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Lessons learned from  
Hurricane Harvey
As Hurricane Harvey approached the heart of the US oil refining and 
petrochemical industries in late August of 2017, many companies activated well-
rehearsed emergency plans. AOCS members and member companies describe 
how their operations weathered the storm, and how advanced preparations 
helped mitigate the impacts. 
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Arkema executives claim that they made extensive emergency plans 
in preparation for Hurricane Harvey, but nobody could have anticipated 
rainfall or flooding of that magnitude. Nevertheless, Hurricane Harvey 
has prompted many companies, in and out of the Gulf Coast, to rethink 
their emergency preparedness plans. No region is completely immune 
to disasters, whether hurricanes, tornadoes, earthquakes, wildfires, or 
terrorist attacks. Emergency plans are never considered “finished prod-
ucts,” but should be periodically reviewed and modified with lessons 
learned from previous disasters. 

INDUSTRY HOTBED
The Gulf Coast, which encompasses US states that border the Gulf of 
Mexico, is the heart of the US oil refining and petrochemical industries, 
mainly because of its proximity to feedstock materials such as natu-
ral gas. Also, the Gulf Coast offers deep-water ports, pipeline and stor-
age networks, and a skilled refining workforce. More than 25% of US oil 
refinery capacity and 50% of the nation’s downstream chemical produc-
tion are located in this region (Bomgardner, M.M., https://tinyurl.com/
CEN-Harvey, 2017). In particular, Texas is the largest chemical-produc-
ing state in the United States, with $129 billion in shipments annually 
(American Chemistry Council, 2017). Louisiana, another Gulf Coast state, 
is the fourth-largest producer of chemicals, with $51 billion in annual 
shipments. 

Texas produces nearly 75% of the US supply and 15% of the world 
supply of ethylene, a basic chemical building block used to make every-
thing from plastic containers to automobile parts to disposable dia-

• The Gulf Coast region of the United 
States is home to many of the country’s 
oil refining and petrochemical plants.

• In late August 2017, Hurricane Harvey 
caused massive flooding in and around 
Houston, Texas.

• Many companies in the area activated 
well-rehearsed emergency plans, but 
each natural disaster affords new 
opportunities to refine and improve the 
plans.

             Lessons  
                   learned from  
    Hurricane Harvey

Laura Cassiday

In the early morning hours of August 31, 2017, two explosions rocked the flooded Arkema chemical 
plant in Crosby, Texas, USA, sending flames and a plume of black smoke high into the air. The facility 
produced liquid organic peroxides, which must be refrigerated to prevent their decomposition and 
subsequent ignition. When the area received more than 40 inches (1 m) of rain from Hurricane 
Harvey, floodwaters cut off power to the original refrigeration system and swamped backup 
generators. Arkema employees quickly moved the flammable organic peroxides to nine semi-trailers, 
which they transported to higher ground and cooled with diesel-powered refrigerators. However, in 
the wake of unprecedented rainfall and up to 6 feet (1.8 m) of floodwater, these precautions were 
not enough, and the refrigeration systems failed, triggering fiery explosions in two of the trailers. A 
few days later, Arkema employees ignited the remaining trailers in controlled burns so that workers 
could safely begin assessing damage to the rest of the plant.



inform   March 2018, Vol. 29 (3)   •   7

pers (Kaskey, J., https://tinyurl.com/ethylene-Harvey, 2017). 
Ethylene is produced by heating natural gas in massive fur-
naces, or steam “crackers,” that break long-chain hydrocar-
bons into shorter molecules. Processing plants then convert 
the gaseous ethylene into polyethylene, the world’s most com-
mon plastic, and many other products such as ethylene oxide 
(used to produce surfactants and detergents), ethylene glycol 
(antifreeze), polyvinyl chloride (PVC; used in pipe, windows, 
and bottles), and polystyrene (used for packaging and insu-
lation). Ethylene and its derivatives comprise about 40% of 
global chemical sales.

The Gulf Coast is no stranger to tropical storms. 
Recent major storms include Tropical Storm Allison in 2001, 
Hurricanes Rita and Katrina in 2005, and Hurricane Ike in 2008. 
Therefore, as Hurricane Harvey approached the coastline in 
late August of 2017, many companies activated well-rehearsed 
emergency plans.

BATTENING DOWN THE HATCHES
According to the American Chemistry Council (ACC), emer-
gency plans vary with storm severity but may include complete 
shutdown of the facility, evacuation of personnel, activation 
of generators, filling of tanks, physically securing equipment, 
and removal of unnecessary equipment and vehicles (https://
tinyurl.com/Harvey-ACC, 2017). In accordance with the ACC’s 

Responsible Care® program, all ACC members must have estab-
lished emergency plans that are activated in coordination with 
local, state, and national authorities, as well as with other busi-
nesses and transportation systems in the path of the storm.

On August 24, as Hurricane Harvey gained force and 
approached the Texas coast (see timeline, pages 8 and 9), doz-
ens of refineries and chemical plants initiated shutdown pro-
cedures. When a chemical facility shuts down, excess gases 
that cannot be processed are often flared, or burned. An 
industry “best practice,” flaring safely relieves pressure during 
shutdown and is conducted with the permission of state 
and federal regulatory authorities (ACC, https://tinyurl.com/
Harvey-Dooley, 2017). Chevron Phillips Chemicals, a producer 
of ethylene, polyethylene, and other chemicals, reported that 
they sent 766,000 pounds (347,000 kg) of chemicals including 
ethylene, 1,3-butadiene, and benzene to flare as the plant shut 
down (Lefebvre, B., https://tinyurl.com/politico-Harvey, 2017).

Unplanned shutdowns can cause facilities to emit large 
amounts of volatile chemicals that surpass permitted air pol-
lution levels. From August 23 to August 30, 46 facilities in 13 
Texas counties reported an estimated 4.6 million pounds (2.1 
million kg) of airborne emissions that included benzene, tol-
uene, carbon monoxide, nitrogen oxide, and sulfur dioxide, 
which greatly exceeded state limits (Griggs, T., et al., https://
tinyurl.com/Harvey-NYT, 2017). Although environmental 
groups and many citizens were concerned, federal and state 

MANUFACTURING

The flooded plant of French 
chemical maker Arkema 
SA, which produces organic 
peroxides, is seen after fires 
were reported at the facilty in 
Crosby, Texas, on Aug. 31. 
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regulators claimed that air monitors did not detect levels of 
emissions that are harmful to human health.

In laboratories, researchers prepared for flooding and 
power outages (Williams, S., and Grant, B., https://tinyurl.com/
Harvey-The-Scientist, 2017). They hooked up freezers and 
refrigerators storing sensitive samples to backup generators. 
They moved instruments from floors to tabletops and relo-
cated laboratory animals to higher shelves. Researchers also 
stored water for the animals in the event that clean running 
water became unavailable. Any data not already backed up 
were transferred to remote servers.

In many facilities, nonessential personnel were sent home 
as the storm approached. A small hurricane “ride-out team” 
remained on-site to maintain the facility, monitor conditions, 
and make repairs.

THE STORM AND ITS AFTERMATH
With estimated damages and losses totaling more than 
$190 billion, Hurricane Harvey is the costliest hurricane on 
record, due mainly to catastrophic flooding in the Houston 
area. Hundreds of thousands of people were displaced from 
their homes, automobiles were flooded, and 300,000 people 
in Texas lost electricity. Harvey caused 91 confirmed deaths.

Unlike many homes and businesses in the Houston area, 
most oil and petrochemical plants were spared from extensive 
structural damage and flooding due to facility design, includ-
ing the strategic placement of dikes and levees. However, 
even after the storm had passed and the leaks had been 
mopped up, many facilities were not able to restart for days 
or weeks. Because transportation by truck, railway, and barge 
was severely disrupted until at least September 5, refineries 
and chemical plants were unable to receive shipments of raw 
materials. Even if companies did not shut down, they were 
unable to transport shipments of finished products out of their 
factories. Due to widespread flooding of streets and highways, 
many employees could not reach their workplace, and oth-

ers were dealing with flooded or otherwise damaged homes. 
These lingering transportation issues delayed the restart of 
many refineries and chemical plants.

Ultimately, Harvey disrupted more than one-third of US 
chemical production (Kaskey, J., https://tinyurl.com/Harvey-
production, 2017). Harvey’s immediate impact on the US pro-
duction of several petrochemicals, assessed by ICIS, is shown in 
Table 1. On August 31, Bloomberg and other sources reported 
even higher numbers: 61% of the US production of ethylene, 
50% of polyethylene, and 60% of polypropylene was shut 
down (Kaskey, J., https://tinyurl.com/ethylene-Harvey, 2017). 
Many plants did not reopen until weeks or months after the 
storm. Shortages of petrochemicals persisted through the end 
of the year, driving up prices. The hurricane caused the great-
est ever disruption to US refining capacity, with more than 20% 
of US refineries offline and 10% operating at reduced rates on 
Friday, September 1.

TABLE 1. Harvey impacts on US petrochemical capacity, 
August 29, 2017

Petrochemical
Reduction in capacity  

due to shutdowns

Ethylene 36.6%

Benzene 31.1%

Polyethylene 25.5%

Polypropylene 24.8%

Propylene 23.3%
Credit: ICIS Supply & Demand database, ICIS analysis

In addition to emissions of gaseous chemicals during plant 
shutdowns, several facilities reported the release of gaseous 
or liquid chemicals from storage tanks as a result of heavy 
rainfall. At Exxon Mobil’s Baytown, Texas, refinery, the exter-

Hurricane 
Harvey 
Timeline

AUGUST 24

Hurricane Harvey, a category two 
hurricane, headed towards the Texas 
coast. Numerous refineries and chemical 
plants in Texas shut down ahead of the 
storm. Ocean ports began to shut down.

AUGUST 25 

Harvey, which was 
upgraded to a category 
four hurricane, made 
landfall at 10 p.m. near 
Rockport, Texas.

AUGUST 26

Harvey, which was 
downgraded to 
a tropical storm, 
moved into the 
Houston area. 

AUGUST 29

Some refineries and chemical 
plants reported releases 
of chemicals or emissions 
as a result of flooding or 
shutdown procedures.

AUGUST 31

Two semi-truck 
containers of liquid 
organic peroxides ignited 
at the flooded Arkema 
plant in Crosby, Texas.

AUGUST 27

Harvey remained in the 
Houston area, bringing 
over 50 inches (1.3 m) 
of rain in some areas 
and severe flooding. 

