidant properties of 
two novel lipophilic derivatives of 
hydroxytyrosol
Olajide, T.M., et al., Food Chem. 315: 126197, 2020,  
https://doi.org/10.1016/j.foodchem.2020.126197.
 Two novel lipophilic derivatives of the natural olive oil phenol, 
hydroxytyrosol (HT), were synthesized using 3,4-dihydroxyphe-

nylacetic acid as starting material. Their antioxidant activities and 
kinetics compared to HT and TBHQ were assessed by Rancimat, 
Schaal Oven, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and deep-fry-
ing methods. All experiments, including kinetic data analysis based 
on the Arrhenius equation, utilized in assessing antioxidant activity 
except the DPPH assay revealed that the new lipophilic HT deriva-
tives exhibited much stronger antioxidant activity than hydroxytyro-
sol. Tert-butylhydroquinone exhibited stronger antioxidant activity in 
bulk oil at 65°C than the new HT derivatives, but showed much lower 
activity at higher temperatures (>110°C). This demonstrates that the 
introduction of bulky alkyl moiety to the ortho-diphenolic structure 
of HT increased its antioxidant activity. It can be concluded that the 
new lipophilic HT derivatives satisfy industrial demands for bioactive 
compounds with strong antioxidant potential at high temperatures.

LOQ  EAT  Effect of sinapic acid ester 
derivatives on the oxidative stability of 
omega-3 fatty acids rich oil-in-water 
emulsions
Ferreira da Silveira, T.F., et al., Food Chem. 309: 125586, 2020, 
https://doi.org/10.1016/j.foodchem.2019.125586.
 Oil-in-water (O/W) emulsions are important delivery systems 
of omega-3 fatty acids (n-3 FA). We investigated the effect of sinapic 
acid esters concentration and chain length, the electrical charge of 
the emulsifier and emulsion pH on the oxidative stability of n-3 FA 
rich O/W emulsions. Echium oil was applied as n-3 FA source. A 24 
factorial design was used to simultaneously evaluate these factors. 
Peroxide value, malondialdehyde, 2,4-heptadienal and 2,4-decadi-
enal were measured in the emulsions. pH and the electrical charge of 
the emulsifier modulated the antioxidant effectiveness of sinapic acid 
esters, while concentration was not relevant. The combination of pos-
itively charged emulsifier with neutral pH provided the best oxidative 
stability for echium oil emulsions. Our results also suggested that the 
increase of length chain of sinapic acid, from C4 to C12, reduced the 
secondary products of oxidation, when echium oil emulsions were 
prepared using negatively charged emulsifier under acidic conditions.

LOQ  H&N  Melatonin treatment 
maintains nutraceutical properties of 
pomegranate fruits during cold storage
Aghdam, M.S., et al., Food Chem. 303: 125385, 2020,  
https://doi.org/10.1016/j.foodchem.2019.125385.
 In this study, the mechanism activated by melatonin treat-
ment at 100 µM for maintaining nutraceutical properties in pome-
granate fruits during storage at 4°C for 120 days was investigated. 
Our results showed that the higher G6PDH and 6PGDH activities 
in pomegranate fruits treated with melatonin may be responsible 
for sufficient supply of intracellular NADPH. Also, higher AA and 
GSH accumulation in pomegranate fruits treated with melatonin 
may ascribe to higher APX and GR activities coincided with lower 
AAO activity. In addition, pomegranate fruits treated with mela-
tonin exhibited significantly higher PAL activity resulting in higher 
phenols and anthocyanins accumulation as well as higher DPPH 
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scavenging capacity. Additionally, higher AOX gene expression in 
pomegranate fruits treated with melatonin may be beneficial for 
ROS scavenging molecules accumulation. Therefore, maintaining 
nutraceutical properties of pomegranate fruits treated with mela-
tonin may ascribe to sufficient intracellular NADPH supply by pro-
moting G6PDH and 6PGDH activities during cold storage.

LOQ  H&N  Enzyme-assisted supercritical 
fluid extraction of antioxidant 
isorhamnetin conjugates from 
Opuntia ficus-indica (L.) Mill
Antúnez-Ricardo, M., et al., J. Supercrit. Fluid. 158: 104713, 2020, 
https://doi.org/10.1016/j.supflu.2019.104713.
 A one-pot, enzymatic-assisted supercritical carbon dioxide (SC-
CO2) extraction was used to obtain isorhamnetin conjugates from 
Opuntia ficus-indica (L.) Mill (nopal). Box-Benhken design, discrim-
inate analysis, and principal component analysis were used to study 
the influence of pressure, temperature, aqueous ethanol solution, 
and time on the total extraction yield and the isorhamnetin conju-
gates recovery using the enzymes Rapidase Maxi Fruit (Rapidase) 
and Viscozyme. Isorhamnetin tri- and diglycoside were found in the 
extracts along with other phenolic compounds such as 3-O-methyl 
quercetin, 3-O-methyl kaempferol and luteolin. The isorhamnetin 
and phenolic profile patterns were dependent on the conditions used. 
Cellular antioxidant activity was positively correlated to isorhamne-
tin-3-O-glucosyl-rhamnoside and luteolin content. The best results 
were obtained by using Rapidase, a currently used enzyme for the 
winemaking industry. The use of enzymes under SC-CO2 conditions 
affected the release of isorhamnetin conjugate profiles which induced 
remarkable differences in the cellular antioxidant activity.

