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6 The Iatest on Iiposomes

These lipid-based compounds not only deliver drugs to their intended targets;
they also increase the effectiveness of beauty products and supplements, such
as vitamins.



12 Extraction of phospholipids from dairy processing by-products

The filtration methods used to make commercial dairy phospholipids (PLs)
concentrates from dairy waste do not separate polar and neutral lipids. Recent
evaluations of a scalable method demonstrated that total lipids can be extracted
and fractionated into neutral and polar lipid fractions using green solvents.

16 Determining protein and fat in plant-based foods

Learn how the fat and protein content of a wide variety of plant-based food
samples can be determined with standard automated analytical methods.

2 2 Phospholipase for enzyme-assisted alkaline refining
New evidence shows that incorporating this enzyme directly into the alkaline
refining process results in significantly higher yields and preserves the final oil
quality from caustic refining.

26 Bio-based (edible) oils: feedstock for lubricants of the future

Enhanced environmental guidelines and regulations in the food-processing
industry have created a need for bio-lubricants that are less toxic and more

biodegradable.
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The latest on
liposomes

Since 1961, when images from an electron microscope first revealed the bilayer lipid structure
of cell membranes, researchers have been intrigued by their potential. The scientist who made

the discovery, Alec Douglas Bangham, at Babraham Institute in Cambridge, Massachusetts, USA,
observed that, like a microscopic parcel, the closed structure released its contents when exposed

to a detergent. He called the structures “liposomes.”

¢ The courier capability of liposomes is being fine-tuned for
drug delivery, while researchers continue to imagine new
applications.

¢ Supplement makers are touting the potential benefit of
liposomes for increasing the circulation time of vitamins in
the blood.

¢ Researchers have developed a liposome that is capable of
promoting cell attachment and growth by delivering an
extracellular matrix to cells.

e Liposomes could eventually lead to artificial cells that reveal
the origin of life.

The lipid bilayer of liposomes creates a
unique vessel that’s utility was immediately
recognized as a means for stealthily delivering
drugs to sites of disease in the human body.
The hydrophobic membrane encapsulates an
aqueous core where hydrophilic molecules
can be contained. Liposomes can also encap-
sulate molecules that do not dissolve in water.
Hydrophobic molecules trapped inside them
will cling to the interior bilayer walls. In fact,
the physical properties of liposomes allow for
a diversity of compounds and pH ranges to
reside within the structure without detection
by the body’s immune system.

“Lipids are biologically friendly molecules,”
says Kwanwoo Shin, professor at Sogang
University in Soul, Korea. “They are very stable
in our biological systems.”

In the decades since their discovery, phar-
maceutical companies have developed a range
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of clinically approved liposome-based medicines. They are
ideal for drugs with poor pharmacokinetics, limited bioavail-
ability, or a high degree of toxicity. As the field of nano-med-
icine grows, the biocompatibility of liposomes and lipid
nanoparticles will continue to make them a valuable asset for
drug delivery.

In fact, lipid nanoparticles are a critical part of the COVID-
19 vaccines being produced by Pfizer and Moderna. Both man-
ufacturers use lipids to shield delicate mRNA long enough for
it to be delivered to cells. There, the mRNA signals the cell to

CELLULAR LIPIDS

produce a coronavirus protein that induces a mild immune

response, prepping the body for future COVID-19 exposure.

A Moderna representative has stated that its unique combi-

nation of four different lipids sufficiently protect mRNA from

degrading, thus requiring a lower storage temperature than

the Pfizer vaccine (https://tinyurl.com/covidmRNAvaccines).
Along with their established role in pharmaceuticals,

such lipid-based compounds have enhanced the effectiveness

of products for the beauty and supplement industries. And

researchers are getting more innovative about liposome appli-



cations, even using them to make artificial cells. Here are some
of the latest commercial and research applications.

A NANOMEDICINE

“Liposomes prolong circulation of a drug in the body, break-
ing down without being expelled through the kidneys, for a
slow release of the active ingredient,” says Claudia Zylberberg,
CEO at Akron Biotech, in Boca Raton, Florida, USA. The com-
pany provides products and services to biopharmaceutical
companies (https://www.akronbiotech.com/). The US Food
and Drug Administration (FDA) approved liposomes as the first
nanoscale drug in 1995. Since then, development has centered
on delivering a target compound to a specific location, within
a specific time, and at a desired permeation rate. Researchers
alter the composition of phospholipids in the bilayer to tailor
the drug-release profile for specific applications.

Early on, interactions with circulating blood proteins
destabilized liposomes, and they were cleared from the body
shortly after injection. The drug carriers became more effec-
tive after they were coated with inert hydrophilic polymers,
such as polyethylene glycol (PEG). The improvement increased
circulation time and, thus, bioavailability, earning these modi-
fied versions the name, “stealth liposomes.”

Coating liposomes has led to their improved effective-
ness in targeting specific treatment areas. Ligands attached to
the stealth liposome shell home in on unique disease environ-
ments and selectively deliver a drug. Cancer therapies center
on overexpressed cell receptors that occur with malignancy.
Connecting ligands of certain enzymes, folic acid, or monoclo-
nal antibodies to the exterior of the liposomes is like provid-
ing a key that can access cancer cells. Once the liposomes have
gained access, they unleash their cancer-killing cargo.

“Itis also possible to have them break down in a certain
environment,” says Zylberberg. “Like in a capillary where there
is a lot of oxygen and CO, exchange actively changing the local
environment to have a lower pH.”

Customized liposome coatings have resulted in successful
clinical trials for liposome-based drugs to treat fungal infec-
tions, meningitis, hepatitis, as well as a variety of cancers. In
clinical studies, the pharmacokinetics and biodistribution sur-
pass traditional treatments while minimizing toxicity.

Zylberberg says she will not be surprised if the success
of liposomes as delivery vehicles that can be modified for cell
penetration will lead to their application in more and more
commercialized products.

ENCAPSULATING SUPPLEMENTS

Many of the vitamins sold as supplements do not produce as
much benefit as they could because of a lack of bioavailability.
The majority are not absorbed by the body. They are broken
down during digestion and expelled.

Some supplement makers have caught on to the potential
benefit of liposomes for increasing the circulation time of vita-
mins in the blood. A company called SOMEGA, in Cork, Ireland,
has just launched a liposome-coated vitamin C supplement.
One of the company’s co-founders claims the new technology
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FIG. 1. (A) Comparison of blood plasma concentrations of vitamin
C after intravenous administration versus oral and liposomal oral
doses (B) Comparison of oral doses only showing an increase in
blood plasma concentration with liposomes. source: Davis, J.L., Nutrition
and Metabolic Insights, January 2016

improves absorption by enhancing delivery of vitamin C to the
cells (https://tinyurl.com/supplementswithliposomes).

A company in Rehoboth Beach, Delaware, USA, is making
a similar claim. Manna is promoting a liposomal curcumin that
they say enhances powdered turmeric’s pain-reducing and
anti-inflammation capabilities (https://curcumin.mannaboost.
com). The company cites scientific studies that support their
claims. In fact, recently published research on small groups of
participants show an increase in bioavailability with liposome-
encapsulated supplements.

Researchers compared intravenous, oral, and liposomal
vitamin C supplements (Fig. 1) and found that encapsulating
the vitamin resulted in a higher concentration in the blood
when taken orally than occurred with non-encapsulated sup-
plements (https://doi.org/10.4137/NMI.539764). Typically,
vitamin C must be administered intravenously to achieve a sig-
nificant amount in blood plasma. Oral doses of the supplement
do not make it through the renal system without decompos-
ing. However, the longer vitamins are in the blood stream, the
greater the chance they will be absorbed into cells and counter
the effects of oxidative stress. The conclusion of liposomal
vitamin studies is that these nanoparticles provide users with
the critical benefit of a longer duration in the blood stream
(https://doi.org/10.1080/08982104.2019.1630642).
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BEAUTY AND HEALING

The beauty industry has also taken advantage of liposomes
as a means for delivering molecules to cells. The market has
myriad anti-aging products encapsulated in liposomes to
improve effectiveness.

Shin says it is not enough to coat an anti-aging ingredient.
The synthesis should be strategic. The properties of the lipo-
some and its contents must be planned properly to achieve
the desired outcomes for a specific application, he adds. For
precisely controlled delivery to a target, you need to make the
exact sized nanoparticle containing the exact compound with
the exact molecular structure.

“If the particle size is much smaller than the cell size of
human skin, then the particles start to penetrate the cell
directly,” Shin explains. “If the size is bigger, then the cell nat-
urally repels it.” He is currently collaborating with Harvard
researchers on a new liposome delivery system for collagen.

The problem is collagen is a huge molecule, according to
Shin. “Sometimes people drink it or apply it directly, but it is
too big to penetrate inside a cell.” Shin and his collaborators
have developed liposomes containing tropocollagen mole-
cules, smaller collagen subunits that link together to make
up a full collagen molecule. They are small enough to pene-
trate deep into the skin and enter cells. An external stimula-
tion source, like the light from an LED mask, dismantles the
liposomes, spilling their contents, which cells then use to build
collagen fiber in situ. Skin cells excrete the collagen into inter-
cellular space, replacing what is lost naturally with age.

Shin says this liposomal collagen product has been suc-
cessfully tested on animals. The group hopes to commercial-

ize it next year. Concurrently, they are applying their process
for developing this product to create a treatment for healing
wounds.

“Healing is a natural process, but to facilitate it we are add-
ing liposomes with extra cellular matrix proteins,” Shin says.

Fibronectin, laminin, and elastin are some of the proteins
that compose the body’s connective tissue. When an injury
occurs, they remodel the skin and formulate scar tissue.

Shin and his team have combined these proteins with lipo-
somes and found that the additional cellular matrix proteins
alone accelerate healing. “Even without drugs we can make
the cells more active, more fast moving so they can heal much
faster,” he says.

This is particularly important for burn victims. After a
burn, skin scars more quickly than cells can rebuild the skin’s
original shape, permanently changing its structure. But if you
activate the cells with liposomes containing the necessary pro-
teins, then you can entice it to rebuild the skin before scarring
occurs, Shin says. Perhaps all bandages could be infused with
this treatment to improve wound healing.



ARTIFICIAL CELLS

Shin views the applications he described as a means to an end.
What he is most interested in studying is the fundamental
mechanism for cellular function. To do that, he uses liposomes
to recreate the organelles and membranes that comprise a liv-
ing cell.

Shin explains that a classic liposome study focuses on opti-
mizing the shape of the lipid bilayer for a specific target. His
research group is working with shape as well as function, so
the liposome behaves like an actual cell.

“This is really complex, but we went through one function
at a time. Then we combined them incrementally,” he says.
“The whole architecture is just made of lipids and proteins.”

Building a cell from the ground up inevitably involves the
challenge of having to duplicate the complex metabolic reac-
tions that cells need to operate. Shin’s team addressed the
challenge by using light, in a type of photosynthesis, to initi-
ate cell processing. They embedded proteins and enzymes in a
lipid membrane which produced adenosine triphosphate (ATP)
when activated. Switching the light to a different wavelength
stops the reaction. ATP provides the energy necessary for the
cells to generate actin, a protein that forms filaments of mus-
cle cells. The experiment, published in Nature Biotechnology
(https://doi.org/10.1038/nbt.4140), proved that liposomes
could be used to make a functioning artificial cell (Fig. 2).

Shin plans to continue his international collaboration with
the Harvard researchers in pursuit of creating fully operational
artificial cells. He says that these types of cells could be used to
identify how a disease manifests and, ultimately, how to cure
or eliminate that disease. Primarily, he is curious about life.

“There was a protein; there was a lipid; there were many
other things,” says Shin. “Somehow they assembled to become
bacteria, to become viruses, to become mammalian cells.” In
the future, he wants to perform fundamental studies to under-
stand how multi-celled organisms developed. “We could use
artificial cells to learn how human life originated,” says Shin.

The human body is teeming with lipids. Liposomal cloaks
take advantage of that fact and allow researchers to sneak cru-
cial drug treatments past the body’s immune system. Over the
decades, they have gotten better at disguising drugs so that
nefarious cells do not suspect the threat that lies inside. It is
remarkable what scientists can do with a group of amphiphilic
molecules. They may even someday provide the answer for the
origins of life on Earth.

Rebecca Guenard is the associate editor of Inform at AOCS. She
can be contacted at rebecca.guenard@aocs.org.
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FIG. 2. Image of an artificial cell with a liposomal membrane (red)
embedded with artificial organelles (green) that produce the pro-
tein actin (white) using ATP that forms when the cell is activated
by Iight. Source: Kwanwoo Shin, Sogang University, Soul, Korea
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Extraction of

phospholipids

from dairy processing
by-products

¢ PLs from dairy processing by-products
can be extracted using safe solvents.

¢ Fractionation of the total lipids into
neutral and polar lipid fractions using
green solvents is possible and feasible.

¢ Salt precipitation of the milk fat globule
membrane fragments from low-solid
and low-fat content dairy processing
by-products is effective; PLs can then be
feasibly separated from the precipitate.