AUGUST 30

After 5 days of rainfall, Harvey moved from 
the Houston area into eastern Texas. River, 
port, truck and railroad traffic and many 
crude oil pipelines remained closed.
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nal floating roof on a storage tank partially sank during heavy 
rains, causing the release of benzene, toluene, and volatile 
organic compounds into the air. Similarly, at a Valero Energy 
Partners refinery in Houston, the floating roof of a crude oil 
storage tank partially flipped, releasing benzene and other vol-
atile organic compounds. In Pasadena, Texas, a gasoline tank at 
Kinder Morgan, a pipeline transportation and energy storage 
company, tilted due to the large volume of rain, releasing gaso-
line into a containment dike.

At Royal Dutch Shell’s refinery and petrochemical com-
plex in Deer Park, Texas (Fig. 1), two floating roofs on stor-
age tanks containing gasoline components sank into the 
tanks after heavy rainfall exceeded the roof’s capacity to 
drain water. “Such a circumstance is extremely rare, as those 
tanks were built to industry standards designed to protect the 
tanks’ integrity,” says Ray Fisher, Shell company spokesperson. 
According to Fisher, a third tank containing a gasoline compo-
nent leaked about 400 gallons into a nearby containment area. 
Shell responders vacuumed the spill from the area.

“In each of these tank incidents, all liquid products leaked 
were contained within engineered barriers,” says Fisher. 
“This, coupled with the timely and deliberate response of 
our well-trained employees, minimized the consequences of 
these events.” Shell responders quickly applied foam to the 
leaked liquids to suppress vapors. According to Fisher, indus-
trial health monitoring in the surrounding community during 
Hurricane Harvey did not detect any emissions impact from 
Shell’s operations.

STARTING UP
By September 14, 2017, most petrochemical plants along the 
Texas coast had restarted or initiated restart procedures (Hays, 
K., https://tinyurl.com/Platts-CP-Chem, 2017). Before a plant 
can be restarted, a specially trained team must visit the site 
to evaluate damage and ascertain that conditions are safe for 
other employees to return. Restarting operations in a large 

facility can take several days, as operators conduct inspections 
and restart equipment in phases. Safety precautions must be 
followed meticulously. Shutdown and restart are the two times 
when refineries are most likely to explode (Wray, D., https://
tinyurl.com/HP-refineries, 2017). As in shutdowns, excess 
emissions are often released during startups.

Restarting a petrochemical plant requires the establish-
ment of stable flows, levels, temperatures, and pressures 
within large equipment (U.S. Chemical Safety and Hazard 
Inspection Board (CSB), https://tinyurl.com/CSB-alert, 2017). 
Sometimes, damage to equipment cannot be detected until 
restarting is attempted. Floodwater may have leaked into 
tanks, or debris could have damaged electric motors or 
blocked drains. According to a Safety Alert issued by the CSB, 
petrochemical plant operators should check process equip-
ment thoroughly for damage, including storage tanks, pressure 
vessels, insulation systems, sewers and drains, furnace sys-
tems, electric motors, and emergency warning systems.

FIG. 1. Aerial view of the Shell Deer Park Manufacturing Site in 
Deer Park, Texas (about 20 miles east of downtown Houston).
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SEPTEMBER 5

Houston-area 
universities 
resumed classes.

SEPTEMBER 6

A week after Harvey made landfall, many 
chemical plants remained shut down as they 
completed pre-startup safety checks. All but 
three ports were reopened. Railways began to 
restore service.

SEPTEMBER 1

More than 20% of US refining 
capacity was offline due to storm-
related shutdowns. More than 50% 
of total US ethylene production 
remained offline.

SEPTEMBER 15

Most refineries and  
chemical plants 
had restarted. 
Transportation 
backlogs remained.
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HOW FOUR AOCS MEMBERS 
WEATHERED THE STORM
In December 2017, Inform talked with four AOCS members, 
individual or corporate, who were affected by Hurricane 
Harvey (Fig. 2). Their stories illustrate how good prepara-
tion can greatly mitigate the impacts of natural disasters. 
Nevertheless, every storm offers the opportunity to refine 
emergency plans, incorporating lessons learned about which 
aspects of the plan worked well and which need improvement. 

Mark Guadagnini, General Manager, Shell 
Technology Center, Houston, Texas
The Shell Technology Center is a 44-building, 200-acre energy 
research complex that employs about 2,000 scientists, tech-
nologists, engineers, consultants, and sales and support per-
sonnel. The facility did not experience any structural damage 
or flooding from Hurricane Harvey, but the heavy rain, some-
times blowing sideways, caused leaks in roofs and walls.

As Hurricane Harvey approached, Guadagnini and col-
leagues implemented site contingency plans and worked closely 
with the laboratory community to determine which research 
processes must remain operational during the storm. Some of 
the laboratories and pilot plants were conducting experiments 
that had run continuously for 2 years or more, so they were 
given priority. “We discussed which research processes needed 
to remain active, and how they could remain operational during 
the storm,” he says. “If they didn’t need to remain active, then 
we had to give enough notice so they could be shut down in a 
controlled fashion prior to shutting down the facility.” The Shell 
Technology Center has its own utilities plant, so the team calcu-
lated the scaled-down electricity they needed to generate to run 
ongoing experiments and provide air conditioning and power for 
the skeleton crew that remained on-site.

Before Hurricane Harvey made landfall, Shell Technology 
Center employees covered valuable equipment with sheets 
of plastic and placed sandbags around doors in buildings that 
housed critical assets. They pumped water out of a decorative 
pond to help prevent flooding. “One of the things we learned is 
that you can’t have enough sheets of plastic available to cover 
stuff,” says Guadagnini. “Everybody is going to underestimate 
the amount of plastic and tape needed for an event like this. 
It’s almost like you can’t have too much.” 

A 20-person hurricane “live-in team” remained at the 
facility for 5 days, while other employees were sent home. 
Team members had diverse backgrounds in engineering and 
repair. “If you remember the television show MacGyver, I was 
surrounded by a bunch of MacGyvers who knew how to fix 
things and make something out of nothing,” says Guadagnini. 
“Those guys were able to make some repairs on the spot and 
get things started, and that enabled us to be back up and oper-
ational only four days after the hurricane.” 

After the storm, the Shell Technology Center brought the 
experiments and chemical processes back to full operations in 
a disciplined, controlled manner. “Although we could quickly 
bring equipment and utilities back online, we didn’t have the 
people in place to start everything back up until the roads 
cleared and dried out,” says Guadagnini. Due to transporta-

tion issues, the facility also had problems obtaining chemi-
cals, equipment, and spare parts for at least 10 days after the 
storm. “So that also went into the calculus of what to bring 
back to operational status and what to leave shut down—our 
ability to get logistically resupplied,” he says.

Guadagnini credits communication, preparation, and prac-
tice for the success of the Shell Technology Center in weather-
ing Hurricane Harvey. “We worked very hard at the start of the 
year on revitalizing our hurricane preparedness plan, and we 
took many opportunities to communicate with our employ-
ees about the plan,” says Guadagnini. Employees practiced 
the emergency preparedness plan through a series of table-
top drills, where a particular disaster scenario was presented, 
and employees had to respond to it using the plan. The center 
as a whole was then debriefed on lessons learned from the 
exercise. “My best advice is to take the opportunity to train to 
your plan,” says Guadagnini. “If you don’t practice something, 
you’re going to be terrible at it. Conversely, if you practice your 
plan, then you will do well in execution.”

Robert Poullard, Laboratory Manager, 
Jacob Stern & Sons, Houston, Texas
Jacob Stern & Sons is a company that imports, exports, pro-
cesses, and distributes animal fats and oils. At their facility in 
Houston, the company has more than 40 storage tanks con-
taining different grades of tallow that are used in soaps, per-
sonal care products, and cosmetics. Jacob Stern & Sons is 
located along the Houston Ship Channel, giving the exporter 
access to ocean-going vessels. During Hurricane Harvey, the 
facility experienced some flooding and roof leaks but suffered 
no substantial damage. “The office buildings had the most 

FIG. 2. Locations of four AOCS members affected by Hurricane 
Harvey. The hurricane made landfall in Rockport, Texas, and 
moved east through the Houston area.
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damage,” says Poullard. “We still have big holes in the ceilings, 
and the roof still needs to be repaired, but the plant is working 
at almost 100% capacity.”

Jacob Stern & Sons only had to shut down completely for 
about half of a week. However, the company, like others in 
the area, experienced transportation issues for much longer. 
“Most of our products are delivered to us by trucks and by 
rail cars, but they couldn’t get to us for a week to two weeks,” 
says Poullard. “Our business consists of exporting, and we just 
couldn’t get any ships here when the time called.” He also says 
that the company experienced some brief power outages.

Some docks along the Houston Ship Channel were flooded 
by the waterway. However, Jacob Stern & Sons was not 
affected substantially because high levees were built around 
storage tanks to protect them from flooding. In the days 
before the storm, employees boarded up windows. “This isn’t 
our first rodeo, so we knew what was coming and prepared 
ahead of time,” says Poullard. “But Harvey wasn’t so much a 
wind event; it was mostly rain.” 

After streets and highways flooded, some employees 
were stranded at the Jacob Stern & Sons plant for more than 
48 hours. Poullard couldn’t get back to the plant because the 
streets surrounding his neighborhood were flooded. “Interstate 
10 is one of the main freeways that runs through the city, and 
we couldn’t get to it because it was flooded,” says Poullard. “The 
freeway exits around here had over 10 feet of water, so even if 
you could get on the freeway, you couldn’t get off it.”

Some employees voluntarily stayed at the facility to keep 
an eye on things. “A lot of guys who have been here for 30 or 
40 years wanted to stay to help out in case something went 
wrong,” says Poullard. “We’ve got a lot of good guys here who 
have been through this before and don’t mind just hanging 
around and making sure the plant is okay.”

Because Jacob Stern & Sons is located along the Houston 
Ship Channel, a possible target for terrorists, the company 
plans ahead for both natural and manmade disasters. “We pre-
pare for any kind of disaster, because you just never know,” 
says Poullard. “We practice that, we preach that, and we coor-
dinate with the Coast Guard.”

William Wilson, Lab Manager, Department of 
Chemistry, Rice University, Houston, Texas
Rice University is a private research university located in cen-
tral Houston. The 295-acre wooded campus is adjacent to the 
Texas Medical Center. Due largely to improvements made since 
Tropical Storm Allison in 2001, Rice University suffered minimal 
damage from Hurricane Harvey. Several buildings had minor 
damage due to leaks, and at least three basements flooded. 
Many of Rice’s almost 4,000 undergraduate students remained 
on campus in their dormitories during the storm. The univer-
sity was closed for 10 days because of the hurricane, reopen-
ing on September 5.