PCP  H&N  Limited hydrolysis of rice 
endosperm protein for improved 
techno-functional properties
Nisov, A., et al., Food Chem. 302: 125274, 2020,  
https://doi.org/10.1016/j.foodchem.2019.125274.
 Limited hydrolysis of rice endosperm protein isolate was car-
ried out with acid and neutral endoproteases to evaluate the relation-
ship between degree of hydrolysis and techno-functional properties. 
The highest studied degree of hydrolysis was 5.4% corresponding to 
55.2% protein solubility. Solubility increased as a function of degree 
of hydrolysis with higher efficiency by acid endoprotease. Colloidal 
stability of the protein suspensions steadily increased with increasing 
degree of hydrolysis. Higher colloidal stability values were achieved 
by neutral endoprotease (31–89%) compared to that by acid endo-
protease (20–75%). On the other hand, the absolute values of zeta 
potential and surface hydrophobicity decreased as a function of 
degree of hydrolysis leading to higher values by neutral endoprote-
ase (−21.4 mV and 21.7 mV) than by acid endoprotease (−813.4 mV 
and 11.7 mV). Foaming, gel formation and water holding properties 
improved only until degree of hydrolysis values of 1.5% (neural endo-
protease) and 1.9% (acid endoprotease).

PRO  EAT  Harnessing slaughterhouse 
by-products: from wastes to high-
added value natural food preservative
Przybylski, R., et al., Food Chem. 304: 125448, 2020,  
https://doi.org/10.1016/j.foodchem.2019.125448.
 Blood from slaughterhouses is an inevitable part of meat pro-
duction, causing environmental problems due to the large volumes 
recovered and its low valorization. However, the α137–141 peptide, 
a natural antimicrobial peptide, can be obtained after hydrolysis of 
hemoglobin, the main constituent of blood red part. To recover it 
at a sufficient concentration for antimicrobial applications, a new 
sustainable technology, called electrodialysis with ultrafiltration 
membrane (EDUF), was investigated. The α137–141 concentra-
tion was increased about 4-fold at a feed peptide concentration of 
8% with an enrichment factor above 24-fold. This feed peptide con-
centration also needed the lowest relative energy consumption. 
Moreover, this peptide fraction protected meat against microbial 
growth, as well as rancidity, during 14 days under refrigeration. 
This peptide fraction was validated as a natural preservative and 
substitute for synthetic additives against food spoilage. Finally, pro-
ducing antimicrobial/antioxidant peptide from wastes by EDUF 
fits perfectly with the concept of circular economy.

PRO  IOP  H&N  Foodomics revealed the 
effects of extract methods on the 
composition and nutrition of peanut oil
Jiang, F., et al., J. Agric. Food Chem. 68: 1147–1156, 2020,  
https://doi.org/10.1021/acs.jafc.9b06819. 
 Processing technology has a significant effect on the functional 
quality of vegetable oil, but the exact mechanism is not yet very 
well-known so far. The purpose of this study was to investigate the 
effects of extract methods on the composition and nutrition of pea-
nut oil. Peanut oil was prepared by cold pressing, hot pressing, and 
enzyme-assisted aqueous extraction, and their trace components 
were determined by liquid chromatography–mass spectrometry 
(LC–MS). Serum and liver samples from Sprague–Dawley (SD) rats 
fed with different extract oils were profiled by gas chromatography–
mass spectrometry (GC–MS) and LC–MS. The component analysis 
showed that different process technologies cause differentiation of 
trace active ingredients. Metabolomics analysis revealed that a high-
fat diet causes serum and hepatic metabolic disorders, which can be 
ameliorated by hot-pressed and hydroenzymatic peanut oil, includ-
ing downregulation of partial amino acids, fatty acids, phospholipids, 
and carbohydrates in cold-pressed peanut oil as well as the upregu-
lation of palmitic acid, uric acid, and pyrimidine in enzyme-assisted 
aqueous oils. Canonical correspondence analysis (CCA) uncovered 
strong associations between specific metabolic alterations and pea-
nut oil trace components. The data obtained in this study offers a new 
insight on the roles of oil processing.
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