Dairy phospholipids (PLs) are milk fat globule mem-
brane (MFGM) lipids. Milk fat globule (MFG) lipids are
a complex mixture containing about 70% neutral lipids
and 26 to 30% polar lipids. MFGM PLs are functional
components in infant formulas and health-promot-
ing foods. They are unique compared to other sources
of PLs, because of the presence of sphingomyelin

(SM, 4.1-29.2% of total PLs) and phosphatidylserine
(PS, 2.0-16.1% of total PLs). These polar lipids protect
against infection, contribute to the healthy develop-
ment and maintenance of the brain and gastrointesti-
nal immune systems in early and late life, and improve
memory (Conway, et al., 2014). SM is reported to play
important roles in cell regulation and tumor suppres-
sion. PS has been attributed to cognitive performance
improvement.

The low content of PLs in dairy products makes it difficult to extract
and concentrate PLs on an industrial scale. Milk contains only 0.01-0.04%
PLs, but dairy by-products contain much higher concentrations of PLs, as
shown in Table 1. These data indicate that PLs associated with the MFGM
fragments tend to move toward the aqueous portion during process-
ing. Therefore, these processing by-products are ideal feedstocks for PLs
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extraction. Commercial dairy PLs concentrates are mostly pro-
duced using microfiltration, ultrafiltration, supercritical fluid
extraction, or a combination of these technologies. However,
the filtration methods do not specifically separate the lipid
classes (i.e., polar and neutral lipids), and the concentration of
PLs in the product is relatively low. The proteins in the aqueous
system tend to interfere with membrane separation, decreasing
operation efficiency. Because of this challenge, we have evalu-
ated scalable methods of extraction and fractionation that are
summarized in this article.

ETHANOL EXTRACTION OF DAIRY PLs

Previously, we successfully used hot ethanol to extract PLs
from egg yolk by injecting a stream of yolk liquid in a solvent
vessel. The protein instantaneously coagulates and forms a
network, and the lipids are leached out. Multiple stages of
extraction can be used, and various extraction parameters
can be tested. Figure 1 shows how the procream, a lipid-rich
by-product removed from whey to make whey protein isolate
(also referred to as whey protein phospholipid concentrate),
behaved in this extraction system. We found that aqueous
ethanol in the concentration of 70-90% and at temperature
60—80°C can extract both neutral and polar lipids, but with dif-
ferent preferences depending on the extraction conditions.
Overall, if a high ethanol concentration and temperature are
used (90% at 70°C), 94 and 100% of the total and PLs can be
recovered through 5-stage extraction (most are extracted with
two sequential extractions).

However, the PLs concentration in the product is low
(32%) as it is in the original material (~29% relative to total lip-
ids). If lower ethanol concentration and temperature are used
(70% at 70°C), the solvent will have a preference for PLs, lead-
ing to a product with 46% PLs, but with much lower total and
PLs recovery of 41 and 58% (Price, et al., 2018). Therefore, this
method is modestly successful. To further concentrate the PLs,
an additional fractionation method is needed.

PROCESSING

SOLVENT FRACTIONATION OF
THE TOTAL DAIRY LIPIDS

To investigate suitable solvent and conditions to separate

the neutral lipid from PLs, a total dairy lipid extracted from
beta stream—a by-product of making anhydrous milk fat

from butter—was used in a study (Price, et al., 2020a). A fixed
lipid:solvent ratio of 1:10 (g/mL) was used at various fraction-
ation temperatures (-20, 2, 15, 23, 40, and 60°C) depending on
the solvents. The use of acetone at 23°C, not at any lower tem-
peratures, led to a dairy PLs product with high PLs content of
71.5% (Fig 2, page 14). The more aqueous ethanol, i.e., at 70%
concentration at 60°C compared to 95%, was able to prefer-
entially extract PLs to form products with up to 74.7% PLs, but
the PLs yield was much lower (26.3%) compared to acetone
precipitation (97.9%). The 95% ethanol at 23°C led to a PLs
product with 59.7% yield and 60.7% PLs content, compared to

TABLE 1. Dairy phospholipids (PLs) content in various products

PLs % in PLs % in dry PLs % in

product matter total lipids
Whole milk 0.0 0.2 0.8
Skim milk 0.0 0.3 19.1
Cream 0.2 0.4 0.5
Butter 0.2 0.3 0.3
Buttermilk 0.1 1.5 25.6
Buttermilk whey 0.1 1.8 23.7
Butter serum 1.3 11.5 48.4
Cheddar 0.2 0.3 0.5
Cottage cheese 0.4 1.6 5.3
Whey (cheddar) 0.0 0.3 5.3
Whey (Swiss) 0.0 0.3 33.6

Data obtained from Rombaut and Dewettinck (2006).

FIG 1. Procream liquid is injected in the heated ethanol vessel, at the equilibrium state for stage-1 extraction (left) and the five sequen-

tially extracted dairy lipids (right).
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FIG. 2. Fractionation of neutral and polar lipids of total dairy fat
at various temperatures using 70% ethanol (top), 95% ethanol
(middle), and acetone (bottom).

the initial beta stream lipid fraction that contained 35.2% PLs.
Therefore, acetone precipitation at ambient temperature is an
effective way to separate neutral and polar lipids.

Fatty acid (FA) composition of the separated polar
and neutral lipid also yielded interesting observations. As
expected, PLs extract contained more unsaturated FA (mainly
C18:1) compared to the neutral lipid in the respective prod-
uct. Phosphatidylethanolamine (PE) is the most saturated PL
class, followed by SM. It is very interesting to observe that
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C23:0 is found primarily in the PLs, concentrated in SM (up to
18-22% of the total FAs) and PE (up to 12.6%). SM contained
the highest amount of long-chain fatty acids, such as C20:0,
22:0, 22:1, 23:0, and 24:0. In addition, the branched-chain fatty
acids (BCFAs) were primarily found in the NL fraction. We also
aimed to enrich BCFAs during the process, but it proved to be
very challenging due to their overlapping melting points with
other fatty acids. The BCFAs concentration in the initial beta
stream was about 1.0% of the total lipid fraction, which was
composed of 13.1% iso C15:0, 28.9% anteiso C15:0, 24.0% iso
C17:0, and 34.0% anteiso C17:0 fatty acids.

Overall, the use of solvent fractionation was shown to be
an effective way to concentrate dairy PLs from a high-PLs con-
tent dairy fat. The solvent type and fractionation temperature
are important factors for PLs concentration. Future work can
be done to fractionate directly from the solid and high-solid
content dairy by-products using modified conditions identified
in this study.

SALT PRECIPITATION OF THE DAIRY
PLS FROM DILUTE OR LOW-SOLID
LOW-FAT CONTENT BY-PRODUCTS

To obtain a PLs-rich fraction from a low-fat or low-solid
content aqueous system, a salt precipitation method was
explored. The thermocalcic aggregation of MFGM has been
used to remove lipid interference in producing whey protein
concentrate (Rombaut and Dewettinck, 2007; Damodoran,
2010). We expanded the scope and investigated the type of
salt, salt concentration, and temperature on the precipitation
efficiency of PLs in the beta stream of 5% solid concentration
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FIG 3. Dairy PLs precipitation with Ca acetate and Zn acetate at
30 and 60°C at different salt concentrations (left); and protein
precipitation along with PLs (right, insert shows clarification of
beta stream dispersion with increasing salt concentration).
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FIG. 4. Recovery of the first and second extraction and residual
total lipid (top) and PLs (bottom) from the calcium acetate-pre-
cipitated membrane lipid fragments in dairy processing waste
stream. H: hexane, IP: isopropanol, ETH: ethanol, EA: ethyl ace-
tate, DCM: dichloromethane, C: chloroform, M: methanol.

(Price, et al, 2020b). The use of zinc acetate and calcium ace-
tate, along with mild heat treatment and pH adjustment, was
shown to be effective in precipitating PLs and proteins into a
pellet. The effective precipitation conditions were zinc acetate
of 25 mM concentration at pH greater than 6.5 and 30°C that
led to a >96% of both total and PLs recovery. Calcium acetate
of greater than 75 mM concentration at pH greater than 6.5
and 60°C was able to precipitate >88% total lipid and >85% PLs
(Fig 3). Even though the calcium salt is less effective compared
to zinc salt, it precipitated less protein, and it has fewer health
concerns.

Conway, V., S.F Gauthier, and Y. Pouliot, Buttermilk: much

more than a source of milk phospholipids, Anim. Frontiers 4:

44-51, 2014.

Damodaran, S., Zinc-induced precipitation of milk fat
globule membranes: a simple method for the preparation
of fat-free whey protein isolate, J. Agric. Food Chem. 58:
11052-11057, 2010.

Price, N., T. Fei, C. Clark, and T. Wang, Application of

zinc and calcium acetate to precipitate milk fat globule
membrane components from a dairy by-product, J. Dairy
Sci. 103: 1303-1314, 2020 b.

Price, N., T. Fei, S. Clark, and T. Wang, Extraction of
phospholipids from a dairy by-product (whey protein

Extracting using 90% ethanol at 70°C, PLs recovery of
>95% from the precipitate was achieved. However, salt was also
extracted in the PLs fraction. This work demonstrates that cal-
cium acetate precipitation has a great potential for producing
valuable lipid fractions from the beta stream or other similar
dairy processing by-products. But, an improved PLs extraction
from the precipitate without salt co-extraction is needed.

EXTRACTION OF PLS FROM THE
PLS-SALT PRECIPITATE

We are now investigating the extraction of PLs from this MFGM
fragment that was previously precipitated with salt. We began
by using acetone to remove only the neutral lipids first, then
tested solvents of different polarity to extract PLs. The calcium
acetate precipitate has protein, salt, moisture, and neutral and
polar lipids contents of 31, 32, 10, 17, and 10%, respectively.
Acetone removed 13% of the mass as neutral lipid, and the
residual was extracted with solvents. As shown in Figure 4, two
sequential extractions with dichloromethane:methanol (2:1),
hexane:isopropanol (3:2), and hexane:ethanol (1:2.5) (polar-
ity index of 3.8, 1.6, and 3.7) resulted in relatively high total and
PLs recovery in the first and second extraction compared to
extraction with the standard chloroform:methanol (2:1, polarity
index of 4.4). In contrast, the extraction with hexane:isopropa-
nol (1:4) and ethyl acetate:ethanol (75:20) (polarity index of 3.2
and 4.6) was poor. Therefore, for such a PLs extraction, solvent
polarity alone is not the determining factor.

This work is still ongoing, and more results will be
forthcoming.

Tong Wang is a professor in the Department of Food Science at
the University of Tennessee, Knoxville, USA. Her research pro-
grams focus on fats and oil chemistry, quality and functionality,
and processing of commodity products or by-products, such as
corn, soybean, egg, dairy, microbial biomass, and hemp.
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Chem. Soc., 2020 a., DOI 10.1002/aocs.12377.

Rombaut, R. and K. Dewettinck, Thermocalcic aggregation
of milk fat globule membrane fragments from acid
buttermilk cheese whey, J. Dairy Sci. 90: 2665-2674, 2007.

Rombaut, R. and K. Dewettinck, Properties, analysis, and
purification of milk polar lipids, Int. Dairy J., 16: 1362-1373,
2006.
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Determining
protein and fat
in plant-based foods

¢ The fat and protein contents of five commercially available
plant-based foods were determined using BUCHI's standard
automated fat extraction and Kjeldahl solutions.

¢ The determined values for fat and protein content were in close

agreement to the labelled nutrient content and delivered good
repeatability with a relative standard deviation of 2% or less.

¢ The standard application parameters can be used, and no
specific adaptation for these types of samples was necessary.

Plant-based burgers and other
meat alternatives have become
very popular, not only with vegans
and vegetarians but also with con-
sumers who are concerned about
sustainability and health. Although
these products are vegan, they
have wide appeal and are viewed
as trendy products for a contem-
porary lifestyle [1].
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A meat substitute or meat analogue approximates certain
qualities (primarily texture, flavor, and appearance) or chem-
ical characteristics of a specific meat. The texture of meat is
imitated by processing pea, soy, or wheat proteins, and red
beet root juice or plant heme provide the color [2]. A spe-
cial focus is placed on the proteins, as the protein ingredients
are the most important components for product identity and
product differentiation. The role of fats and oils in meat ana-
logue formulations is to contribute to the juiciness, tenderness,
mouthfeel, and flavor release of the product [3]. The content
of proteins and fat are important for controlling the produc-
tion process as well as for quality control of the final product.
Nutritional labelling is a legal requirement and of interest to
many health-conscious consumers.

We recently determined the fat and protein content of a
wide variety of plant-based food samples with BUCHI’s stan-
dard automated fat extraction and Kjeldahl solutions.

The samples were chosen to represent different protein
sources (soy, wheat, pea) and various ways in which the pro-
teins were processed (dried, extruded, and so on). The food
samples used in the study are shown in Figure 1.