Because the roads on and around Rice University were 
flooded, students and employees who lived off campus were 
advised not to attempt to reach the university. However, 
Wilson, who manages the lab of Professor Seiichi Matsuda, 
managed to make it to work every day. “Most people could 
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not drive to work because freeways and major roads were 
impassable at certain places,” says Wilson. “Yet I could get 
almost anywhere on my bicycle within a 7-mile radius of Rice 
University, day or night—except on Sunday, when I had to 
cross on the railroad trestle.” 

On Sunday, August 27, the worst day of flooding, Wilson 
started bicycling toward Rice. Although bayou bridges were 
flooded with raging water, he walked safely across on a rail-
road trestle, with a “dazzling yet terrifying view of lakes every-
where.” The final 3 miles involved wading through ankle-deep 
to waist-deep water. “Running through floodwater is danger-
ous because it is easy to stumble over a curb,” says Wilson. 
Wading through floodwaters is also not advised due to risks 
from fire ants, bacteria, displaced manhole covers, and drown-
ing. Dangerous snakes often seek the higher ground of railroad 
tracks during floods.

Nevertheless, Wilson made it to the lab building, which 
he says was “virtually deserted.” The building did not expe-
rience any power outages because of the storm, so Wilson 
attempted to spend $4,000 in remaining research grant money 
that expired on August 31. “I tried to persuade vendors to 
bill our credit card and send an invoice, but delay shipment 
for a week,” says Wilson. “Instead, the opposite happened. 
One company immediately sent us biological supplies requir-
ing -20°C refrigeration, and they arrived after 10 days at room 
temperature.”  Because of storm-related difficulties, Wilson 
was only able to spend about half of the expiring grant money.

In preparation for Harvey, Wilson shut down the lab’s 
mass spectrometers and other expensive equipment, and 
readied 20-amp extension cords to plug the -80°C freezers 
into emergency power sources, if needed. Because the lab was 
located on the third floor of the building, flooding was not a 
concern. “Unlike preparation for rain coming in broken win-
dows from the fierce winds of Hurricane Ike in 2008, I was not 
worried about broken windows from Harvey,” says Wilson.

According to Wilson, the nearby Texas Medical Center 
(TMC) took serious precautions to protect against flood-
ing after being devastated by Tropical Storm Allison in 2001. 
“TMC’s actions inadvertently helped protect Rice and the 
University of Houston from flooding,” he says. TMC’s mea-
sures included new flood-resistant buildings, floodgates, and 
elevated power supplies. In addition, Brays Bayou, which runs 
directly through the TMC and is adjacent to the University of 
Houston, was widened from the TMC to several miles down-
stream after it caused massive flooding during Allison.

Chad Anderson, Site Director, Port Neches 
Operations, Huntsman Port Neches, Texas
Huntsman’s Port Neches Operations facility makes propylene 
and ethylene, converts them to propylene oxide and ethylene 
oxide, and then derivatizes the oxides to generate surfac-
tants, amines, and glycols. With three ethylene oxide units, the 
Huntsman Port Neches plant is the largest single-site producer 
of ethylene oxide in North America.

During Hurricane Harvey, Huntsman shut down six man-
ufacturing sites, including Port Neches, as well as the world 
headquarters building and the Advanced Technology Center 

located in The Woodlands, Texas. According to Anderson, Port 
Neches Operations experienced flooding, but no major struc-
tural damage. The Port Neches facility had several flooded 
buildings, mostly in maintenance areas. Floodwaters entered 
some electric motors, requiring the motors to be removed 
from equipment and dried. “For the most part, the damage 
was quite minimal to our facilities,” he says. “The main effect 
that we had was the effect on the surrounding community, 
which prevented employees from coming to work and pre-
vented deliveries and shipments to and from the facility. And, 
of course, we were restricted with power and things of that 
nature from time to time as a result of the hurricane.” 
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Anderson and coworkers brought the Port Neches facility 
to an idle four days before the hurricane struck the Houston 
area. “We were having issues getting trucks into and out of the 
facility several days in advance of the storm, so we shut the 
facility down,” says Anderson. “We did leave our utilities sec-
tion of the plant running so as not to allow the steam lines and 
things of that nature to go cold during the event.” 

For about 2.5 weeks, a ride-out crew remained at Port 
Neches, maintaining the facility and operating the cogenera-
tion units that produced electricity. Port Neches’ first ethylene 
oxide unit went back online on September 4, and the site had 
returned to pre-Harvey operating conditions by September 16. 
Harvey’s impact on Huntsman’s third quarter net earnings for 
all sites was estimated to be $50 million.

Port Neches Operations was affected previously by 
Hurricanes Rita and Ike. “With Hurricane Rita in 2005, we 
learned a great deal about setting up timeframes to start idling 
production and making decisions about whether to keep the 
plant running or shut it down,” says Anderson. “We further 
refined that procedure during Hurricane Ike.” Now, Huntsman 
has an emergency procedure that varies slightly with the loca-
tion, intensity, and hazards of the storm. With regard to hazards, 
Hurricane Rita was mainly a wind event at Port Neches, whereas 
Ike was a storm surge event. “Harvey had some wind but no 
storm surge. It was mostly a rain event, so it tested our proce-
dure again,” says Anderson. “But whenever you start losing your 
ability to move raw materials into and products out of the facil-
ity, it pushes you down your timeline of bringing the plant to an 
idle state and sending your nonessential people home.”

Following Hurricanes Rita and Ike, Huntsman also changed 
some of their building practices within the Port Neches facility. 
“All of our new construction is about 8 feet off the ground to 
protect from a potential storm surge or flooding event,” says 
Anderson. “We’ve also started raising critical instrumentation 
and electrical infrastructure up to a certain level.” He notes 
that Jefferson County, where Port Neches is located, has a 
13-foot (4-m) retaining wall that protects the area from signifi-
cant storm surges.

Anderson has some advice for other companies prepar-
ing for natural disasters. “Don’t ever say, ‘This will never hap-
pen here,’” says Anderson. “We never expected to see 5 feet 

of rain in a 5-day period, but it happened. As you go through 
your procedure reviews and preparations for inclement 
weather, the impossible can be quite possible, so prepare for 
the impossible.”

He also has some advice about making the decision to 
shut down a facility or keep it operating. “Don’t think about 
what you can make during the storm; think about how quickly 
you can recover at the end of it,” says Anderson. “We run 
highly hazardous processes, so we’re going to shut the pro-
cesses down, allow the event to pass, and then we should be 
in much better shape to start things up and get more quickly 
back to normal operations.” Anderson says that the Huntsman 
leadership fully supported the decision to shut down opera-
tions. “The only pressure we got from the company was to do 
it safely, and do it compliantly,” says Anderson. “It’s very nice 
to have that support from the CEO down to protect your peo-
ple, protect the environment, and protect your assets.”

During the storm, Anderson was inspired to see Huntsman 
employees helping each other and the community. “We had 
an employee who was actually trapped in his attic by floodwa-
ters. His house had 8 feet of water in it,” says Anderson. “We 
had three employees go home, get their boats, and rescue him 
and his family out of his house. Then they moved on to other 
houses in the neighborhood.” After the storm ended, teams 
of Huntsman employees helped clean up other employees’ 
homes that were damaged by the hurricane. Jon Huntsman, 
Sr., founder of the company and Chairman Emeritus, donated 
$2 million to establish the Huntsman Flood Fund to help the 
community recover.

Anderson estimates that about 250 of the 620 Huntsman 
employees at the Port Neches site sustained damage to their 
homes from the storm. “We’ve got people who come to work 
and do their normal job from 8 a.m. to 5 p.m., or whatever 
their shift might be, and then they’re going home and trying 
to rebuild,” he says. “The area’s back to normal by no stretch 
of the imagination, but the plant’s back to normal and running 
smoothly. People are just trying to rebuild their lives outside of 
the facility.”

Laura Cassiday is an associate editor of Inform at AOCS. She can 
be contacted at laura.cassiday@aocs.org.
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The growing importance of nutritional quality and sus-
tainability have become major challenges for edible oil 
refiners. Over the years, the refining process has con-
tinuously been improved to ensure no, or very low 
levels of contaminants (pesticides, polycyclic aromatic 
hydrocarbons, dioxins, plychorinated biphenal, and the 
like), minimal formation of trans fatty acids, and pres-
ervation of valuable minor components (tocopherols, 
tocotrienols, sterols, among others) are present in the 
refined oil. Occurrence of 3-MCPD, 2-MCPD and GE in 
food was first reported in the mid-2000s. During the 
last decade, the oil processing industry took steps to 
lower the content of these molecules in fat-based food 
products, but such efforts were not enough to address 
future requirements and limits. 

3-MCPD and GE are considered to be potentially harmful process 
contaminants. Both are carcinogenic, but genotoxicity is only proven for 
GE. Not enough toxicological data are available today to conclude on 
2-MCPD toxicity, hence the most attention is given to mitigating 3-MCPD 
and GE. It is worth mentioning that 2-MCPD content in oil is about half 
that of 3-MCPD. 

In 2016, the European Food Safety Authority (EFSA) and the Joint 
FAO/WHO Expert Committee for Food Additives (JECFA) released docu-
ments on the risks for human health related to the presence of 3-MCPD 

Oil modification:  
     solution or problem  
    for 3-monochloro-1,2-
propanediol (3-MCPD)  
  and glycidyl esters (GE)  
                      mitigation?V. Gibon, W. De Greyt, and M. Kellens

• 3-MCPD and GE are considered 
to be potentially harmful process 
contaminants. Certain processing 
techniques are known to cause their 
occurrence in refined edible oils, but 
various strategies are being applied 
to minimize their formation during 
bleaching and deodorizing processes. 

• Refined edible oils are often 
modified through fractionation, 
interesterification, and /or 
hydrogenation technologies to extend 
their applicability in food formulation. 
Little is known about how to deal 
with these process contaminants in oil 
modification.

• This article examines how 3-MCPD and 
GE are affected during these various oil 
modification processes, specifically with 
respect to palm oil.
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and GE. The EFSA and JECFA reports agreed on carcinogenic-
ity and genotoxicity of GE; however, for the 3-MCPD, JECFA 
reported considerably higher tolerable daily intake (TDI) val-
ues (4 mg/kg body weight*day) than EFSA (0.8 mg/kg body 
weight*day). These data are currently being revised by EFSA, 
and a new evaluation will be released soon. Meanwhile, EFSA 
finalized the technical discussions on legal limits for GE in veg-
etable oils and liquid/powdered infant formula. In line with the 
earlier commitment of FEDIOL (the EU vegetable oil and protein 
meal industry association), GE content (expressed as free gly-
cidol) in vegetable oils for use as such or in food formulations 
can be a maximum of 1 ppm. A stricter limit (max. 0.5 ppm) 
will apply for vegetable oils that are used in infant formula. It 
is expected that the new EU directive will be adopted in 2018. 
A regulation on 3-MCPD will eventually follow later when EFSA 
has completed its re-assessment of the toxicological data. 

The precursors and formation mechanisms of the 3-MCPD 
and GE are different, which explains their occurrence at distinct 
stages of the refining process. In contrast with GE, which can be 
easily degraded, 3-MCPD are very stable molecules: Mitigation 
strategies are therefore different. Formation of GE is related 
to the diacylglycerol content of the crude palm oil and must be 
minimized during the refining process. This is possible with the 
lower deodorizing temperatures applied in chemical refining  
(< 230°C) combined with longer retention time for heat bleach-
ing. On the other side, dual temperature deodorization is a 
technological solution (shorter time at ~245°C/longer time 
at ~220°C, deep vacuum) for physical refining. However, heat 
bleaching may remain a challenge, especially in the case of palm 
oil. Removal of GE is possible by high temperature/deep vacuum 
post-stripping or by post-bleaching with acid activated bleach-
ing earths. 3-MCPD are initiated during degumming and bleach-
ing but formed during the first stage of deodorization. Due to a 
higher stability, they can’t be easily degraded. The best way is 
therefore to avoid 3-MCPD formation by removing chlorine pre-
cursors, eliminating all traces of strong acidity and using opti-
mized bleaching conditions. 

Although much is known today about how to mitigate 
3-MCPD and GE during oil refining, the edible oil industry 
knows very little about how to mitigate these contaminants in 
oil modification.

Modification technologies involve substantial changes in 
physical behavior and structural characteristics of refined oils. 
Historically, the value of palm oil was increased by fraction-
ation, which was later combined with interesterification and 
hydrogenation, allowing large varieties of food fats to be for-
mulated. Oil modification processes have a common feature: 
They all change the melting properties of the oil but in differ-
ent ways. Fractionation is a physical process based on selec-
tive crystallization and separation, whereby two fractions are 
obtained with distinctly different physical properties and com-
position. In interesterification, either a chemical catalyst (most 
commonly, sodium methoxide), or an enzyme, catalytically 
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rearranges the position of the acyl groups on the glycerol back-
bone inside and between the various triglyceride molecules. 
Hydrogenation is a chemical process that reduces the unsatu-
ration of the acyl groups by saturating partially or totally the 
double bounds in the fatty acids. The million dollar question is 
how 3-MCPD and GE formation is affected during these various 
oil modification processes. 

DRY FRACTIONATION
Dry fractionation of palm oil is usually a multi-stage process; the 
obtained fractions (stearins, super stearins, soft and hard palm 
mid fractions (PMF), oleins, superoleins, among others) can be 
used for a wide range of food applications.  In fractions col-
lected from the double-stage process, significant variations are 
noticed (Fig. 1a, page 15), mostly with 3-MCPD > 2 ppm and GE 
> 1 ppm. Solid fractions are depleted in favor of liquid fractions.

Table 1 shows how 3-MCPD and GE distribute within the 
stearins, oleins, soft PMF, and superoleins during a single or a 
double-stage fractionation process. Like the diacylglycerols, 
3-MCPD and GE concentrate in the oleins and superoleins and 
all contents perfectly fit with the mass balance of the fraction-
ation yield. 

A relation (Eq. 1) allows the 3-MCPD and GE in the liquid 
fractions to be predicted based on their content in the feed 

and the percentage of crystallized oil (expressed as solid fat 
content of the slurry).

3-MCPD(GE) ppm in liquid fraction = 3-MCPD(GE) ppm  
in feed oil * (100/(100-% crystallized oil)) (1)

For instance, in order not to exceed 2 ppm of 3-MCPD and 
1 ppm of GE in a superolein (iodine value 64–65), maximal tol-
erated amounts in the feed olein (iodine value 56–57) will be, 
according to this equation, ~1.4 ppm and ~0.7 ppm, respectively 
(Fig. 1b). Mechanisms involved in the segregation of 3-MCPD 
and GE between the solid and liquid fractions combine selective 
co-crystallization of the most saturated 3-MCPD/GE with higher 
melting triacylglycerols and preferred solubility of the most 
unsaturated ones with lower melting triacylglycerols.

INTERESTERIFICATION
Sodium methoxide is mostly used as catalyst for chemical 
interesterification, favoring acyl migration on the glycerol; this 
catalyst creates strong alkaline conditions within the reac-
tion medium. Chemical interesterification is generally a batch 
process conducted at relatively high temperature (> 90°C); 
post-bleaching follows the catalyst inactivation. However, enzy-
matic interesterification allows to work at milder conditions; the 

TABLE 1. Distribution of 3-MCPD and GE contents between solid and liquid fractions from single- and double-stage dry 
fractionation of palm oil

First stage Palm Oil Palm Oil 
Iodine Value 52.1 53.9
Diacylglycerol (%) 8.4 10.3
3-MCPD (ppm) 4.0 7.0
GE (ppm) 11.4 6.3

Stearin Olein Stearin Olein 
Iodine Value 31.1 57.1 35.4 59.7
Diacylglycerol (%) 6.6 8.8 8.3 11.5
3-MCPD (ppm) 2.0 4.6 3.8 8.2
GE (ppm) 2.1 13.4 4 7.3
Fractionation yield (%) 19.2 80.8 25.6 74.4

Second stage Olein Olein 
Iodine Value 55.8 55.4
Diacylglycerol (%) 7.4 6.4
3-MCPD (ppm) 2.6 2.9
GE (ppm) 0.8 6.6

Soft PMF Superolein Soft PMF Superolein
Iodine Value 43.2 62.8 44.4 63.8
Diacylglycerol (%) 6.0 8.3 4.6 7.7
3-MCPD (ppm) 1.5 3.3 1.6 4.0
GE (ppm) 0.5 1.0 3.9 7.7
Fractionation yield (%) 33.7 66.3 43.3 56.7
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reaction is carried out usually in a continuous way in packed-bed 
reactors filled with immobilized enzyme at a typical temperature 
of 70°C.  In the strong alkaline conditions of the chemical inter-
esterification, fast and excessive formation of GE is observed 
(Fig. 2a); this goes with a fast and nearly complete degradation 
of the 3-MCPD. These drastic formation and degradation can be 
explained by nucleophilic substitution reactions initiated by the 
catalyst with the diacylyglycerols and the GE, respectively. 

GE can properly be reduced during post-bleaching only 
with acid activated bleaching earths and more specifically with 
sulfuric acid activated bleaching earths as the use of hydro-
chloric acid activated bleaching earths increases the 3-MCPD 
content again; in this case (Fig. 2b, page 18), values as low 

as 1.0 and 0.5 ppm, for 3-MCPD and GE respectively, can be 
obtained after post-deodorization (3 mbar/230°C). The milder 
conditions applied in enzymatic interesterification have rather 
a neutral effect on the 3-MCPD and GE contents. 

Figure 2c (page 18) shows that 3-MCPD levels are almost 
not modified while GE levels are slightly decreased, regardless 
of the quality of the incoming palm oil. As no 3-MCPD and GE 
degradation occurs during enzymatic interesterification, it is 
unlikely to form unhealthful by-products.

HYDROGENATION
Hydrogenation consists of partial or full conversion of unsatu-
rated fatty acids to saturated fatty acids using hydrogen and a 



18   •   inform   March 2018, Vol. 29 (3)   

nickel-based catalyst, the objective being to increase the melting 
point and the solid fat content profile of the oil; the hydrogena-
tion reaction is generally completed by a post-beaching to get 
rid of the nickel soaps. Due to negative health claims about the 
trans fatty acids that result from partial hydrogenation, current 
trends tend to prefer full hydrogenation which, combined with 
interesterification and/or fractionation, makes it possible to for-
mulate fatty products free of trans isomers. When following a 
full hydrogenation reaction by intermediate sampling of palm oil 
(Fig. 3a), one can notice a huge reduction of the GE content over 
time; GE become almost undetectable in the fully hydrogenated 
palm oil. On the contrary, reduction of the 3-MCPD content is 
limited. GE are most likely transformed into monoacylglycerols 
benefitting from the catalytic effect of the nickel. The very low 
GE content is preserved after post-bleaching, regardless of the 
bleaching earths that are used. However, natural bleaching earth 
is preferred to avoid a re-increase of the 3-MCPD content during 
post-deodorization (Fig. 3b). 

CONCLUSIONS ABOUT 3-MCPD 
AND GE IN OIL MODIFICATIONS
Figure 4 summarizes positive and negative aspects of oil mod-
ifications with regards to 3-MCPD and GE contents. In dry 
fractionation, 3-MCPD and GE accumulate in the liquid frac-
tions (oleins and superoleins). A strict mitigation during refin-

FIG 3a. 3-MCPD and GE contents (ppm) as a function of the time 
(min.) during full hydrogenation of palm oil [180°C; 3 bar H2; 250 
ppm Ni (Nysosel 880)].
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FIG. 2c. 3-MCPD and GE contents (ppm) of enzymatically interesterified and post-deodorized (3 mbar/230°C) palm oils
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FIG. 2b. 3-MCPD and GE contents (ppm) of chemically interesterified palm oil after post-bleaching with different types of bleaching earth

ing is necessary to limit their content already in the refined 
palm oil. Chemical interesterification might be seen as a way 
to decrease the 3-MCPD and GE contents providing that the 
post-bleaching is done with sulfuric acid activated bleach-
ing earth and post-deodorization is performed at mild tem-
perature. Enzymatic interesterification has rather a neutral 
effect; strict mitigation during refining is therefore mandatory.  
Finally, full hydrogenation might be seen as beneficial as it 
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allows a huge reduction of the GE content and a slight reduc-
tion of the 3-MCPD content. 

Food safety today is key in oil processing and the industry 
is already applying proper solutions to mitigate this new chal-
lenge. It is their duty to ensure that safe food oil is presented 
to the consumer.

Véronique Gibon is R&D Project Manager, Wim De Greyt is 
R&D Manager, and Marc Kellens is Global Technical Director 
at Desmet Ballestra Group (Belgium). Véronique Gibon can be 
reached at Veronique.Gibon@desmetballestra.com.