AUTOMATED ANALYSIS

FAT DETERMINATION WITH
FATEXTRACTOR E-500

The fat content of foods is usually determined by solvent
extraction according to different extraction methods. Other
methods, such as near-infrared (NIR) or nuclear magnetic res-
onance (NMR), can also be used. The choice for a method
depends on the purpose of the analysis (e.g., official nutrition
labeling or rapid quality control), the daily sample load, and the
need for compliance with official standard methods.

Crude fat or free fat is determined by pure solvent
extraction. When the total fat content is determined, an acid
hydrolysis prior to the solvent extraction is carried out. The
acid hydrolysis releases all the encapsulated or bound fat from
the sample matrix.

Soxhlet extraction is still the most widely used method
for fat determination. It is a very robust and easy method that
is demanded by many official standard methods. Fat determi-
nation according to the Weibull-Stoldt method includes acid
hydrolysis and Soxhlet extraction.

The FatExtractor E-500 is designed for quick and com-
pliant fat extraction according to Soxhlet, Randall, or

A |

FIG. 1. Plant-based food samples used for this study prior to homogenization: soy schnetzel (top row, left); fish fingers based on wheat
(top row, right); boiled sausage based on Tofu and wheat protein (bottom row, left); steak based on soy and wheat (bottom row, middle);
and cold cuts based on pea and soy protein (bottom row, right)
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FIG. 2. HydrolEx H-506 in combination with the FatExtractor E-500 Soxhlet for compliant and fast solvent extraction of fat according to

the Weibull-Stoldt method

Twisselmann (Fig. 2). The HydrolEx H-506 offers a smooth and
safe process with convenient system handling for acid hydroly-
sis as a sample preparation step prior to fat extraction for total
fat determination.

The total fat content of the samples, as well as the free fat
content (without prior acid hydrolysis), were determined. The
results are shown in Table 1 and Figure 3.

All determined fat contents were higher when the sam-
ples were hydrolyzed before the fat extraction. This prepara-
tion step helps to release bound fats from the matrix and is
advisable for plant-based foods.

PROTEIN DETERMINATION
WITH KJELMASTER K-375

The three-step Kjeldahl protein determination was estab-
lished at the end of the 19th century by Johan Kjeldahl at the
Carlsberg Breweries in Copenhagen, Denmark.

Despite its age, the method is still widely used as the
reference according to most official norms worldwide. The
method consists of three main steps, which include digestion
to convert organic nitrogen to inorganic ammonium sulphate,
distillation preceded by alkalization to separate ammonia from
the digest, and titration for quantification of the ammonia.
Due to the automation of the process, the method is safer and
more application-friendly, with an impact on chemical savings.

The BUCHI KjelDigester K-449 along with the KjelMaster
K-375 adjacent to the KjelSampler K-377 (Fig. 4, page 20) is
designed for automated, high-sample throughput and a poten-
tiometric or colorimetric titration for compliance to the broad-
est range of official methods.

The BUCHI standard method was applied [5] according to
the freely available Kjeldahl Optimizer App [6]. Overall, the results
(Table 2, page 20) for the protein content are in close accordance
with the labelled values with only minimal deviations.

TABLE 1. Free fat and total fat content determined in plant-
based foods. (n=3, RSDs % in bracket) The samples were
extracted with petroleum ether 40-60°C using Soxhlet
extraction for 20 cycles. For total fat, the samples were
hydrolyzed with 4 M HCI for 30 min prior to extraction.

Free fat [g/100g] Total fat [g/100g]
Soy schnetzel 0.10 (10.2) 1.66 (4.45)
Boiled sausage 15.8 (0.64) 16.8 (0.59)
Steak 10.7 (0.92) 11.8 (0.77)
Fish fingers 12.9 (1.67) 14.1 (0.89)
Cold cuts 11.2 (0.30) 12.1 (0.64)
20
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FIG. 3. Mean values of the determined fat contents for total and
free fat of five plant-based food samples. The error bars indicate
the standard deviation (n=3)
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FIG. 4. KjelDigester K-449 connected to the Scrubber K-415 for neutralisation of acidic fumes for increased longevity of the instruments
and environmental protection; KjelMaster K-375 in combination with the KjelSampler K-377 for highest sample throughput

TABLE 2. Comparison between labelled and determined

protein content in g/100g (n=3, RSDs % in brackets) Reference
Labell;f oc(;)ntent D:te:myli)‘:) [1] Rutzler, H. 2019. Article from Food Report 2019,
le el content [g el translated into English https://www.zukunftsinstitut.
Soy schnetzel 49 47.4(0.04) de/artikel/food/plant-based-food-der-neue-spin-bei-
Boiled sausage 17 16.4 (0.11) ersatzprodukten/.
Steak 20 19.7 (0.95) [2] Wikipedia, definition of meat analogue, as
Fish fingers 126 12.8 (0.44) seen on 10.03.2020. https://en.wikipedia.org/wiki/
Meat_analogue.
Cold cuts 6.5 6.9 (1.32)

[3] Bohrer, B. An investigation of the formulation and
nutritional composition of modern meat analogue

The consistency of the results (RSD < 2%) was excep- products, Food Sci. Hum. Wellness 8: 320-329, 2019.

tionally good, demonstrating that fat and protein contents of

plant-based food matrixes can be determined with standard [4] Application note 387/2020. Determination of total

automated analytical methods. fat content in plant-based meat substitutes. Available
for download at: https://www.buchi.com/ch-de/

Claudia Blum is the Global Product Manager for Extraction solu- node/10871.

tions at BUCHI Labortechnik AG in Switzerland. She has a back- [5] Application note 395/2020. Protein determination

ground in food engineering and did her PhD in food chemistry. in plant-based meat alternatives. Available for

BUCH! is a leading solution provider in laboratory technology for download at: https://www.buchi.com/ch-de/

R&D, quality control and production worldwide. node/11642.

Nicolai Kraut works as a Product Specialist for Kjeldahl and [6] Kjeldahl Optimizer.App. Availablg for download

Extraction at BUCHI Labortechnik AG in Switzerland. He has a atf httpf:/ / WWYV'bUCh"C(?m/ en/ serv.lce.-support/

background in pharmaceutical chemistry, holds a PhD in bioana- scientific-mobile-apps/kjeldahl-optimizer.

lytical chemistry, and has experience in R&D and quality control Additional Information

in the food and pharmaceutical industry. He can be contacted at e Operating manual FatExtractor E-500

Kraut.N@buchi.com. e Operating manual HydrolEx H-506

e Operating manual KjelMaster K-375

¢ Operating manual KjelDigester K-449

* Microsite Classical Extraction
https://www.buchi.com/en/
classical-extraction-system
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Phospholipase C (PLC) products have been on the market for several years already and are well-
established in the water degumming of soybean oil to provide additional oil yield (Galhardo and
Dayton). While developing the new PLC Quara® Boost for water degumming, my research group
discovered that the enzyme could be integrated with the alkaline refining process. The result is a
significant increase in oil yield and preservation of the final oil quality from caustic refining (Holm
and Nielsen). Recently, the process efficiency has been confirmed in full-scale trials.

_ ] o THE PROCESS
* Phospholipase C (Quara” Boost) enables higher oil The typical alkaline refining process is seen in Figure 1.
yields in water degumming of vegetable oils. Some plants start the refining with a water degum-

ming process and continue the process once the oil is
degummed. They may already have considered using

e Myr rch gr Novozymes recentl
VLA G D EL W ) phospholipase C during the water degumming step to

documented that incorporating this enzyme directly get a higher oil yield. Either way, water degumming
into the alkaline refining process results in significantly includes a gum centrifugation step where some oil is
. . . . . inevitably lost.
higher yields and preserves the final oil quality from Other plants go directly from the crude oil to
caustic refining. the caustic step, which eliminates both the gums and
the soap stock. Another option is to incorporate a
 Enzyme-assisted alkaline refining is simple to establish chelating step that uses phosphoric acid to achieve
) ) o . . the lowest possible phosphorous content (P-content)
and has a short payback time, as the typical oil yield is in the final oil.
15-20kg per ton. The process our group developed for incorporat-

ing PLC Quara® Boost into the alkaline refining process
is seen in Figure 2.
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FIG. 1. Alkaline refining process
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FIG. 2. Enzyme-assisted alkaline refining with phospholipase C (Quara Boost)

THE ENZYME

The Quara Boost enzyme consists of two enzyme molecules
that hydrolyze the phosphatidyl choline/ethanolamine (PC/PE)
and phosphatidyl inositol (Pl), respectively. The phosphatidic
acid (PA) is not hydrolyzed. The extra oil yield is the sum of the
released diglycerides (DG) and the neutral oil, typically in ratio
2:1. The critical parameters for an efficient enzyme reaction
are pH in the water phase, temperature and time of reaction,
and an efficient emulsification of the water phase in the oil.
The preferred parameters are shown in the flow chart (Fig. 3).

EXPECTED OIL YIELD INCREASE

The increase in yield depends on the amount of phospholipids
in the crude oil, which varies considerably depending upon
the location, bean/seed quality, and process technology.

Phosphorous from the phospholipids in crude oil typically
ranges from 400-1400ppm. Since PA is not converted, the
amount of PA must also be taken into account.

From our experience working with phospholipase, we typ-
ically get a 75% conversion of the PC + PE + Pl in the oil. The
limitations in the hydrolysis are caused by different param-
eters, such as the extent to which the phospholipids are
hydrated, variations in the process parameters, the efficiency
of mixing, plus the duration of the reaction. Recalculating the
expected increase in DG from the phospholipid hydrolysis pro-
vides an estimate, as seen in Figure 4 (page 24), based on the
phosphorous numbers in the oil (5% PA in the case of the pro-
vided example). It should be noted that the numbers used in
this recalculation are based upon 3!P-NMR data, which typi-
cally show a slightly lower P-content than the ICP-P method.

In addition to a DG-increase, you can expect a yield of neutral

3%

400 ppm 1-2eqv water,55°C . 10% .
Crude oil phosphoric NaOH to ! ' rzca)cTi?n E> excess Hseoa‘}'(':“_g
at 70°C acid, 15 min phosphoric 150 ppm £ 55°C NaOH :
at 70-85°C acid at 70°C Quara @ 70°C separation
Boost

FIG. 3. Process parameters for the enzyme-assisted alkaline refining process
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The 75% line is the typical percentage of PC, PE, and Pl hydrolysis
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FIG. 4. Estimation of delta diglyceride (DG) from hydrolyzing the PC + PE + Pl in soybean oil with 5% PA

oil in the order of magnitude of about 50% of the delta DG. Alkaline Alkaline refined
For example, an oil with 900ppm P measured by the 3'P-NMR refined assisted by PLC
will have an estimated DG increase of 1.20%. With the release
of neutral oil of 0.5*1.20%, you may expect a yield increase of
1.8% oil.

The outcome of a laboratory experiment comparing con-
ventional alkaline refining to enzyme-assisted alkaline refining Dil
is shown in Figure 5.

oil

PROCESS CONSIDERATIONS

Retrofitting an existing alkaline refining plant will require
enzyme reactors and dosing and mixing equipment. The sug-
gested holding time for the enzyme reaction is 1-2 hoursin a Soap stock
tank system with some extent of plug flow. Plug flow can be

generated in a tank divided into at least four compartments as

shown in Figure 2. Another important detail is NaOH dosing,

which is done at two places in the line—after the acid chelating

step to adjust pH, and in the saponification step to neutralize

the acid from the pre-treatment, the FFA, and the phosphatidic  FIG. 5. Centrifuge test showing soap stock in the enzyme-assisted
groups formed during the enzyme reaction. The amount of alkaline refining compared to control

NaOH added at those two points are calculated based on the

amount of acid added, FFA in the crude oil plus a small excess,

and the amount of phospholipids that are hydrolyzed. This m

will be a slightly higher dosage than would be used without DCICICTICE
the enzyme process, as the phosphatidic groups formed as
result of the enzyme reaction must be neutralized. Since the
enzyme-assisted alkaline process eliminates water degum-
ming, there will be additional yield savings from omitting one

Soap stock

1. Galhardo, F. and Dayton, C. Enzymatic degumming.
https://lipidlibrary.aocs.org/edible-oil-processing/
enzymatic-degumming.

centrifugation step. 2. Holm, H.C, et al. 2018. Method for degumming
and refining vegetable oil. Patent application WO
Per Munk Nielsen is senior science manager, Application 2018/171552.

Research Oils & Fats, Novozymes, Denmark. He can be
contacted at pmn@novozymes.com.
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Setting the Standard | Since the 1920s, the global fats and oils industry has
relied on the analytical integrity of the Official Methods and Recommended
Practices of the AOCS. AOCS has set the standard for analytical methods critical
to processing, trading, utilizing, and evaluating fats, oils, lipid products, and
proteins. Worldwide acceptance has made the AOCS Methods a requirement
wherever fats and oils are analyzed.