FIG. 3b. 3-MCPD and GE contents (ppm) of fully hydrogenated 
palm oil, post-bleached with natural bleaching earth and  
post-deodorized (3 mbar/230°C)
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FIG. 4. Summary of the positive and negative aspects of oil 
modifications with regards to 3-MCPD and GE contents
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Demand for bio-based products is progressively 
increasing due to ongoing consumer concerns about 
the safety of commercial products and their impact 
on the environment. Bio-based ingredients tend to 
be non-toxic (or less toxic), biodegradable, thermally 
stable, and sustainable, as they are typically derived 
from renewable or biological resources. To date, the 
BioPreferred program of the US Department of Agricul-
ture has identified 97 categories of bio-based products 
used in lubricants, household supplies, toys, printing 
inks, and bioplastics markets [1]. 

DESIGN OF POLY-PHENOLIC 
BRANCHED-CHAIN FATTY ACIDS
The bio-based poly-phenolic branched-chain fatty acids (poly-PBC-FAs) 
highlighted in this article (Fig. 1) are derivatives of fatty acids which have 
been successfully produced from two streams of renewable resources: 
natural phenolics (e.g., thymol, carvacrol, and creosote) and fatty acids 
derived from oils [2,3,4]. These two renewable resources were chosen 
because they are potent natural feedstocks having significant bioac-
tive properties. For instance, natural commercial phenolic compounds 

            Poly-phenolic  
        branched-chain  
   fatty acids as potential  
 bio-based, odorless, liquid 
       antimicrobial agents

Helen Ngo, Xuetong Fan, and Robert A. Moreau

• Poly-phenolic branched-chain fatty 
acids (poly-PBC-FAs) are a new group of 
bio-based materials derived from two 
streams of natural resources. 

• Poly-PBC-FAs containing both 
hydrophobic and hydrophilic properties 
can exhibit excellent antimicrobial 
activity against Gram-positive bacteria.

• Such materials are odorless and liquid 
at ambient temperature, which makes 
them easy to apply and handle.  
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such as thymol, carvacrol, vanillin, and vanillic acid are typi-
cally extracted from plants. They possess antimicrobial prop-
erties, probably due to the hydrophilic hydroxy groups on the 
lipophilic aromatic ring [5]. They are also considered to be as 
medicinal and flavoring agents. Thymol and carvacrol have 
been incorporated into polymer films and coatings to inacti-
vate bacteria [6]. A number of surface disinfecting products 
containing synthetic phenols and natural thymol has been 
approved by EPA and commercialized with claims of strong 
antibacterial and antiviral properties [6]. 

Although phenolics show significant bioactive properties, 
one of their drawbacks is the unpleasant strong odor which 
has limited their use in many consumer products. On the other 
hand, fatty acids derived from vegetable oils and waste oils 
are also excellent feedstocks for the production of bio-based 
products. Some well-known fatty acids such as capric acid 
(10-carbon) and caprylic acid (8-carbon) possess antimicrobial 
properties, probably because of their hydrophilic carboxylic 
acid head and a hydrophobic alkyl chain tail.  However, they 
are much weaker antimicrobials than many phenolic com-
pounds. In addition, some of these longer-chain fatty acids 
contain carbon-carbon double bonds on the alkyl chain which 
are not stable at elevated temperatures, thereby limiting them 
from being widely used. 

These drawbacks have provided a major opportunity for 
research development. Our method of combining two renew-
able resources creates poly-PBC-FAs with distinct advan-
tages over their original parent resources. These materials 
could potentially be used to create bio-based products with 
improved biodegradability, a lower impact on the environ-
ment, and higher efficacy with respect to inactivating harmful 
microorganisms. 

BIO-BASED PRODUCTS

Poly-Phenolic Branched-Chain Fatty Acids

Scalable efficient production reactions

Easy purification by wiped-film distillation 

Liquid at ambient temperature, odorless, non-volatile 

Advantages of poly-phenolic branched-chain fatty acids

FIG. 1. Poly-phenolic branched-chain fatty acids
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hydrolysis

fatty acids

FIG. 2. The chemical arylation process used to produce the poly-PBC-FA compounds

The chemical arylation process designed to produce 
these poly-PBC-FA materials has been evaluated in many dif-
ferent ways (Fig. 2). From thorough studies, it was found that 
this chemical reaction produces the poly-PBC-FA derivatives 
by linking the phenolics and fatty acids through a carbon-car-
bon bond. This is important, as the materials cannot easily 
revert back to their original form. The arylation reaction is also 
broad, which means that it can be coupled with many kinds of 
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fatty acids and phenolics to create a variety of poly-PBC-FAs. 
Recently, a new group of five different kinds of poly-PBC-FAs 
has been efficiently synthesized at a large scale. Highly efficient 
distillation methods have also been developed to purify the 
materials, achieving purities as high as 97%. The overall pro-
cess is environmentally friendly, as the reaction only requires 
the solid zeolite catalyst and distilled water. The zeolite cata-
lysts can be easily filtered and removed from the desired poly-
PBC-FAs. Most importantly, these interesting hybrid materials 
have both hydrophobic and hydrophilic properties which are 
important for use as antimicrobials. To the best of our knowl-
edge, our own work in this area is the only example of produc-
ing these poly-phenolic branched-chain fatty acids efficiently. 

POLY-PBC-FAS AS ANTIMICROBIALS
The end goal of designing poly-PBC-FAs is to take advantage of 
the bioactive properties of both the original natural phenolics and 
the fatty acids to create new antimicrobial agents. Research has 
shown that microorganisms such as Listeria and Escherichia coli 
have developed a strong resistance to currently used antimicrobi-
als and antibiotics. Therefore, the discovery of new antimicrobials 
is both urgent and imperative. The search for alternative antimi-
crobials is an ongoing effort by the international scientific commu-
nity, which favors natural and/or bio-based compounds because 
bacteria may have a smaller chance to develop resistance. Our 
preliminary investigations of poly-PBC-FAs have shown that these 
bioactive materials not only have antimicrobial properties, but 
also are far more effective than individual phenolic (i.e., thymol, 

carvacrol, phenol, and creosote) and parent fatty acids derived 
from soybean and safflower oils. 

For example, the minimum inhibitory concentration (MIC) 
against the Gram-positive bacteria Listeria innocua for the 
poly-PBC-FAs was only 8 ppm, while the MICs for the best phe-
nolic and parent fatty acids were >512 ppm. This effective low 
ppm level indicates that the poly-PBC-FAs are promising anti-
microbial agents. 

Furthermore, these poly-PBC-FAs are odorless, unlike their 
phenolic compound precursors, which typically have strong 
unpleasant odors. They are easier to handle and more environ-
mentally friendly than most current antimicrobial agents, and, 
most importantly, they can be produced at adequate yield at 
large scale and purified by distillation. 

This new family of unique bio-based antimicrobials display 
an array of phenolic functionalities which offer potential uses 
as important intermediates in the production of biodegradable 
lubricants, antimicrobials, antioxidants, and other potential 
industrial products.
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      PAGS: reducing ester  
               vulnerability  
    to hydrolysis 

Neil Canter

• Use of a specific polyalkylene glycol 
(PAG) architecture, triblock copolymer, 
dramatically improves the hydrolytic 
stability of vegetable oils and synthetic 
esters. 

• These PAGs display a significant viscosity 
increase in the presence of water.

• The effectiveness of the triblock copolymers 
might be due to their ability to act as 
polymeric sponges to absorb and trap water 
in lubricant compositions.

Esters have found widespread use in lubricants, 
and there is growing interest in using them for 
environmentally acceptable lubricants where 
their biodegradability meets existing regulatory 
requirements. While exhibiting good lubricity, 
an important class of ester-based lubricants, 
vegetable oils unfortunately are vulnerable to 
oxidation due to the presence of high levels of 
monounsaturates and polyunsaturates in the 
triglyceride structure. 

In a previous investigation, researchers blended a high-oleic 
canola oil with a polyalkylene glycol (PAG) [1]. Evaluation of the oxi-
dation- and sludge-generation characteristics of this blend showed 
it to be superior to the canola oil. The polar PAG showed improved 
deposit control by helping to solubilize oxidation byproducts of the 
ester, thereby keeping the fluid cleaner and extending fluid life. 

INDUSTRIAL OIL PRODUCTS
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One other concern with using esters is hydrolytic stabil-
ity. This vulnerability has become more apparent in the United 
States since the implementation of the Vessel General Permit 
(VGP) regulation by the US Environmental Protection Agency 
(EPA) in December 2013. VGP requires that environmentally 
acceptable lubricants be used in all applications where there is 
an interface between the lubricant and the sea. Further details 
on the regulation can be found in a recent article [2].

But contact between the lubricant and the sea can lead to 
premature failure due to hydrolysis. Martin Greaves, research 
leader at The Dow Chemical Co., Horgen, Switzerland, said, 
“Vegetable oils and synthetic esters are used in VGP applica-
tions, such as hydraulic fluids, gear lubricants, greases, and 
stern tube greases. We evaluated the hydrolytic stability of 
two vegetable oils (canola oil and sunflower oil) and three syn-
thetic esters (estolide, saturated trimethylolpropane [TMP] 
ester and TMP trioleate) using a modified ASTM D2619.” 

In this procedure, the esters were heated for 48 hours at 
93°C in the presence of 10% water and a copper coupon. An 
amine phosphate catalyst was added at 0.25% to artificially 
accelerate the hydrolysis.

Greaves said, “Without the catalyst, the esters were 
fairly stable and slow to hydrolyze. In practice, esters can oxi-
dize to form acidic components (or there is free acid remain-
ing from the ester manufacturing process), and it is this acid 
that we believe accelerates ester hydrolysis in the presence 
of water.” The researchers measured hydrolysis by evaluating 
the increase in total acid number (TAN) for each ester. Results 
for the four esters showed TAN increases ranging from 2.5–8.0 
milligrams of potassium hydroxide per gram of ester.

If an approach can be found to reduce the increase in TAN, 
then esters can more readily be used in water-sensitive appli-
cations such as marine lubricants. Such a strategy has now 
been developed. 

PAG TRIBLOCK COPOLYMER 
Greaves and his colleagues determined that addition of a spe-
cific PAG architecture up to a concentration of 10% in the veg-
etable oils and synthetic esters dramatically improves their 
hydrolytic stability. He said, “We decided to evaluate the use 
of PAGs because we know that PAGs are hygroscopic, but the 
water absorbed is latent water up to the polymer’s saturation 
point. In other words, it is not ‘free’ water but bound by the 
polymer structure through what we believe are simple hydro-
gen bonds. Our hypothesis was that carefully designed PAGs 
may be able to trap ‘free’ water within the polymer structure 
and render it inert or latent.” 

The researchers evaluated four types of PAG chemistries, 
including a homopolymer (polypropylene glycol monobu-
tyl ether) and three types of copolymers (random, block, and 
reverse block). Although homopolymers and random copoly-
mers are widely used in modern lubricants, blocks and reverse 
blocks are much less common and not so well researched. 
They found that an ethylene oxide/propylene oxide triblock 
copolymer improved the hydrolytic stability of the vegetable 
oils and synthetic esters by reducing the increase in TAN as 
shown from the ASTM D2619 test method. 

For example, Figure 1 shows the improvement in hydro-
lytic stability for canola oil when treated with a triblock copoly-
mer that has an ethylene oxide (EO), propylene oxide (PO) ratio 
of 30:70. A significant reduction in TAN increase is detected 
compared to a triblock copolymer with an EO:PO ratio of 
10:90, two PAG random copolymers, and polypropylene glycol 
monobutyl ether. 

The effectiveness of the triblock copolymer may be due, in 
part, to the unique rheology behavior of block PAG structures 
in the presence of water. For example, addition of water in 
random copolymers typically results in a viscosity decrease of 
the PAG, but some block structures show a significant viscosity 
increase. The oxyethylene block in the copolymer is believed 
to hydrate and swell via hydrogen bonds with water molecules. 

Greaves said, “We believe the behavior of the triblock 
copolymers when exposed to water may enable them to act as 
polymeric sponges. This result makes the triblock copolymers 
candidates for trapping water in lubricant compositions. One 
other benefit is that the PAG triblock copolymers are readily 
biodegradable.” 

Future work will assess the performance of the triblock 
copolymers over a longer period of time. Greaves said, “We 
also intend to evaluate the effectiveness of triblock copoly-
mers in field trials in an effort to validate the practical aspects 
of this invention.” Additional information can be found from 

FIG. 1. A triblock PAG copolymer with an ethylene oxide (EO) to 
propylene oxide (PO) ratio of 30:70 demonstrates the lowest 
increase in acid number, which means the best hydrolytic stabil-
ity, when used at a 10% treat rate in canola oil in testing that uses a 
modified ASTM D2619 procedure. (Figure courtesy of The Dow Chemical Co.)
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LIPID SNIPPETS
Q: Can you name three ways to design a process 
comparison of enzymatic degumming routes and 
conventional degumming of crude oils? 

They are: 
1. Analytical measurement of the reaction products
2. Mass balance using mass flow meters in crude oil 

and reacted gum tank
3. Inventory loss 

Q: Which of the three methods  is the easiest? Which 
is the least accurate? Which is essential during plant 
startup?

A: The answers to these questions and more handy 
information about enzymatic degumming can be found 
in the AOCS Lipid Library® at http://lipidlibrary.aocs.org/
OilsFats/content.cfm?ItemNumber=40324. 
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“ The best part 
of being an AOCS 
member is the 
networking and the 
quality of people 
that you meet. 
Membership in 
AOCS is important 
to me because of 
the opportunities 
it has provided 
to me over the 
course of my career 
in terms of new 
ideas to develop 
new products for 
chromatography.”

—LEN SIDISKY, 
R & D MANAGER, 

MILLIPORESIGMA, 
PENNSYLVANIA, USA
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Why do so many people choose AO
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“ I know there is a lot of competition for joining of trade organizations, but I really think AOCS is one of those 
organizations that you have to join, especially if you are in the fats and oil sector. Everybody is here. We are one of the 
oldest, most established and most credible organizations around and you get a lot of benefi t for your dollar with AOCS.” 

—DOUG BIBUS, LIPID TECHNOLOGIES, LLC, MINNESOTA, USA

“One of the 
highlights for me 

with AOCS is 
having a group 

of colleagues 
I interact with 

on a regular 
basis who 

have played a 
mentorship role 
for me and now 

I can play that 
same role back 
to other young 

scientists.”
—DOUGLAS HAYES, 

UNIVERSITY OF 
TENNESSEE, 

TENNESSEE, USA
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Ismail H. H. Abdalnabi graduated as a chemical engineer from the University of Khartoum (U of 
K) in Sudan 1971. After graduating, he joined the local vegetable oil and soap industry. He also 
earned a PhD (March 1982) and conducted research at the Chemical Engineering Department, 
Aston University, Birmingham, England. Since October 1982, Abdalnabi has taught and conducted 
research at the University of Gezira (UG), serving as Vice Chancellor (VC) for two terms: 2001–
2005; 2005–2009. He is currently a professor at the National Oilseed Processing Research Institute 
(NOPRI), UG. Following is an interview in which he NOPRI professor talks about the important and 
life-changing work he is doing in Africa.

     How AOCS networking 
advanced oilseed processing  
         throughout Africa

Q: Why did you join AOCS?
I knew the AOCS through JAOCS [Journal of the 

American Oil Chemists’ Society]. At Aston, it was a major ref-
erence, especially during my PhD research. From the Journal, 
I learned about the second AOCS World Conference at The 
Hague in October 1982. At that time, I was hired by UG and 
was about to travel to Sudan, but delayed that to attend the 
conference. Up to that time, I was not aware of the importance 
of joining the Society; however, at The Hague, I met delegates 
from government, universities, and the private sector. A tour 
of the accompanying exhibition inspired an idea to establish an 
oilseed pilot plant at the UG. Having spoken to some delegates 
about this and about glandless cotton, I felt that the AOCS was 
where I belonged, so I signed up at the conference, effective 
January 1983. 

Q: Describe your involvement with AOCS
After The Hague, I joined the Department of Applied 

Chemistry and Chemical Technology (ACC), Faculty of Science 
and Technology (FST), UG. At the ACCT, I presented the pilot 
plant proposal in December 1982 to UG. A research group was 
formed from ACCT, Faculty of Agricultural Sciences (FAS), UG, 
and the Agricultural Research Corporation (ARC), Ministry of 
Agriculture. Activities included MSc and PhD research, in addi-
tion to presentations at local and international seminars and 
conferences. A notable example of the activities in this group is 
the establishment of NAPRECA, the Natural Products Research 
Network for East and Central Africa. Through ACCT involve-
ment, Sudan was a founding member in July 1984. NAPRECA 
is now a UNESCO affiliate and is doing a great job in research 

and training of African scientists. A link with Upsala University, 
Sweden, was also one of the activities of this group, and the 
late Professor Lars Appelqvist was instrumental to its success.

Meanwhile, contacting AOCS members revealed that Ed 
Lusas was also establishing a pilot plant for oilseed extraction 
and oil refining at College Station, Texas. An invitation from Dr. 
Lusas enabled me to join the Food Protein R&D Center (now 
the Process Engineering R&D Center, PERC) at College Station, 
Texas A&M University. There, I worked with him and KC Rhee 
on castor pomace detoxification. In addition to the knowledge 
I gained, a discussion with Ed Lusas about our pilot plant pro-
posal was of great value. He advised establishing a center for 
oilseed processing research and indicated the importance of 
such a center for the whole of Africa. Thus, a Center was estab-
lished at FST-UG in 1990, which was promoted to NOPRI in 
1994. All of this was achieved because of the networking that 
was made possible by joining the Society.

The international exposure brought by attending AOCS 
conferences also resulted in new areas of cooperation. The 
JAOCS carried news about the progress of PORIM, the Palm Oil 
Institute of Malaysia, changed to MPOB, Malaysian Palm Oil 
Board, since 2000. Our contact with PORIM started in 1993. 
Having attended all PORIM courses, I enrolled in the second 
Intensive Diploma of Oil Palm Management and Technology 
(IDOPMT) in July 2000, with the intention of becoming a full-
time oil palm technologist. I passed the IDOPMT, but those 
intentions were interrupted by my appointment as VC of UG. 
However, NOPRI went on to strengthen its oil palm research by 
establishing the Oil Palm Research Center within the Institute, 
and made new links with the University of Malaya on oil palm 
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hybrids. Now, NOPRI has a model one-acre oil palm farm. This 
is vital to NOPRI in its research on oil-bearing trees, which form 
an important source of vegetable oil in a number of Sudanese 
States. 

Q: What have been some of your most meaningful AOCS 
experiences?

I have attended a number of AOCS conferences and each 
brought a new experience. However, my recent visit to the 
AOCS headquarters in Urbana stands out as the one memora-
ble experience. For a start, it was pleasing to know how well 
the idea of the visit was received. The meeting itself was well 
prepared, the level of attendance was high and the discussion 
was immensely useful. There was a feeling that everyone was 
eager to help in our endeavor to establish an AOCS African 
Section. The support gained from the meeting enabled us to 
proceed confidently and establish new contacts.

Q: Tell us about your work/job function and explain 
the connection between your work and how being 

involved with AOCS has shaped your career or brought value 
back to the workplace?

I have assumed a number of responsibilities within UG: 
from head ACCT, to deputy dean FST, to dean FST, to dean 
NOPRI, to VC of UG. The networking experience gained 
through AOCS was a great help to me in all those positions. 
The journals and AOCS Press books also provided valuable 
information, especially for graduate research.

The AOCS exposure was an asset in our dealing with inter-
national organizations. Our fundraising efforts led us to the 
Islamic Development Bank, IDB, Jeddah; a grant of $285,000 
was approved to NOPRI and our staff followed it to comple-
tion. This was how the pilot plant was setup, the labs modern-
ized and staff training abroad made possible. A special tribute 
must be paid here to the late engineer Raad Dafallah and Dr. 
Atif Yasin for their crucial role in making the project a success.

Our knowledge about United States Department of 
Agriculture-Agricultural Research Service Centers came 
through JAOCS and conference meetings. This helped us model 
NOPRI branches in north, northeast, southeast, and west 
Sudan. The aim is to decentralize research and bring more con-
tributions from those rural areas, in addition to coordinating 
with local government and the local oilseed industry in their 
regions.

The Library at NOPRI includes AOCS journals and books, 
in addition to MPOB books and literature. It is certainly the 
only specialized oils and fats library in Sudan and is providing 
an important service to researchers and graduate students. 
NOPRI also uses AOCS methods in its research and in its ser-
vice to industry. Recently, NOPRI was recognized as a center of 
excellence by the Sudanese Ministry of Higher Education and 
Scientific Research; one of the reasons cited was the excel-
lence of the library and its being up-to-date through AOCS 
journals, books, and electronic AOCS books and journals.