ADDITIONS

AOCS Official Method Ca 17a-18
Determination of Trace Elements in Oil by
Inductively Coupled Plasma Optical Emission
Spectroscopy

Joint JOCS/AOCS Official Method Cd 29d-19
2-/3-MCPD Fatty Acid Esters and Glycidyl Fatty
Acid Esters in Edible Oils and Fats by Enzymatic
Hydrolysis

Joint JOCS/AOCS Recommended Practice

Cd 29e-19

2-/3-MCPD Fatty Acid Esters and Glycidyl Fatty
Acid Esters in Fish Oils by Enzymatic Hydrolysis
Joint JOCS/AOCS Official Method Ch 3a-19
Determination of the Composition of Fatty Ac-
ids at the 2-Position of Oils and Fats-Enzymatic
Transesterification Method using Candida
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AOCS Standard Procedure Ba 6a-05

Crude Fiber in Feed by Filter Bag Technique
AOCS Official Method Cc 7-25

Refractive Index of Fats and Oils

AOCS Official Method Cd 26-96
Stigmastadienes in Vegetable Oils

AOCS Official Method Cd 27-96

Steroidal Hydrocarbons in Vegetable Oils
AOCS Official Method Cd 3d-63

Acid Value of Fats and Oils

AOCS Official Method Cd 29¢-13

2- and 3-MCPD Fatty Acid Esters and Glycidol
Fatty Acid Esters in Edible Oils and Fats by GC/
MS (Difference Method)

AOCS Official Method Ce 8-89

Tocopherols and Tocotrienols in Vegetable Oils
and Fats by HPLC

AOCS Official Method Ch 3-91

Fatty Acids in the 2-Position in the Triglycerides
of Oils and Fats

AOCS Official Method Ch 5-91

Specific Extinction of Oils and Fats, Ultraviolet
Absorption

AOCS Analytical Guidelines Ch 7-09
International Trade Standard Applying to Olive
and Olive-Pomace Oils

AOCS Official Method Ch 8-02

Wax Content by Capillary Column Gas-Liquid
Chromatography

AOCS Procedure M 1-92

Determination of Precision of Analytical
Methods

AOCS Procedure M 3-82

Surplus Status of Methods

AOCS Criteria M 5-09

Approved Chemists (Criteria)

AOCS Criteria M 6-09

Certified Laboratories (Criteria)

New and revised methods included in the 2020
Additions and Revisions may also be purchased
individually as PDF downloads.




26 « INFORM January 2021, Vol. 32 (1)

Bio-based (edible) oils:
‘eedstock
for lubricants of the future

There has recently been a shift in research toward improving bio-lubricants that use base oils made
from biodegradable feedstocks. Vegetable oils are attractive base oils for bio-lubricants because
they are mostly biodegradable and are made from edible feedstocks. However, vegetable oil-based
lubricants are not capable of completely replacing the more standard petroleum-based lubricants,
because vegetable oils lack the physical properties (oxidative stability, thermal stability, and viscos-
ity range) that give petroleum-based lubricants their high performance. The physical properties of
bio-lubricants can be enhanced using additives, blending, or modification by chemical means, but
such enhancements can increase the total cost and toxicity, and decrease biodegradability [1]. Due
to enhanced environmental guidelines and regulations in the food-processing industry, the global
market for bio-lubricants is expected to grow from $2 billion to $2.4 billion in the next five years
[2]. The estimated growth is seen in Figure 1. For that to occur, there is a wide gap that must be
bridged between the petroleum-based lubricants and bio-lubricants, and this seems to be where
the bulk of the research will go. Recent growth in the healthcare and food processing industries
demonstrates a need for lubricants that are less toxic and more biodegradable, so research aimed
toward enhancing current bio-lubricants will be key in the near future [1].

Raj Shah, Nathan Aragon, and John Calderon

The term “vegetable oil” was introduced previously, but this
¢ The global market for bio-lubricants is is a broad term that encompasses several oils made from different
feedstocks and used for different applications. Canola oil is used to make

o2
exPeCted to grow by 20% in the next food-grade lubricants, hydraulic oils, and metal working fluids. Coconut

five years. oil is mainly used in gas engines. Palm oil is used in the steel industry and
is used to make greases. Rapeseed oil is used in farm equipment and in
o Recent growth in the healthcare the fabrication of biodegradable greases. Soybean oil has a wide variety

d food S ERTENC of uses, including fabrication of soaps, shampoos, detergents, and
and food-processing Industries pesticides, and acts as an ingredient in various lubricants, biodiesel fuel,
demonstrates a need for lubricants that and hydraulic oil. Sunflower oil is used for greases and diesel fuel [3].

are less toxic and more biodegradable. As such, the versatility of vegetable oils spans a multitude of industries,

* Research aimed at enhancing the
performance of current bio-lubricants
will be key to meeting this need.

More Informed poster summary

A poster summary of this topic with additional figures and graph-
ics is available at bit.ly/biolubricant.
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and many express key interests in utilizing vegetable oils as
bio-lubricants—especially industries that are environmentally
aware and face strict environmental regulations.

Key industries that apply bio-lubricants include the
marine, food processing, agricultural, and pharmaceutical
industries, as well as underground mining. Other industries
that show a large interest are commercial transportation and
the automotive industry [2]. This is due to the biodegradability
and low toxicity of bio-lubricants in addition to the benefit of
lower emissions from using them [4]. However, there are some
factors to consider when comparing vegetable oils and min-
eral, or petroleum-based, oils. Mineral oils tend to have better
stability with respect to hydrolysis and oxidation than vegeta-
ble oils. They also tend to have superior low-temperature per-
formance [5]. For example, one study found the pour points of
soybean oil and 90% sunflower oil to be -9°C and -12°C, respec-
tively, while the pour point of mineral oil was -21°C. The same
study also found the percentage of micro-oxidation after 30
minutes of soybean oil and 90% sunflower oil to be 48% and
13%, respectively, while the percentage of micro-oxidation of
mineral oil after the same time was found to be 5% [6]. The
extent of micro-oxidation is an important factor, because any
oil that undergoes more oxidation will be less stable.

LUBRICANTS

2018 2019 2020-e 2021 2022 2023 2024 2025-p

B North America MEurope [ APAC I''South America BMEA

e - estimated, p - projected

FIG. 1. Estimated growth of the bio-lubricant industry by 2025 [2]

Economic and social concerns about the effects of
large-scale usage of edible oils on seasonal-dependent food
markets are a major concern as well. The food markets are
examples of environments where non-toxic and biodegrad-
able lubricants are required. Research and development of



TABLE 1. NSF International registers the formulations of lubri-
cants for food-processing applications. Food-grade lubricants
are understood to be NSF Hl-registered lubricants for inci-
dental contact with food and beverages [1-4].

Description and Use

H1 e Lubricants with incidental contact with edible
products

e Food-grade lubricants

e Contain only chemicals that meet CFR 21, Section
178.3570

e Registered for incidental contact with food and
beverages

¢ Used for equipment in direct contact with food
products

* May be used as protective anti-rust film, release
agent, lubricant

H2 e Lubricants with no contact with edible products

¢ Not food-grade lubricants

¢ Not required to meet CFR 21, Section 178.3570

e Contain no carcinogens, mutagens, teratogens,
mineral acids, odorous substances, or intentionally
added heavy metals

¢ For use on equipment in food processing facilities
where there is no possible contact with food and
beverages

¢ May be used as protective anti-rust film, release
agent, lubricant

H3 e Soluble oils with incidental contact with edible
products

e Contain only chemicals that meet CFR 21, Section
178.3570

o Registered for incidental contact with food and
beverage

e Chemically acceptable for application to hooks,
trolley, etc.

e Used to clean and prevent rust

* Portions of equipment that contact edible products
must be cleaned before re-use

HT-1 | ¢ Heat transfer fluids with incidental contact with
edible products

¢ Registered for incidental contact with food and
beverages

e Contains only chemicals that meet CFR 21, Section
178.3570

HT-2 | ¢ Heat transfer fluids with no contact with edible
products

¢ Not required to meet CFR 21, Section 178.3570

e Contains no carcinogens, mutagens, teratogens,
mineral oils, odorous substances, or intentionally
added heavy metals

* For equipment in food processing facilities where
there is no possible contact with food or beverages

HX-1 | ¢ Food-grade lubricant components/ingredients

o Registered and listed by NSF International for use in
H1 formulations

e Comply with CFR 21, Section 178.3570
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improved edible oil-based bio-lubricants is driven by these
sensitive environments and the push for safe and sustainable
lubricants. Consequently, many industries are poised to ben-
efit from such research.

STANDARDS

Depending on the industry, the production and use of
lubricants must follow specific standards for performance
and environmental regulations established by numerous
international standards organizations and environmental
protection regulators. ASTM issues international standards
for lubricants through their D02 Committee [7]. Other
institutions that set standards for lubricants and the
petroleum industry include SAE International, the American
Petroleum Institute (API), the International Lubricant
Standardization and Approval Committee (ILSAC), and the
International Organization for Standardization (1SO) [8]. The
US Environmental Protection Agency (EPA) lists different
categories of environmentally acceptable lubricants, which
include vegetable oils, synthetic esters, polyalkylene glycols,
and water [9]. The US Department of Agriculture (USDA)
and the National Sanitation Foundation (NSF) also have
food grades specifically for lubricants categorized as H1-H3,
with each category representing the lubricant’s acceptable
exposure levels for food as shown in Table 1 [10]. The H1
category is for lubricants that may come into direct contact
with food, the maximum limit of lubricant in food being 10
ppm. The H2 category applies to lubricants that are used in
equipment where there is no possibility of direct contact
with food, while the H3 category is for lubricants used for
cleaning and preventing rust on equipment [1].

Although performance and environmental/toxicity
specifications for food-grade lubricants are well defined
and heavily regulated, what specifically constitutes a “bio-
lubricant” may not be defined and can change depending
on the industry and country [1]. Some organizations
may consider only biodegradability as a criterion, while
others may also incorporate renewable feedstocks as a
requirement. Consequently, biodegradable synthetic-based
lubricants may be classified as “bio-lubricants.” According
to the EPA’s designation of Environmentally Acceptable
Lubricants (EALs) used to determine environmental limits
for lubricants used in marine environments, at least 90%
of the formulation must be readily biodegradable for oil
lubricants and 75% for grease lubricants, with the rest being
either inherently biodegradable or non-biodegradable but
non-bio accumulative [11]. The EU’s Ecolabel has similar
requirements but separates lubricants into the following
classes: Total Loss Lubricant (TLL), Partial Loss Lubricant
(PLL), and Accidental Loss Lubricant (ALL). Each class
represents lubricants based on their application and have
different biodegradable specifications/limits as summarized
in Table 2 [12]. As such, bio-lubricants and bio-lubricant
manufacturers must have these specifications in mind
when forming bio-lubricant compositions alongside general
lubricant specifications, such as ISO/SAE grades.
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TABLE 2. EU Ecolabel biodegradability limits of lubricants classified by loss cases [12]. Cumulative mass percentage (%w/w)
limits for substances present in the product with respect to their biodegradability and bio-accumulation potential.

Greases
ALL PLL TLL (ALL,PLL,TLL)
Readily aerobically biodegradable >90 >75 >95 >80
Inherently aerobically biodegradable <10 <25 <5 <20
Non-biodegradable and non-bioaccumulative <5 <20 <5 <15
Non-biodegradable and bioaccumulative <0,1 <0,1 <0,1 <0,1

ADVANCEMENTS IN
BIO-LUBRICANT RESEARCH

As mentioned before, it is well known that bio-lubricants,
in comparison to mineral oils, show a large degree of

biodegradability, a low amount of toxicity, high flash points,

high viscosity indices, and better adherence to metal, but
suffer from low pour points and oxidative stability. Table 3
compares the viscosities and pour points of many common
mineral oil-based lubricants with numerous edible and
non-edible natural oil-based bio-lubricants. Higher grades

of petroleum lubricants possess significantly lower pour
points down to -54°C, whereas the lowest pour points of
the bio-lubricants only reached -27°C, indicating reduced
low temperature performance. Oxidative stabilities of a few
petroleum lubricants were orders of magnitude better than
those of the bio-lubricants as well [13].
To take advantage of the high viscosities, biodegradabil-
ity, and flash points, much of the research done so far has
attempted to improve the weaknesses of the vegetable oil
base, i.e., the thermal and oxidative stabilities through chemi-

TABLE 3. Relevant physiochemical properties of common mineral and vegetable oils, including viscosities, flash and pour
points, and oxidative stabilities [13]