Continued on page 33 
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A world without glyphosate

Laura Cassiday

The herbicide glyphosate has been a boon to many farmers worldwide, especially with the 
introduction of glyphosate-resistant, genetically modified crops in 1996. Glyphosate kills both grass 
and broadleaf weeds, while sparing crops that were genetically engineered to produce a bacterial 
enzyme that makes them resistant to the herbicide. However, environmental groups such as 
Greenpeace and some global governmental bodies oppose the use of glyphosate, citing concerns 
over human health and the environment. Recently, a study by Graham Brookes at PG Economics, in 
Dorchester, UK, and colleagues at Purdue University, in West Lafayette, Indiana, USA, explored the 
global implications of a worldwide glyphosate ban (Brookes, G., et al., http://dx.doi.org/10.1080/2
1645698.2017.1390637, 2017). 

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

The global cultivation of genetically modified, herbi-
cide-resistant (GM HT) crops reached 147.9 million hectares in 
2015. At this time, thirteen countries had adopted the technol-
ogy. The United States led the way, with GM HT crops compris-
ing 43% of the country’s total plantings. Current GM HT crops 
include soybeans, corn, cotton, canola, sugar beets, and alfalfa. 

In 2015, the International Agency for Research on Cancer 
(IARC) classified glyphosate at “probably carcinogenic to 
humans,” prompting some governments to consider restrict-

ing the use of glyphosate in agriculture. In 2016, the National 
Academies of Science reviewed more than 900 studies of GM 
crops over a 20-year period, concluding that the crops are 
safe for humans and animals to consume and are not linked to 
allergies or any diseases (http://dx.doi.org/10.17226/23395). 
Similarly, the United States Environmental Protection Agency 
and the European Food Safety Authority have stated that gly-
phosate is unlikely to be carcinogenic. In November 2017, the 
European Commission narrowly voted to renew glyphosate’s 
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license in the European Union for another 5 years. However, 
the fate of glyphosate in some countries that are contemplat-
ing a ban, including Germany, is uncertain.

In their study, Brookes and colleagues assessed the impact 
of a worldwide glyphosate ban that would force farmers to 
replace current GM HT crops with conventional seed technol-
ogy. At the farm level, they found that such a ban would result 
in an annual loss of global farm income of $6.76 billion USD. 
The United States would be the biggest loser, with an annual 
loss of about $3.39 billion, followed by Argentina, Brazil, and 
Canada. Global annual production of soybeans, corn, and 
canola would decrease by 18.6 million metric tons, 3.1 mil-
lion metric tons, and 1.44 million metric tons, respectively. 
Argentina would account for 55% of the production loss for 
soybeans because farmers would likely switch from reduced or 
no tillage production systems to conventional tillage to achieve 
good weed control without glyphosate. This would extend 
the growing season for soybeans, so that farmers in Argentina 
would no longer be able to plant an additional soybean crop 
after wheat in the same season.

Contrary to what some may expect, Brookes’ analysis 
indicated that a glyphosate ban could actually have a nega-
tive impact on the environment. The use of non-glyphosate 
herbicides would increase by 8.2 million kg of active ingre-
dient (1.7%). This would result in a 12.4% increased environ-
mental impact, as measured by the Environmental Impact 
Quotient (EIQ), since glyphosate is generally more environ-
mentally benign than the herbicides that would replace it. In 
addition, a switch from glyphosate to conventional herbicides 
would result in increased fuel usage due to more frequent 
herbicide applications and soil tillage to control weeds. Less 
carbon would be sequestered in the soil. Together, the higher 
fuel usage and decreased soil carbon sequestration would be 
equivalent to adding 11.77 million cars to the roads.

To analyze impacts of a glyphosate ban on the global econ-
omy, the researchers entered the data from the farm-level 
impacts (described above) into an economic model called the 
Computable General Equilibrium (CGE) model GTAP-BIO, which 
takes into account linkages in the global economy. In this model, 
a glyphosate ban would decrease global production of soybeans 
and canola by 3.7% and 0.7%, respectively, partially offset by 
increases in other oilseeds (particularly palm oil). Global prices of 
soybeans, canola, palm fruit, and other oilseeds would increase 
by 5.4%, 2%, 0.9%, and 1.1%, respectively.

The researchers examined the annual welfare impacts 
of banning glyphosate for different countries. Included in the 
total welfare impact were efficiency losses and terms of trade. 
The major welfare losers were China ($2.14 billion; mainly due 
to a reliance on large volumes of oilseed imports, which will 
have higher prices), the United States ($1.87 billion; due to 
efficiency losses that are partially offset by higher prices for 
exports), the European Union, South America, and Japan. A 
glyphosate ban would result in land use changes, with an addi-
tional cropping area of 762,000 hectares, including 167,000 
hectares of deforestation.

Although Brookes’ analyses are predictions and not cer-
tainties, the models rely on data from the world’s 20-plus years 
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of experience with glyphosate and GM HT crops. Glyphosate 
has become a favorite scapegoat of environmental activists for 
a host of health and environmental woes. However, Brookes’ 
analysis suggests that these activists should be careful what 
they wish for. In the face of a glyphosate ban, farmers will likely 
turn to less efficient herbicides and farming practices that 
could negatively impact crop production, increase food prices, 
and harm the environment.

Olio is produced by Inform’s associate editor, Laura Cassiday. She 
can be contacted at laura.cassiday@aocs.org.
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EFSA updates and refines risk 
assessments for fats- and  
oils-related compounds

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

The established TDI of 2 μg/kg bw per day is not exceeded 
in the adult population. A slight exceedance of the TDI was 
observed in the high consumers of the younger age groups and 
in particular for the scenarios on infants receiving formula only.

CHILDREN’S EXPOSURE TO SUCROSE 
ESTERS OF FATTY ACIDS (E 473) 
EXCEEDS ACCEPTABLE DAILY INTAKE 
This summary is from EFSA J. 16: 5087, 2018  
(https://doi.org/10.2903/j.efsa.2018.5087), and has been 
modified and republished for under the terms of Creative 
Commons, http://creativecommons.org/licenses/by/4.0/. 
Following a request from the European Commission, the EFSA 

Panel on Food Additives and Nutrient Sources added to 
Food (ANS) performed a refined exposure assess-

ment of sucrose esters of fatty acids (E 473) when 
used as a food additive. The Panel was not pro-

vided with a newly submitted dossier and 
based this assessment on concentration data 
available following a public call for data.

Sucrose esters of fatty acids (E 473) is 
an authorized food additive in the European 

Union (EU) according to Annex II to Regulation 
(EC) No 1333/2008.

The Panel previously adopted several sci-
entific opinions on the safety of sucrose esters of 

fatty acids (E 473). In 2010, the ANS Panel concluded 
that, based on the concentration data available, the use of 
sucrose esters of fatty acids (E 473) may lead to an exposure in 
excess of the acceptable daily intake (ADI) of 40 mg/kg body 
weight (bw) per day for sucrose esters of fatty acids (E 473) and 
sucroglycerides (E 474) established by EFSA in 2004. In 2012, 
an update on the exposure assessment of sucrose esters of 
fatty acids (E 473) was delivered as new concentration data 
were submitted to the European Food Safety Authority (EFSA) 
providing use levels of sucrose esters of fatty acids as a sur-

ONE UPDATE MORE THAN DOUBLES 
TOLERABLE DAILY INTAKE OF 3-MCPD 
This summary was excerpted from EFSA J. 16: 5083, 2018 
(https://doi.org/10.2903/j.efsa.2018.5083), and has been 
republished under the terms of Creative Commons,  
http://creativecommons.org/licenses/by/4.0/. 
The EFSA Panel on Contaminants in the Food Chain (CONTAM) 
updated the assessment of the risks for human health related 
to the presence of 3-monochloropropane diol (3-MCPD) and 
its fatty acid esters in food published in 2016 in view of the sci-
entific divergence identified in the establishment of the tolera-
ble daily intake (TDI) in the Joint FAO/WHO Expert Committee 
on Food Additives and Contaminants (FAO/WHO) report pub-
lished in 2017. In this update, dose–response analysis 
was performed following the recent EFSA Scientific 
Committee guidance on the use of benchmark 
dose (BMD) approach in risk assessment, and 
a review of available data on developmental 
and reproduction toxicity was included. 

The outcome of this review indi-
cates that in rats short-term exposure to 
3-MCPD above 1 mg/kg body weight (bw) 
per day can induce reduced sperm motil-
ity associated with reduced male fecundity. 
Decreased sperm count and histopatholog-
ical changes in the testis and epididymis were 
observed following longer treatment periods 
at higher doses. Regarding increased incidence kid-
ney tubular hyperplasia, BMD analysis using model averag-
ing resulted in a BMDL10 of 0.20 mg/kg bw per day in male 
rats, which was selected as the new Reference Point (RP) for 
renal effects. For the effects on male fertility, decreased sperm 
motility was selected as the most sensitive relevant endpoint 
and a BMDL05 of 0.44 mg/kg bw per day was calculated. The 
RP for renal effects was considered to derive an updated group 
TDI of 2 μg/kg bw per day for 3-MCPD and its fatty acid esters 
and was considered protective also for effects on male fertility. 
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face treatment for fresh fruits and the resulting residual 
levels in fruit. This assessment also resulted in exposure 
estimates of sucrose esters of fatty acids (E 473) exceed-
ing the ADI, although considerably lower than those esti-
mated in 2010.

In 2014, EFSA launched a public call for data aiming 
at collecting reported use levels from industry or ana-
lytical data on several food additives, including sucrose 
esters of fatty acids (E 473). Use levels were reported 
by industry. Added to these new data, information on 
the presence of food additives on the label of foods 
was retrieved from the Mintel’s Global New Products 
Database (GNPD), an online database monitoring new 
introductions of packaged goods in the market world-
wide. Furthermore, compared to the 2012 opinion, new 
consumption data were available through the EFSA 
Comprehensive Database.

Dietary exposure to sucrose esters of fatty acids (E 
473) from its use as a food additive was assessed through 
different scenarios: maximum regulatory exposure 
assessment scenario and several refined exposure assess-
ment scenarios. The Panel identified brand loyalty to cer-
tain types of flavored drinks in which the use of sucrose 
esters of fatty acids (E 473) is authorized and therefore 
selected the refined brand loyal scenario as the most rel-
evant exposure scenario for its safety evaluation.

The highest mean and 95th percentile refined expo-
sure estimates in the brand-loyal scenario were 54 and 
124 mg/kg bw per day, respectively, in toddlers (12–35 
months) and children (3–9 years). The main contributing 
food category to the exposure in this scenario was fine 
bakery wares for all population groups. In children and 
adolescents, also flavored drinks, only dairy-based and 
almond drinks, contributed largely to the exposure.

In all exposure scenarios, it was assumed that all 
foods belonging to a food category for which use lev-
els were provided contained sucrose esters of fatty acids 
(E 473), whereas information from the Mintel’s GNPD 
showed that the additive was used in only a small per-
centage of the foods.