Viscosity 40°C Viscosity Viscosity Pour Flash Point Oxidative Coecient of Wear
Lubricant (cSt) 100°C (cSt) Index* Point (°C) (°C) Stability (min) Friction (mm)
Mineral oils
1SO VG32 >28.8 >4.1 >90 -6 204 - - -
I1SO VG46 >41.4 >4.1 >90 -6 220 - - -
I1SO VG68 >61.4 >4.1 >198 -6 226 - -
1SO VG100 >90.0 >4.1 >216 -6 246 1640.26 - -
Paran VG45 95 10 102 = = = = =
Paran VG460 461 31 97 - - - - -
R150 150 = = = 195 931.16 = =
SAE20W40 105 13.9 132 21 200 - 0.117 0.549
AG100 216 19.6 103 -18 244 - - -
75W-90 120 15.9 140 -48 205 - - -
75W-140 175 24.7 174 —54 228 - - -
80W-140 310 31.2 139 -36 210 - - -
Castor oll 220.6 19.72 220 27 250 - - -
Coconut oil 24.8 5.5 169 21 325 - 0.101 0.601
Cottonseed oil 33.86 7.75 211 = 252 = =
Jatropha oil 35.4 7.9 205 -6 186 5 - -
Lesquerella oil 119.8 14.7 125 -21 - - 0.045 0.857
Moringa oil 44.9 - - - 204 28.27 - -
Palm oil 52.4 10.2 186 -5 - - - -
Passion fruit oil 31.78 - - - 228 7.5 - -
Pennycress oil 40.0 9.3 226 =21 - - 0.054 0.769
Olive oil 39.62 8.24 190 -3 318 - - -
Rapeseed oil 45.60 10.07 180 -12 252 - - -
Rice bran oil 40.6 8.7 169 -13 318 - 0.073 0.585
Sesame oil 27.33 6.3 193 -5 316 = = =
Soybean oil 28.86 7.55 246 -9 325 - - -
Sunflower oil 40.05 8.65 206 -12 252 = = =

! Viscosity index: (<35) low, (35—-80) medium, (80-110) high, (>110) very high.
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cal modification or additives. The inherent unsaturation found
in plant oils makes them perform poorly in extreme tempera-
ture conditions, so chemical modification, such as epoxidation
of the double bonds, has been used to overcome this. Epoxides
are generated by forming a peroxy acid and then reacting the
peroxy acid with the carbon-carbon double bond. The epoxi-
dation has been shown to increase resistance to heat in veg-
etable oil-based polymer PVC plasticizers/additives, allowing
for high-temperature applications [3]. Further esterification

of the epoxides by a ring-opening reaction using fatty acids
and p-toluenesulfonic acid (PTSA) has been shown to improve
low-temperature activity due to long mid-chain esters disrupt-
ing macrocrystallization at low temperatures. Some fatty acids
used in this reaction include octanoic, non-anoic, lauric, and
myristic acids.

Transesterification has also been used to synthesize bio-
degradable organic polyesters using plant oils and molecules
such as trimethylolpropane (TMP) and pentaerythritol (PE).
Biodegradable TMP was formed from rapeseed oil fatty acids
using sodium methylate as a catalyst. Transesterification of
TMP with esters from palm oil was done using sodium methox-
ide as a catalyst. Polyesters made from PE and erucic acid were
formed using p-PTSA in xylenes as a catalyst. All these polyes-
ters have displayed improved low-temperature properties and
oxidative stabilities [4].

Various antioxidants have been used as additives, but
more research is needed to find antioxidants with lower toxic-
ity. Antioxidants, such as vitamin C, vitamin E, esters from gal-
lic acid, and derivatives of citric acid, are all naturally occurring
and can serve as possible replacements to more toxic antiox-
idants, but more investigation is needed on the effectiveness
of these replacements [4]. Other additives, such as plant-de-
rived cysteine Schiff base esters, have shown excellent anticor-
rosion, antiwear, and antifriction properties, while non-toxic
inorganic nanoparticle additives, such as ZnO and CuO, pro-
vide similar benefits in regards to antiwear and friction per-
formance and are already used in many petroleum based
lubricant formulations [13].

Regarding the commercial application of bio-lubricants,
many current advancements have attempted to bridge
the wide gap between the bio-lubricants and mineral oils.

An American company named Novvi LLC has developed

a cycloalkane base oil using lignocellulose derived from
sugar cane that is completely renewable and meets the H1
certification from the NSF [1]. Biomass-based lubricants
made from the condensation of ketones were synthesized
that have good pour points, but they still need improvement
with respect to the viscosity index values [14]. Researchers
at the Catalysis Center for Energy Innovation (CCEI) at the
University of Delaware have synthesized renewable base
oils from biomass and natural oils that have specialized
functional groups and molecular architectures. Their pour
points and viscosity indices are comparable to commercially
available base oils, but their extent of biodegradation needs
to be analyzed [15]. A recent collaboration between Neste
and AT-Tuote claims to have the world’s first 100% bio-based
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MORE RESEARCH NEEDS TO

BE DONE TO DETERMINE THE
ACTUAL BIODEGRADABILITY OF
NEW RENEWABLE BASE OILS
AND THE COST-EFFECTIVENESS
OF THE CURRENTLY KNOWN
CHEMICAL MODIFICATIONS.

industrial lubricant. The lubricant uses Neste’s MY Renewable
Isoalkane™ as a key component and can comply with the
OECD 31 test for biodegradability [16]. Similar commercial
investments will only continue to grow as bio-lubricants
improve in performance and research and development and
environmental regulations grow stricter.

MORE RESEARCH NEEDED

Significant progress has been made with regard to the perfor-
mance and commercial investment of bio-lubricants. Although
petroleum-based lubricants are still preferred for low-tem-
perature performance and oxidative stability, numerous meth-
ods have been explored and developed to allow bio-lubricants

to compete with them. Chemical modification of plant oil-de-
rived fatty acids by saturating the carbon-carbon double bonds
through epoxidation and esterification has shown to be effec-
tive in the improvement of extreme temperature properties
and oxidative stabilities of bio-lubricants. Possible replace-
ments for antioxidant additives used in bio-lubricants that are
more natural and less toxic have been proposed, which can
preserve the enhancement of oxidative stability. More focus
has also been placed on renewable sources of base oils, and
this has brought base oils made from sugar cane and other
types of biomass.

For the future, more research needs to be done to deter-
mine the actual biodegradability of new renewable base oils
and the cost-effectiveness of the currently known chemical
modifications. There is also much consideration regarding the
use of bio-lubricants in the automotive industry, but for this to
move forward, further studies on the tribological performance
of bio-lubricants need to be completed [5]. While the greater
financial cost of bio-lubricants is a concern, newer bio-lubri-
cant formulations will be safe to use in industries with many
environmental regulations and can be applied to total-loss sys-
tems without harming the environment. Continued commer-
cial investment and advances in bio-lubricant performance and
lower-cost synthesis methods will enable wider bio-lubricant
applications and contribute to a more sustainable and clean
future.
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Is herd immunity possible
without a vaccine? Probably not.

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

Rebecca Guenard

Every fall, as the weather cools and we pull out our sweaters, we also begin dreading the thought
of cold and flu season. By January—after greeting treat-or-treaters, gathering with family for
Thanksgiving, attending holiday parties, and taking part in all the other end-of-year festivities— we

have usually already caught a cold.

*= not immunized, @f&f immunized *= not immunized,
but still healthy and healthy sick, and contagious
7Y No one
is immunized.

A Ak
o Amfﬁ w’*‘*
e

*k
I@@} ik
el 1 N
irohcome M}*ﬁﬂ A
§ oorve ) Rafl Sl
immunized. %}mﬁ i}m@@

Spread of @@ﬁ @

oo @@%@m

VAR
iyt (f"Dj)

contained.

FIG. 1. Top—A community outbreak with few people infected (red),
and the rest healthy but unimmunized (blue); the illness spreads
freely through the population. Middle—a population where a
small number have been immunized (yellow); those not immunized
become infected. Bottom—a large proportion of the population
have been immunized; this prevents the illness from spreading
significantly, including to unimmunized people. source: Tkarcher.

In a recent Nature article, Caroline Buckee, an epidemiol-
ogist at Harvard T.H. Chan School of Public Health in Boston,
Massachusetts, USA, explained the reason colds and flus return
every winter (https://tinyurl.com/heardimmunitynature).
Seasonal coronaviruses that cause common colds provoke
a waning immunity that seems to last approximately a year,
Buckee told the journal. “It seems reasonable as a hypothesis
to assume this one will be similar,” she said. By “this one,” she
is of course referring to the novel coronavirus, or COVID-19.

As the pandemic drags past its twelfth month, there is
a growing assertion that the more people who contract the
virus, the faster it will be extinguished by mass immunity.
However, no scientific evidence supports that theory. The only
way to achieve mass immunity to COVID-19 is mostly likely
through vaccination.

In the early 2000s, the first highly pathogenic, deadly
coronavirus swept around the world. Researchers desig-
nated it SARS-CoV, which stands for Sever Acute Respiratory
Syndrome. Ten years later, the more deadly MERS-CoV
emerged. Each of these viruses were identified as having the
ability to cross from animal to human. Both also have the same
spiked membrane with single-stranded RNA tucked inside that
can replicate quickly in their host’s cells. With the arrival of
SARS-CoV-2 (also called COVID-19), researchers are realizing
that, despite similarities, each new virus emerges and spreads
differently.

The novel coronavirus has been spreading around the
world for more than a year now, yet so much is still unknown.
We do know that the virus is highly infectious and spreads
through contact with aerosol droplets. We also know the
virus thrives in cold, dry air with limited sunlight. As winter
sets in, and these ambient conditions become routine, epi-
demiologists predict that the rate of infection will increase.
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Unlike many government officials and some researchers
who tout herd-immunity, they are concerned this will have a
deadly outcome.

The herd-immunity concept is based on an idea typically
associated with vaccinations. A population with a large num-
ber of vaccinated people protect those who cannot receive a
vaccine—such as someone with a compromised immune sys-
tem—by reducing the chance that they will come into contact
with the virus.

The concept should not be applied to the novel coro-
navirus, at least not yet. The general population is assuming
COVID-19 acts like the chicken pox or measles whose anti-
bodies induce a lifelong immunity. However, more research is
needed to determine how long someone’s immunity lasts after
they have contracted COVID-19.

A man in Hong Kong recently reported contracting the
virus a second time nine months after the initial outbreak
in Wuhan, China. Another individual in Nevada, USA, also
reported reinfection (https://tinyurl.com/naturereinfection).
The two cases showed widely varying immune responses. In
the first case, the person was asymptomatic when reinfected.
In the second, the symptoms were worse the second time
around.

These results trouble epidemiologists. Either the immune
system recognizes the virus a second time and neutralizes it,
or a revisit by the virus sends the immune system into over-
drive again and it attacks tissue and organs. As is common with
COVID-19, there are still many questions. “If the people who
are infected become susceptible again in a year, then basically
you will never reach herd immunity” through natural transmis-
sion, Caitlin Rivers, an epidemiologist at the Johns Hopkins, in
Baltimore, Maryland, USA, told Nature.

Studies on the duration of COVID-19 antibodies seem to
indicate that the yearly infection Rivers describes is likely. In
a recent study, conducted by researchers at Massachusetts
General Hospital in Boston, the blood of 343 individuals known
to have had a SARS-CoV-2 infection was analyzed for antibod-
ies (https: doi.org/10.1126/sciimmunol.abe0367). The goal was
to determine the persistence and decay of antibody responses
following infection. The study lasted for 122 days and found
that at 90 days only three of the participates showed anti-
body decay. The authors of the study conclude that immu-
nization from natural transmission lasts about five months.
Similar findings have been reached in other experiments,
though this research was conducted on individuals with severe
cases. Studies on individuals with mild or asymptomatic cases
show that their antibodies decay more rapidly (https: doi.
org/10.1056/NEJMc2025179).

These results are too new to influence policy on deal-
ing with SARS-CoV-2 should the virus be a yearly occurrence.
The novel coronavirus has not been in existence long enough
for a critical mass of research to have accumulated. By the
same reasoning, there has not been enough time to assume
herd-immunity can be achieved if more people are exposed
to the virus. The growing evidence actually indicates the
opposite.
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and comparison of severe acute respiratory
infections caused by three highly pathogenic human
coronaviruses, Zhu, Z., et al., Respir. Re.s 21: 224,
2020.

Scientific consensus on the COVID-19 pandemic: We
need to act now, Alwan, N.A., et al., October 15, 2020.

Orthogonal SARS-CoV-2 serological assays enable
surveillance of low prevalence communities and
reveal durable humoral immunity, Ripperger, T.J., et
al., Immunity, October 13, 2020.

Persistence and decay of human antibody responses
to the receptor binding domain of SARS-CoV-2 spike
protein in COVID-19 patients, lyer, A.S., et al., Science
Immunology 5: 52, 2020.

To counter a growing belief in herd-immunity among the
general public and government entities, a group of scientists
published a memorandum in The Lancet (https://tinyurl.com/
y65hjv5l). They called the hope for herd-immunity a “danger-
ous fallacy unsupported by scientific evidence.”

As of press time, COVID-19 had claimed 1.48 million lives
globally. Early data indicated that vaccines being developed by
Pfizer and Moderna were more than 90% effective, and both
companies applied for emergency use authorization from the
US Food and Drug Administration. Vaccination of health care
workers and at-risk populations may already be underway by
the time this issue is published. But much testing remains to
be done, and experts say that even after a COVID-19 vaccine is
found to be effective it could still take a year to reach the gen-
eral public.

The odds of dying from COVID-19 are still higher than the
flu, but healthcare workers have learned how to treat the virus
more affectively since the pandemic started. The chance of
dying from COVID-19 are lower this January than they were
last year. But a year of relentless cases is straining the health-
care system.

If the public assumes that contracting the virus means
long-term immunity and discontinues precautions, our health-
care systems would be compromised. Washing hands, main-
taining social distancing, and wearing a mask are the easiest
ways to limit the spread of the novel coronavirus. It is not
going away anytime soon. It shares many of the biological
traits of the common cold, and like the common cold we are
destined to face it yearly—until we have a vaccine.

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

EU adopts Green Deal
chemicals strategy

The European Commission has adopted a new EU Chemicals Strategy for Sustainability. The Strat-
egy, which was adopted on October 14, 2021, is the first step toward a zero-pollution ambition for
a toxic-free environment announced in the European Green Deal. According to an EU Commission
press release, the Strategy will boost innovation for safe and sustainable chemicals, and increase
protection of human health and the environment against hazardous chemicals. This includes pro-
hibiting the use of the most harmful chemicals in consumer products such as toys, childcare arti-
cles, cosmetics, detergents, food contact materials, and textiles, unless proven essential for society,
and ensuring that all chemicals are used more safely and sustainably.

The Strategy sets out concrete actions to make chemi-
cals safe and sustainable by design and ensure that the most
harmful chemicals for human health and the environment are
avoided for “non-essential societal use,” which includes use in
consumer products.

INCREASING PROTECTION OF
HEALTH AND THE ENVIRONMENT

Flagship initiatives include:

¢ Phasing out from consumer products, such as toys,
childcare articles, cosmetics, detergents, food contact
materials, and textiles, the most harmful substances,
which include among others endocrine disruptors,
chemicals that affect the immune and respiratory sys-
tems, and persistent substances such as per- and poly-
fluoroalkyl substances (PFAS), unless their use is proven
essential for society;

¢ Minimizing and substituting as far as possible the pres-
ence of substances of concern in all products. Priority
will be given to those product categories that affect vul-
nerable populations and those with the highest poten-
tial for circular economy;

¢ Addressing the combination effect of chemicals (cocktail
effect) by taking better account of the risk that is posed
to human health and the environment by daily exposure
to a wide mix of chemicals from different sources; and

¢ Ensuring that producers and consumers have access to
information on chemical content and safe use, by intro-
ducing information requirements in the context of the
Sustainable Product Policy Initiative.

BOOSTING INNOVATION AND
PROMOTING EU’S COMPETITIVENESS

In 2018, Europe was the second biggest producer of chem-
icals (accounting for 16.9% of sales). Chemical manufactur-

ing is the fourth largest industry in the EU, directly employing
approximately 1.2 million people. 59% of chemicals produced
are directly supplied to other sectors, including health, con-
struction, automotive, electronics, and textiles. Global chemi-
cals production is expected to double by 2030, and the already
widespread use of chemicals is likely to also increase, including
in consumer products.

The Strategy envisages the EU industry as a globally com-
petitive player in the production and use of safe and sustain-
able chemicals. As far as possible, new chemicals and materials
must be safe and sustainable by design, i.e., from produc-
tion to end of life. The actions announced in the Strategy are
intended to support industrial innovation so that such chem-
icals become the norm on the EU market and a benchmark
worldwide by:

¢ Developing safe-and-sustainable-by-design criteria and

ensuring financial support for the commercialization
and uptake of safe and sustainable chemicals;

¢ Ensuring the development and uptake of safe and sus-

tainable-by-design substances, materials, and products
through EU funding and investment instruments and
public-private partnerships;

e Considerably stepping up enforcement of EU rules both

at the borders and in the single market;

e Putting in place an EU research and innovation agenda

for chemicals, to fill knowledge gaps on the impact of



chemicals, promote innovation, and move away from
animal testing; and
¢ Simplifying and consolidating the EU legal frame-
work—e.g., by introducing the “One substance one
assessment” process, strengthening the principles of
“no data, no market,” and introducing targeted amend-
ments to REACH and sectorial legislation, to name a
few.
Commissioner for Health and Food Safety
Stella Kyriakides said: “Our health should always come first.
That is exactly what we have ensured in a Commission
flagship initiative such as the Chemical Strategy. Chemicals are
essential for our society and they must be safe and sustainably
produced. But we need to be protected from the harmful
chemicals around us. This Strategy shows our high level of
commitment and our determination to protect the health of
citizens, across the EU.”

REACTION FROM INDUSTRY

During a Chemical Watch conference which coincided with the
publication of the strategy, Cefic product stewardship direc-
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tor, Sylvie Lemoine, said “one of the first things we should do
is define ‘sustainable by design,”” adding that a definition is
important because “my sustainability could be very different
to your sustainability.”

Many high-level discussions have taken place recently
on the definition of “essential use.” In the strategy, the
Commission pledges to “define criteria for essential uses to
ensure that the most harmful chemicals are only allowed if
their use is necessary for health, safety or is critical for the
functioning of society and if there are no alternatives that are
acceptable from the standpoint of environment and health.
These criteria will guide the application of essential uses in
all relevant EU legislation for both generic and specific risk
assessments.”

As the Communication about the new Strategy is not
a legislative proposal, it will not be subject to scrutiny by
the European Parliament or the Council of Ministers. The
Commission will make legislative and non-legislative proposals
to implement the strategy, which are due to be presented next
year, and will be carried out within the framework of existing
legislation.
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MEMBER SPOTLIGHT

Meet Matt Miller

Member Spotlight is a slice of life that helps AOCS members
get to know each other on a more personal level.
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Matt Miller and son George heading off into the New Zealand bush

PROFESSIONAL

What’s a typical day like for you?

| spend the majority of my time now writing and spend less
time in the lab. Reports, proposals, papers, annual reviews,
Zane Grey fan fiction—only kidding. For me, communica-

tion and collaboration have become very important because

I work in a very dynamic space in a small team. Cawthron is
an accredited commercial testing facility and we also conduct
novel fundamental research. | run large multiyear, multi-pro-
vider nutritional/biotechnology research projects at the same
time as | develop validated analytical methods for industry.

My favorite part of my job is...

Discovery. | love it when a plan comes together, as well as
that moment, however short it is, that it all makes sense. We
develop novel methods for new matrices and there is a lot of
walking—well, stumbling around—in the dark. Then a light

bulb goes off, everything is illuminated, and it all makes sense...

well, until the next lot of data comes in.

Flash back to when you were 10 years old. What did you want
to be when you grew up?

At 10, | would have wanted to play Australian rules football for
the Melbourne Demons or cricket for Australia. After | finished
honors in chemistry (but not as a 10 year old—I’'m no child
prodigy), | travelled the world for four years, trying to figure
out what | wanted to do...and, more importantly, what I didn’t
want to do. | have always liked problem solving, and science
was a way | could do that.

Fast facts

Name Matt Miller

joinedAOCS 2004
Education Ph.D. from University of Tasmania
jobtite Researchscientist
Employer Cawthron Institute, Nelson, New

Zealand

CurrentAOCS  President of the Australasian
involvement Section and vice chair of the Health

and Nutrition Division

Why did you decide to do the work you are doing now?

About eight years ago | was really struggling to figure out
what | wanted to do. In New Zealand we have a unique marine
bivalve (Greenshell Mussels or Perna canaliculus) that has
shown some really interesting nutritional results around
inflammation and mobility. | decided | wanted to explore this
further and help shape the industry into higher-value spaces. It
is very challenging work but recently we are gaining some real
insight and hope that through the three human clinical trials
we are conducting we can elucidate the efficacy of eating this
novel omega-3/unique lipid source.

Is there an achievement or contribution of which you are most
proud? Why?

Throughout the work on my Ph.D. | was looking at alternative
sources of lipid for salmon aquaculture. | looked at sources,
including SDA-rich plant oils and DHA-rich microalgal oils. | fur-
ther explored the biosynthetic capability of Atlantic salmon to
produce long-chain omega-3 fatty acids. | hope this research
will add to the greater scientific knowledge that will lead to
more environmentally sound practices in aquaculture and
more sustainable feeds while retaining salmon/cultured fish as
a great source of EPA and DHA.

PERSONAL

How do you relax after a hard day of work?

In an ideal world | would love to spend my weekends up the
rivers of New Zealand fly fishing or on my sea kayak target-

ing large snapper. | have a drum kit that has been dusted off
during COVID lockdown. But mostly | chase my 4- and 6-year
olds (Hazel and George) around while playing LEGOs or ponies.
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Vegetable oil extraction improvement

Kellens, M, et al., Desmet Ballestra Engineering, US20200512,
May 12,2020

The present invention relates to an apparatus and a process
for subjecting oleaginous vegetable material to a continuous pre-
pressing for extracting at least part of the oil contained in said ole-
aginous vegetable material and producing a cake comprising an at
least partially de-oiled oleaginous vegetable material. The appara-
tus comprises a mechanical prepress for mechanically compressing
said oleaginous vegetable material, wherein the prepress is provided
with a cake discharge for discharging the cake to a cooler. The
cooler comprising means for subjecting the cake to a downward
movement, and means for supplying a coolant gas, preferably air, in
a counter-current flow to the downward movement of the cake with
the purpose of cooling the cake.

Composition containing highly
unsaturated fatty acid or alkyl ester
thereof and a method for producing

the same

Doisaki, N., et al., Nippon Suisan Kaisha, Ltd., US10696924,
June 30,2020

To provide a composition comprising highly enriched PUFA
or its alkyl esters while containing fatty acid esters of 3-MCPD at
adequately low concentrations and to provide an efficient method
for producing the composition. A composition that contains fatty
acids or fatty acid alkyl esters as its major component, the composi-
tion containing highly unsaturated fatty acid or alkyl ester thereof,
wherein the proportion of the highly unsaturated fatty acid in the
constituent fatty acids of the composition is 50 area % or more and
wherein the concentration of 3-MCPD as found upon analyzing the
composition by American Oil Chemists’ Society official method
Cd 29b-13 assay Aisless than 1.80 ppm.

Method of refining a grain oll
composition to make one or more
grain oil products, and related

systems

Lamprecht, B., et al., Poet Research, Inc., US10711221, July 14,
2020

The present disclosure is related to refining one or more grain
oil composition streams (e.g., distillers corn oil or syrup) in a biore-
finery to provide one or more refined grain oil products, where each
grain oil product has targeted amounts of a free fatty acid compo-
nent and the fatty acid alkyl ester component.
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Lipid extraction processes

Home, N, et al., Aker Biomarine Antarctic AS, US10704011, July 7,
2020

The present invention provides improved processes for extract-
ing and preparing lipids from biological sources for use in pharma-
ceuticals, nutraceuticals, and functional foods.
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Storage-stable enzyme granule

Hede, P,, et al., Novozymes A/S, US10711262, July 14,2020

The storage stability of enzyme granules for detergents can be
improved by incorporating a polyamine having a molecule with at
least 10% w/w of nitrogen wherein at least 50% of the N atoms are
present as amines.

Rubber composition for tire

tread, method for producing the
composition, and tire manufactured
using the composition

Lee, S. K., et al., Hankook Tire Co., Ltd., US10711122, July 14,2020

Provided are a rubber composition for a tire tread having
improved braking performance, abrasion performance, and anti-aging
performance, and a tire manufactured using this rubber composition.
Disclosed is a rubber composition for a tire tread, the composition
including 100 parts by weight of raw material rubber, 60 to 130 parts
by weight of a reinforcing filler, and 10 to 60 parts by weight of modi-
fied natural oil, wherein the modified natural oil includes 50% to 90%
by weight of a first natural oil; and 10% to 50% by weight of a second
natural oil having a weight average molecular weight thatis 2 to 10
times the weight average molecular weight of the first natural oil, with
respect to the total weight of the modified natural oil.

Increasing the bioavailability of flavan-
3-ols by polyphenols

Actis Goretta, L., et al., Nestec S.A., US10722584, July 28,2020

The present invention relates generally to the field of flavan-3-
ols. In particular, the present invention provides a way to increase
the bioavailability of flavan-3-ols. Embodiments of the present
invention relate to the use of at least one polyphenolic compound in
a composition comprising at least one flavan-3-ol for increasing the
bioavailability of said flavan-3-ol, wherein the at least one polyphe-
nolic compound is selected from a group consisting of flavonols, fla-
vones, isoflavones, flavanones, or combinations thereof.

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.




The AOCS Foundation gratefully acknowledges

the following Century Club members!

N

CENTURY CLUB
Emerald

$1000+

Brian Nutter

\

CENTURY CLUB
Sapphire

$400

Douglas Bibus

N

CENTURY CLUB
Ruby

$200

Gregory Hatfield
Douglas Hayes

William Hendrix Clifford Hall Steven Hil
Timothy Kemper Michael Maibach
- Mark Matlock
Phllllp Kerr Thomas McKeon
Penny Oil-Dri Corp of America

Kris-Etherton
Hongkong Lin
Deland Myers

Anthony O’Lenick
Perry Videx LLC
Anders Thomsen
Jill Winkler-Moser
Masaki Tsumadori

Archer Daniels Midland Yasushi Endo Dave McCall
Co Evonik Corp - Household Robert Moreau
Bioriginal Food & Care

Kuwano Noriyuki
Mark Nugent
Renato Ramos
James Smith

Science Corp
Michael Boyer

‘\ Morgan Brown

Fuji Vegetable Oil Inc
Lucky Inturrisi
ITS Testing Services (M)

Dario Cabezas Sdn Bhd ]
Dennis Strayer
ENTURY i i
C CLUUB Cald!c Canada Inc Dawc! Johnson Thanakorn Vegetable Oil
Mike Clayton Elaine Krul

Prods Co Ltd
Xin (Cindy) Tian
Bhima Vijayendran
Wilmar International Ltd
Michael Woolsey
Xiaoqing Yang
Jennifer Young

Colonial Chemical Inc
Complejo Agroindustrial

$-1 OO A tura SA

AAK Croll Reynolds Co Inc
Alfa Laval Inc Lorin De Bonte

Rotimi Aluko DuPont Nutrition &
Yasuhiro Ando Health

Kuala Lumpur Kepong
hd

Liberty Vegetable Oil Co
Keshun Liu
Fung Sieng Lu
Edmund Lusas

Donations made between January 1, 2020, and November 3, 2020.

T Nank oy

Your support enables the AOCS Foundation to fund the
development of new products and services for AOCS.

For the complete list of
Century Club members, visit
aocsfoundation.org/CenturyClub.

www.aocsfoundation.org | patrick.donnelly@aocs.org | +1217-693-4838

.‘ A



AOCS JOURNALS

40 « INFORM January 2021, Vol. 32 (1)

The best way to improve peer
review: Be a reviewer.,

In November 2018, The New York Times ran an article with the
title, “Peer review: the worst way to judge research, except for
all the others.”

The process by which scientific results are vetted by aca-
demic peers has its flaws, but it remains the central pillar of
trust for researchers. 84% of researchers believe that with-
out peer review there would be no control in scientific com-
munication, and 9 out of 10 researchers feel that peer review
improves the quality of their published paper.

Efforts to make peer review more open and transparent;
less subjective; easier and faster; and more reliable, consistent,
and inclusive are ongoing. But, ultimately, the success of those
efforts rests on increasing the number and diversity of quali-
fied reviewers. As a result, more students and professors are
volunteering as reviewers.

Getting involved in the peer review process can be a highly
rewarding experience that can also improve your own research
and help to further your career, but how do you know if you
are qualified to review an article?

WHO CAN REVIEW

Anyone who is an expert in the article’s research field can
serve as a reviewer. All a potential reviewer needs is enough
knowledge in a specific area to evaluate the manuscript and
provide constructive criticism to editors and authors. A good
reviewer can be at any stage of his or her career.
Occasionally, an editor might ask a reviewer to look at a
specific aspect of an article, even if the overall topic is outside
of the reviewer’s specialist knowledge. In that case, the editor
should outline just what it is they would like you to assess.

AOCS MEETING WATCH

May 3-14, 2021. AOCS Annual Meeting & Expo,
annualmeeting.aocs.org.

October 5-7, 2021. Plant Protein Science and Technology
Forum, Millennium Knickerbocker, Chicago, lllinois, USA.

May 1-4, 2022. AOCS Annual Meeting & Expo, Hyatt

Regency Atlanta, Atlanta, Georgia, USA.

April 30—May 3, 2023. AOCS Annual Meeting & Expo,
Colorado Convention Center, Denver, Colorado, USA.

For in-depth details on these and other upcoming
meetings, visit http://aocs.org/meetings or contact the
AOCS Meetings Department (email: meetings@aocs.org;
phone: +1 217-693-4831).

HOW DO YOU BECOME A REVIEWER?

There is no one way to become a reviewer, but there are some
common routes. These include:
¢ asking a colleague who already reviews for a journal to
recommend you;
¢ networking with editors at professional conferences;
* becoming a member of a learned society and then net-
working with other members in your area;
e contacting journals directly to inquire if they are seeking
new reviewers;
¢ seeking mentorship from senior colleagues; and
e working for senior researchers who may then delegate
peer review duties to you.

TIPS FOR NEW REVIEWERS

When you are invited to review an article, the editor should
send you a copy of the abstract to help you decide whether
you wish to do the review. Try to respond to invitations
promptly; it will prevent delays. It is also important at this
stage to declare any potential Conflict of Interest.

If you are new to peer review and feeling unsure of your-
self, don’t worry. Confidence will come with experience—but
how do you get the right kind of experience?

One way is to seek guidance from more experienced col-
leagues. Gaining the support of an experienced mentor and
familiarizing yourself with the process of peer review should
help you build your confidence and track record.

You can also find many helpful tips and recommended
best practices on the internet. Wiley, the publisher of AOCS
Journals, offers a step-by-step guide to reviewing a manuscript
at https://tinyurl.com/qkffhér, and the Wiley Author Learning
and Training Channel features expert advice on a broad range
of publishing topics at https://tinyurl.com/yxoddpgd.

If you're just starting out as a reviewer, don’t be deterred.
Journal editors are often looking to expand their pool of
reviewers, which means there will be a demand for your par-
ticular area of expertise.

Finally, keep in mind that reviewing is more than rejecting
or accepting a manuscript. Good reviews should be a dialogue
between author and reviewer that improves the integrity
and scientific merit of the paper. Toward that end, reviewers
may suggest additional experiments that authors have over-
looked, or challenge the interpretation of data. That takes
time—sometimes as much as a full day per paper. Shortcuts
can result in the loss of scientific rigor and create cracks in the
pillar of trust that authors and other scientists depend upon,
causing reviewers to miss one of the most satisfying aspects of
reviewing.
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Make your plans to attend the 2021 AOCS Annual Meeting & Expo, a preeminent scientific event and an
indispensable resource for comprehensive technical content and up-to-date industry information. Join AOCS
members and colleagues from around the globe this May to discover the latest research and innovations in
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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.
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Review Articles

D The potential of genome editing
for improving seed oil content and

fatty acid composition in oilseed crops

Subedi, U, et al., Lipids 55: 495-512, 2020,
https://doi.org/10.1002/lipd.12249.

A continuous rise in demand for vegetable oils, which com-
prise mainly the storage lipid triacylglycerol, is fueling a surge
in research efforts to increase seed oil content and improve
fatty acid composition in oilseed crops. Progress in this area has
been achieved using both conventional breeding and transgenic
approaches to date. However, further advancements using tra-
ditional breeding methods will be complicated by the polyploid
nature of many oilseed crops and associated time constraints, while
public perception and the prohibitive cost of regulatory processes
hinders the commercialization of transgenic oilseed crops. As such,
genome editing using CRISPR/Cas is emerging as a breakthrough
breeding tool that could provide a platform to keep pace with esca-
lating demand while potentially minimizing regulatory burden.
In this review, we discuss the technology itself and progress that
has been made thus far with respect to its use in oilseed crops to
improve seed oil content and quality. Furthermore, we examine a
number of genes that may provide ideal targets for genome editing
in this context, as well as new CRISPR-related tools that have the
potential to be applied to oilseed plants and may allow additional
gains to be made in the future.
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GE0 Polyphenols and their
applications: an approach in food

chemistry and innovation potential

Fernandes de Araujo, F., et al., Food Chem. 338: 127535, 2021,
https://doi.org/10.1016/j.foodchem.2020.127535.

Polyphenols are compounds naturally present in fruits and
vegetables that are gaining more and more attention due to their
therapeutic effects and their potential technological applications. In
this review, we intend to demonstrate the importance of some phe-
nolic compounds, addressing their biological effects and potential
for applications in various industrial fields. The intake of these com-
pounds in appropriate concentrations can present promising effects
in the prevention of diseases such as diabetes, obesity, Parkinson’s,
Alzheimer’s, and others. They can also be used to improve the phys-
icochemical properties of starch, in the preservation of foods, as
natural dyes, prebiotic ingredients, hydrogels, and nanocomplexes.
In addition, these compounds have potential for innovation in the
most diverse technological fields, including organic fine chemistry,
basic materials chemistry, pharmaceuticals, food chemistry, chemi-
cal engineering, among others.

) Microencapsulation of natural
dyes with biopolymers for application

in food: a review

Ribeiro, J.S. and C.M.Veloso, Food Hydrocoll. 112: 106374,2021,
https://doi.org/10.1016/j.foodhyd.2020.106374.
Microencapsulation is a technique increasingly studied in
food science aimed to increase stability and control the release
of aromas, dyes, antioxidants, nutrients, enzymes, preservatives,
and microorganisms. The most commonly used wall materials
include hydrocolloids, proteins, starches, dextrins, lipids, various
emulsifiers, and fibers, alone or associated with other compounds.
Encapsulation techniques are diverse, and the choice of the most
appropriate technique depends on the material to be encapsulated,
the purpose of use, and the availability of equipment. In the case of
the core material, several studies have focused on the encapsulation
of natural dyes, due to the increasing market demand for this type
of food additive. This review focuses on the microencapsulation of
natural food dyes, presenting the main encapsulated compounds
and wall materials, as well as the techniques used for this purpose.

Original Articles

an Novel cocoa butter equivalent

from microalgal butters

Ghazani, S.M. and A.G. Marangoni, J. Am. Oil Chem.” Soc. 97:
1095-1104, 2020, https://doi.org/10.1002/aocs.12408.

An acetone solvent fractionation procedure was used to obtain
two algal butter fractions, an algal stearin containing high amounts
of 1,3-stearoyl-2-oleoyl-glycerol (SOS), and an algal mid-frac-
tion containing high amounts of 1,3-dipalmitoyl-2-oleoyl-glyc-
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online format allowed me to access
more presentations than ever before.
| can now broaden my knowledge by
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erol (POP), and 1-palmitoyl-2-oleoyl, 3-stearoyl-glycerol (POS).
Algal stearin and algal mid-fraction were blended (1:9 w/w) to
yield a potential cocoa butter equivalent (CBE). The amount of
POP, POS, and SOS, in algal CBE was 15.8%, 32.0%, and 24.6%,
respectively, compared to 15.4%, 38.8%, and 27.7% in Cocoa but-
ter (CB). However, a higher amount of POO and SOO in the algal
CBE caused a lower solid fat content at all temperatures compared
to CB. This study demonstrates the potential for producing a new
algal CBE using solvent fractionation and blending techniques that
can be used in chocolate and other confectionery products.

Potential effect of
cavitation on the physical properties
of interesterified soybean oil using
high-intensity ultrasound: a long-term
storage study

Lee, J., etal., J. Am. Oil Chem.’ Soc. 97: 11051117, 2020,
https://doi.org/10.1002/aocs.12414.

The objective of this research was to evaluate if cavitation
events generated during sonication (20kHz, 216 micrometer
amplitude, 10 s) are responsible for changes in physical proper-
ties of a fat with low levels of saturated fatty acids, and if these
changes are maintained during storage. The fat was crystallized
at 24 and 34°C and stored at 25°C for up to 24 weeks. An increase
in solid fat content and melting enthalpy was observed for soni-
cated samples crystallized at 34°C, and an increase in elasticity
was observed for sonicated samples crystallized at 24°C (P <0.05).
Hardness increased in sonicated samples crystallized at 24 and
34°C (P <0.05) after 60 min of crystallization and after 24 weeks
of storage. Elasticity of non-sonicated samples crystallized at
24°C decreased (P <0.05) after storage at 25°C for 48 h, while it
remained constant in sonicated samples. Sonicated samples had
more and smaller crystals compared to the non-sonicated ones.

No significant change was observed in physical properties of soni-
cated samples crystallized at 24°C and 34°C during the 24 weeks of
storage. Sonication at 24°C was less efficient at changing the phys-
ical properties of the fat compared to 34°C; however, the number
of subharmonic components generated during sonication at these
two temperatures was not affected by crystallization temperature.
These results suggest that changes in physical properties are associ-
ated with secondary effects of sonication, such as bubble streamers,
rather than changes in cluster dynamics.

3 The friction and wear
behaviors of vegetable oil-based
waxes, natural beeswax, and

petroleum paraffin wax

Tao Fei, et al., ]. Am. Oil Chem.” Soc. 97: Pages 1141-1150, 2020,
https://doi.org/10.1002/a0cs.12398.

Quantitative analyses on the coefficient of friction of common
coating waxes are necessary and essential for designing systems for
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coating, conveying, packaging operations, transporting, and stor-
ing of papers and paperboards, while analyses on wear behavior can
be helpful for predicting performance durability of the coating sur-
face. In this study, we investigated the friction and wear behaviors
of six waxes, including four commercial waxes and two soybean
oil-based wax developed in our lab, for bulk corrugated coating.
The effect of normal load, sliding velocity, and environmental tem-
perature was evaluated. The friction coefficient of different waxes
varies with sliding conditions. Higher normal load, sliding velocity,
and environmental temperature resulted in significantly greater
wear loss. Crystalline morphology and crystallinity of waxes were
affected by the environmental temperature, and they correlate to
the variations in friction coefficient and wear loss of these materials.

Generation and characterization
of a soybean line with a Vernonia
galamensis Diacylglycerol
acyltransferase-1 gene and a
myo-inositol 1-phosphate synthase

knockout mutation

AL-Amery, M, et al., Lipids 55: 469-477,2020,
https://doi.org/10.1002/lipd.12253.

Soybean (Glycine max) mealis an important protein source.
Soybean meal with lower phytate and oligosaccharides improves
meal quality. A single recessive mutation in soybean myo-inositol
1-phosphate synthase (Gm-lpa-TW75-1) confers a seed phenotype
with low phytate and increased inorganic phosphate. The mutant
was crossed with high oil lines expressing a diacylglycerol acyl-
transferasel (DGAT) gene from Vernonia galamensis (VgD). Gm-
lpa-TW75-1 X VgD, designated GV, has 21%, and 22% oil and
41% and 43% protein from field and greenhouse seed production,
respectively. No significant differences were found in mineral con-
centrations, except for Fe which was 229 microgram/g dry mass
for GV followed by 174.3 for VgD and 162 for Gm-lpa-TW75-1.
Phosphate (Pi) is higher in Gm-lpa-TW75-1 as expected at Smg/g,
tollowed by GV at 1.6 mg/g whereas Jack, VgD, and Taiwan75 have
about 0.3 mg/g. The Gm-lpa-TW?75-1 line has the lowest phytate
concentration at 1.4 mg/g followed by GV with 1.8 mg/g compared
to Taiwan?75, VgD, and Jack with 2.5 mg/g. This work describes a
high oil and protein soybean line, GV, with increased Pi and lower
phytate which will increase the nutritional value for human and
animal feed.

Ferulic acid production
from brewery spent grains, an

agro-industrial waste

Sibhatu, H.K,, et al, LWT: 135: 110009, 2021,
https://doi.org/10.1016/j.lwt.2020.110009.

This research looks at the use of brewery spent grains (BSG)
for the extraction of a natural antioxidant, ferulic acid. Brewery
spent grain was initially treated with dilute sulfuric acid, then sub-
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jected to alkaline hydrolysis using NaOH, prior to ferulic acid
extraction and purification. X-ray diffraction analysis of the raw
and hydrolyzed BSG showed evidence for a possible release of phe-
nolic extractives.

Prebiotic effects of olive
pomace powders in the gut: in
vitro evaluation of the inhibition of
adhesion of pathogens, prebiotic and

antioxidant effects

Ribeiro, T.B., et al., Food Hydrocoll. 112: 106312, 2021,
https://doi.org/10.1016/j.foodhyd.2020.106312.

Olive pomace is a biowaste rich in polyphenols and insolu-
ble dietary fiber, with high potential to develop new value chains
that support a sustainable and circular bioeconomy. Regarding gut
health, olive pomace phenolics and insoluble dietary fiber (after
possible fermentation) could act as antioxidants, antimicrobial, and
prebiotic agents. Two powders from olive pomace: liquid-enriched
powder (LOPP)—a source of phenolics—and pulp-enriched pow-
der (POPP)—a major source of insoluble dietary fiber. LOPP
and POPP were subjected to in vitro-simulated gastrointestinal
digestion followed by in vitro faecal fermentation. The undigested
fraction retained in the colon was analyzed for potential antiox-
idant, antimicrobial, and prebiotic effects. LOPP and POPP did

not impact the gut microbiota diversity negatively, showing a sim-
ilar ratio of Firmicutes/Bacteroidetes compared to a positive con-
trol (FOS). LOPP exhibited a positive (similar to FOS) effect on
the Prevotella spp./Bacteroides spp. ratio. Both powders promoted
more production of short-chain fatty acids (mainly acetate > butyr-
ate > propionate) than FOS and demonstrated significant total
phenolic content and oxygen radical absorbance capacity during
faecal fermentation up to 48 h. The powders also showed mucin-ad-
hesion inhibition ability against pathogens, principally POPP
against Bacillus cereus (22.03 + 2.45%) and Listeria monocytogenes
(20.01 + 1.93%). These results demonstrate that olive pomace pow-
ders have prebiotic effects on microbiota, including the stimulation
of short-chain fatty acids production and antioxidant and antimi-
crobial activity which could potentially improve human gut health.

Composition of bound
polyphenols from carrot dietary fiber
and its in vivo and in vitro antioxidant
activity
Dong, R., et al., Food Chem. 339: 127879,2021,
https://doi.org/10.1016/j.foodchem.2020.127879.

Qualitative analysis of bound polyphenols from carrot dietary
fiber (CDF-PP) was performed by ultra-performance liquid chro-

matography equipped with an electrospray ionization and quadru-
pole time-of-flight mass spectrometry (UPLC-ESI-QTOF-MS/MS).

Biobased
Surfactants

Second Edition

Dooglas & Hayes, Daniel K. Solassan
and Hichard 0L Ashivy
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Eleven organic acids, nine hydroxybenzoic acids and derivatives, six
hydroxycinnamic acids and derivatives, four phenolic alcohols and
derivatives, three flavonoids and derivatives, seven esters and deriv-
atives, and two other compounds were detected by matching their
retention times, secondary mass spectrometry fragment informa-
tion with authentic standards, or literature data. Furthermore, in
vitro antioxidant activity was determined by different kinds of assays,
including DPPH, ORAC, and PSC, demonstrating that CDF-PP
could scavenge radicals in a dose-dependent manner. Moreover,
CDF-PP exhibited significantly reactive oxygen species (ROS)
scavenging activity in living Caenorhabditis elegans. To our knowl-
edge, this is the first comprehensive research to investigate compo-
sition and in vitro/in vivo antioxidant activity of bound polyphenols
in CDF, which implies that CDE-PP could be a promising source of
antioxidants.

Synthesis of medium-
and long-chain triacylglycerols by
enzymatic acidolysis of algal oil and

lauric acid

Li Y., etal, LWT 136, Part 1, January 2021,
https://doi.org/10.1016/j.lwt.2020.110309.

To obtain medium- and long-chain triacylglycerols (MLCTs)
with high levels of lauric acid (LA) and docosahexaenoic acid
(DHA), an acidolysis reaction was catalyzed by lipase in a sol-
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vent-free system to incorporate LA into algal oil (rich in DHA).
Three regiospecific immobilized lipases were compared for their
efficiency in the synthesis of MLCTs-riched structured lipids
(SLs). The results showed that Lipozyme AOABS (from Aspergillus
oryzae) displayed the top performance for LA incorporation of
MLCTs-riched SLs. The optimum conditions of acidolysis reaction
were: reaction temperature 65°C, substrate mole ratio 1:8 (algal

oil to LA), enzyme load 12 g/100 g total substrates, and reaction
time of 2.5 h. Under these conditions, LA and DHA of the MLCTs-
riched SLs production were 30.91% and 44.68%, respectively, and
Lipozyme AOAB8 was reusable for at least 9 times. Melting and
crystallization profiles revealed that the MLCTs-riched SLs pro-
duction possessed preferable physical properties over the original
algal oil. The MLCTs-riched SLs can be applied in human milk fat
substitutes and dietary supplements as functional lipids.

&1 Extraction separation of
rhamnolipids by n-hexane via forming

reverse micelles

Chaojun Zhou, et al., ]. Surfactants Deterg. 23: 883-889, 2020,
https://doi.org/10.1002/jsde.12409.

Rhamnolipids (RL) have been regarded to be insoluble in n-
hexane. Unexpectedly, we noticed that RL could be extracted
together with vegetable oil by n-hexane when analyzing oil con-
tent of fermentation broth. This paradoxical phenomenon was
assumed to be due to the formation of reverse micelles. As found in
this paper, the micelle size as well as conductivity increased due to
water solubilization, illustrating the formation of reverse micelles
of RL in n-hexane. In this reverse micellar system, the maximal
water solubility was detected to be 6.26 mol H2O/mol RL while
the reverse critical micelle concentration of RL was around 3%
(w/w). Hence, it seems that the presence of water could increase
the dissolution of RL in n-hexane via forming the reverse micelles
of RL/n-hexane/water. Lastly, the formation of reverse micelles
was further applied for extraction of RL by n-hexane. Using this
method, over 99.0% of RL was extracted under the appropriate pH
of 4.5. This extraction separation using n-hexane instead of chlo-
roform proposed a much cleaner and safer strategy in RL manu-
facture. Moreover, the capability of RL in forming reverse micelle
system could benefit future applications, such as those that improve
enzymatic reactions, the stability of nanoparticles, environmental
treatment, and protein folding.

&3 Application of pH-responsive
viscoelastic surfactant as recyclable
fluid at high temperature

Xuepeng Wu, et al., ]. Surfactants Deterg. 23: 863-872,
2020, https://doi.org/10.1002/jsde.12418.

A pH-responsive amphiphilic surfactant stearic amide 3-
(N,N-dimethylamino)propylamide (SAA) was synthesized and
served as a thickener in aqueous solution to construct a switchable
viscoelastic surfactant fluid (VES fluid). The structure of SAA was
studied by 1H NMR, and the viscoelastic behavior of VES fluid was
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studied in detail by rheological measurements. The viscosity of this
VES fluid can be switched reversibly from low to high immediately
by adjusting system pH value. Even at high shear rate (170s-1)

and high temperature (90°C), excellent viscoelastic behavior of
this VES fluid can be observed, which is a key performance for
fracturing applications. Meanwhile, the recycled VES fluid can
still maintain good pH-responsive behavior even after more than
three cycles. The unique performances of this VES fluid not only
enhanced our understanding of the transformation of wormlike
micelles at high temperature, but also enriched a large potential of
VES fracturing fluid in the development of oil and gas reservoirs.

(S&D ] Benzalkonium chloride alters
phenotypic and genotypic antibiotic
resistance profiles in a source water

used for drinking water treatment

Harrison, K.R,, et al., Environ. Pollut. 257: 113472, 2020,
https://doi.org/10.1016/j.envpol.2019.113472.

Antibiotic resistance is a major public health concern.
Triclosan is an antimicrobial compound with direct links to anti-
biotic resistance that was widely used in soaps in the United
States until its ban by the US Food and Drug Administration.
Benzalkonium chloride (BAC), a quaternary ammonium com-
pound, has widely replaced triclosan in soaps marketed as an anti-
bacterial. BAC has been detected in surface waters and its presence
willlikely increase following increased use in soap products. The
objective of this study was to determine the effect of BAC on rel-
ative abundance of antibiotic resistance in a bacterial community
from a surface water used as a source for drinking water treatment.
Bench-scale microcosm experiments were conducted with micro-
bial communities amended with BAC at concentrations ranging

from 0.1 microgram L-1 to 500 microgram L—1. Phenotypic antibi-

otic resistance was quantified by culturing bacteria in the presence
of different antibiotics, and genotypic resistance was determined
using qPCR to quantify antibiotic resistance genes (ARGs). BAC
at concentrations ranging from 0.1 microgram L—1 to 500 micro-
gram L—1 was found to positively select for bacteria resistant to
ciprofloxacin and sulfamethoxazole, and negatively select against
bacteria with resistance to six other antibiotics. Exposure to BAC
for 14 days increased the relative abundance of sull and blaTEM.
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This study re-highlights the importance of employing both culture
and non-culture-based techniques to identify selection for antibi-
otic resistance. The widespread use of BAC will likely impact anti-
biotic resistance profiles of bacteria in the environment, including
in source waters used for drinking water, wastewater treatment
plants, and natural waterways.

&1 Lipidomic analysis of

epithelial corneal cells following
hyperosmolarity and benzalkonium
chloride exposure: new insights in dry

eye disease

Magny, R., et al, Biochimica et Biophysica Acta—Molecular and Cell
Biology of Lipids 1865: 158728, September 2020,
https://doi.org/10.1016/j.bbalip.2020.158728.

Dry eye disease (DED) is a multifactorial chronic inflam-
matory disease of the ocular surface characterized by tear film
instability, hyperosmolarity, cell damage and inflammation.
Hyperosmolarity is strongly established as the core mechanism of
the DED. Benzalkonium chloride (BAK)—a quaternary ammo-
nium salt commonly used in eye drops for its microbicidal proper-
ties—is well known to favor the onset of DED. Currently, little data
are available regarding lipid metabolism alteration in ocular sur-
face epithelial cells in the course of DED. Our aim was to explore
the effects of benzalkonium chloride or hyperosmolarity exposure
on the human corneal epithelial (HCE) cell lipidome, two differ-
ent conditions used as in vitro models of DED. For this purpose,
we performed a lipidomic analysis using UPLC-HRMS-ESI+/—.
Our results demonstrated that BAK or hyperosmolarity induced
important modifications in HCE lipidome including major changes
in sphingolipids, glycerolipids, and glycerophospholipids. For
both exposures, an increase in ceramide was especially exhibited.
Hyperosmolarity specifically induced triglyceride accumulation
resulting in lipid droplet formation. Conversely, BAK induced an
increase in lysophospholipids and a decrease in phospholipids. This
lipidomic study highlights the lipid changes involved in inflam-
matory responses following BAK or hyperosmolarity exposures.
Thereby, lipid research appears of great interest, as it could lead to
the discovery of new biomarkers and therapeutic targets for the
diagnosis and treatment of dry eye disease.
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