The Panel concluded that the exposure to sucrose 
esters of fatty acids (E 473) exceeded the ADI of 40 mg/
kg bw per day for many population groups; especially tod-
dlers and children, and that assuming that sucrose esters 
of fatty acids (E 473) is not used in the 24 food catego-
ries where data was not provided, the current exposure 
estimates very likely overestimate the real exposure to 
sucrose esters of fatty acids (E 473).

Thus, the Panel recommends the collection of more 
detailed data (reported use levels from industry) for the 
food categories contributing most to the exposure to 
sucrose esters of fatty acids (E 473): fine bakery wares 
and certain types of flavored drinks. These data should 
allow for a more precise mapping of use levels to foods as 
recorded in the EFSA Comprehensive Database, and thus 
result in more realistic estimates of exposure to sucrose 
esters of fatty acids (E 473) via food.

Q: Describe your research and explain what big chal-
lenge or problem your work is trying to solve. How do 

you hope AOCS can help in solving this challenge?
Research at NOPRI studies oils from varied sources for 

varied uses. The sources include annuals, perennials (shrubs 
and trees), and other sources such as insects. These may 
be used for food, biofuel, medical, or pharmaceutical pur-
poses. The sources may be established oilseed crops or ones 
that are unconventional or underutilized. My main area of 
research investigates developing new oil sources as well as 
new uses for other sources. Special attention is paid to aro-
matic plants, for their importance in international trade, 
especially Basil, Ocimum basilicum. Tree oils are also finding 
increased interest. A new research area deals with oils from 
horticultural crops, such as onions and carrots; reports indi-
cate high levels of antioxidants in those oils.

Glandless cotton is an important area of research at 
NOPRI. Low-gossypol seeds yield a safe oil and a high-qual-
ity protein. Our main emphasis is to use this valuable food 
source for fighting hunger and alleviating poverty and malnu-
trition in children in rural areas. This entails activating NOPRI 
branches in those areas to rally support from the local com-
munities for this noble goal.

The study of pesticide residues in oilseeds and their 
products is one of our major concerns, because they pose a 
major public health risk. Research on castor falls under this 
category.

Our work on the Africa Section introduced us to the 
PeanutBase and the International Peanut Community. This is 
an exciting new networking area, which we intend to utilize 
fully.

Graduate research at NOPRI does not include courses; a 
committee was recently set up by the VC of UG to look into 
introducing postgraduate diploma and masters via courses 
and a dissertation in oilseed science and technology. If this is 
achieved, it is expected to enable NOPRI to better serve the 
industry as well as those interested in oils and fats research 
and attract international students.

An oilseeds incubator has always been high on NOPRI’s 
agenda. This was recently approved by the Sudanese Ministry 
of Higher Education and Scientific Research. It would make 
more people linked to investment and research in oilseeds 
and their products.

A special challenge is to translate our findings and those 
in the literature into the Arabic language; this would cre-
ate wider coverage and enable those who have no access to 
English to keep informed. The AOCS Latin American Section 
offers a similar encouraging model.

The AOCS can certainly play a vital role through net-
working. inform|connect represents such a possibility. In 
addition, the Society can help by asking interested members 
to contribute ideas or suggestions to AOCS platforms. This 
would spread the word and make more people aware of how 
to help.

MEMBER SPOTLIGHT
Continued from page 29
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Leslie Kleiner

In the US, with busy schedules and long 
commutes, it is common to replace meals with 
snacks. Therefore, in order to increase snacking 
options, the food industry has been introducing 
new concepts that provide snacking alternatives. 
These concepts may include healthy snacks that 
focus on wholesome nutrition, mini-meals that 
deliver flavor and mouthfeel, and vegan products 
that promote ethical treatment of animals without 
compromising nutrition and flavor.  In order to 
learn about snacking globally and in LATAM, I 
consulted a recent report from global market 
intelligence agency Mintel. The report was entitled 
“Snacking opportunities”, and it was written by 
Stephanie Mattucci, Associate Director, Food 
Science, in October 2017. The following Q&A is 
extracted from this report.

2017 Snacking 
in LATAM

Latin America Update 
is a regular Inform 

column that features 
information about 

fats, oils, and related 
materials in that region.

Q:  From a global perspective,  
how do people snack? 

Snacking may be a solution to overloaded schedules, long com-
mutes, or other restrictions that interfere with the time needed to 
prepare meals and sit down to enjoy them.  Since snacking relies on 
ready-to-eat offerings, many consumers demand that these prod-
ucts comply with “healthy snacking”. In the US, 32% of consumers 
say that they eat healthy snacks, while in other regions of the world 
there is strong demand for shifting current products to their health-
ier versions. For example, 33% of Canadian consumers agree that 
they are interested in fortified snacks that would deliver specific 
health benefits. In the UK, 53% of consumers would prefer health-
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ier options of their current snacks, without affecting flavor. 
Similarly, 37% of Spaniard consumers would prefer low-fat, 
or low-calories salty snacks, such as crisps and nuts. Similarly, 
consumers worldwide are interested in superfoods and func-
tional ingredients that would enhance the nutritional value 
of the snack. For this, sprouts, probiotics, dark chocolate, and 
other ingredients are incorporated in new product launches. 
In fact, for emotionally driven consumers that snack to relieve 
stress or boredom, chocolate has been promoted not only for 
health, but to improve moods. 

Q:  What does LATAM snack on and how does this com-
pare to snacking in the United States?

Data from October 2014 to September 2017 shows that in 
LATAM nuts are leadings snacks (14%). These are followed by 
cereals and bars (13%), fruit snacks (12%), potato snacks (10%), 
corn-based snacks (9%), popcorn (7%), wheat/other grain 
snacks (6%), snack mixes (5%), canapes (5%), and Cassava/
other root snacks (4%). In the US, cereal and energy bars are 
the lead snack (19%), followed by nuts (10%), fruit snacks (8%), 
potato snacks (6%), snack mixes (6%),  wheat/other cereal 
snacks (6%), corn-based snacks (6%), canapes (6%), popcorn 
(5%) and meat snacks (4%). 

Q:  Is snacking considered a treat  
or part of a meal plan?

In the US, 50% of consumers snack to give themselves a 
treat. In Canada, 32% of consumers include snacks as part of a 
five-small-meal daily plan, which is perceived as healthier than 
a large-three-meal daily plan. Also in Canada, 29% of consum-
ers think of snacks as good meal replacements when time does 
not allow full meals. In Brazil, 48% of consumers snack to sat-
isfy hunger between meals, while 29% of consumers some-
times choose snacking over preparing meals. 

  

Q: Globally, is “natural/ organic/ non-GMO/ and other 
clean label identifiers” important in snacks?

Global data from October 2014 to September 2017 shows 
that when comparing “snack food and drink products” with 
“all food and drink products”, organic are equally implemented 
labels in both categories, while “no additives/preservatives, 
GMO-free, gluten-free, low/no/reduced allergen, wholegrain, 
high/added fiber and high/added protein are more prominent 
in “snack food and drink products” than “all food and drink 
products”. In addition, dairy-free claims and free-from claims 
are growing in both categories.

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

AOCS MEETING WATCH
May 6–9, 2018. AOCS Annual Meeting & Expo, 
Minneapolis Convention Center, Minneapolis, 
Minnesota, USA.

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

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

May 5–8, 2019. AOCS Annual Meeting & Expo, 
Cervantes Convention Center at America’s Center,  
St. Louis, Missouri, 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: +1 217-693-4843).



36   •   inform   March 2018, Vol. 29 (3)   

PATENTS
Reduced color epoxidized esters from 
epoxidized natural fats and oils 
Howard, S., et al., Archer Daniels Midland Co., US9708571, July 
18, 2017
 Reduced color epoxidized fatty acid esters are provided which 
may be used as primary plasticizers for PVC, in replacement of 
phthalate plasticizers. The reduced color epoxidized fatty acid 
esters are prepared from natural fats or oils by transesterification 
and interesterification processes, whereby through the use of boro-
hydride, materials having Pt-Co colors according to ASTM D1209 
on the order of 50 and lower are possible.

Method of preparing a cake using 
phospholipase 
Van Haesendonck, I., et al., Puratos NV, US9717255, August 1, 2017
 The quality of a cake quality may deteriorate if the amount of 
eggs in the recipe is reduced. This deterioration can be counter-
acted by adding a phospholipase to the cake batter, as seen by an 
increased cake volume and improved cake properties after storage, 
e.g., increased cohesiveness, increased springiness, and increased 
elasticity. The cake quality (as measured by these parameters) 
can be further improved, even up to the level of the original cake, 
by adding a non-egg protein together with the phospholipase. 
Accordingly, a cake is prepared by a method, comprising: a) prepar-
ing a cake batter by mixing cake batter ingredients, said ingredients 
comprising non-phospholipase treated egg lecithin and phospholi-
pase, and b) baking the cake batter to make the cake.

Blocked bio-based carboxylic acids and 
their use in thermosetting materials 
Webster, D.C., et al., NDSU Research Foundation, US9718987, 
August 1, 2017
 This invention relates to bio-based polyfunctional carbox-
ylic acids reacted with vinyl ether compounds to form liquid vinyl-
blocked bio-based polyfunctional carboxylic acids. These liquid 
vinyl-blocked bio-based polyfunctional carboxylic acids can be 
mixed with a polyfunctional vegetable oil-based epoxy resin to 
form a homogeneous curable coating composition. Upon curing at 
elevated temperature, thermoset coatings are formed which have 
excellent hardness, solvent resistance, adhesion, and flexibility. 
The invention also relates to the use of a curable coating compo-
sition comprising at least one polyfunctional vegetable oil-based 
epoxy resin and at least one vinyl-blocked bio-based polyfunctional 
carboxylic acid, which may be coated onto a substrate and cured 
thermally. Methods of making the vinyl-blocked bio-based poly-
functional carboxylic acids and curable coating compositions and 
substrates containing the same are also disclosed.

Chewable lipid supplements 
containing caffeine for increasing 
alertness, focus, and energy
Settineri, R., Allergy Research Group, LLC, US9717734, August 1, 
2017
 Flavored chewable wafers containing caffeine suitable for 
increasing alertness and allowing an individual to perform tasks 
in a more focused and energetic manner comprise formulations of 
phospholipids, specifically identified concentrations of phosphati-
dylglycerol, phosphatidic acid, phosphatidylethanolamine, phos-
phatidylcholine, glycolipids, and phosphatidylserine, along with 
inulin and other desirable active ingredients.

The present invention relates to 
extracted plant lipid or microbial 
lipid comprising docosapentaenoic 
acid, and processes for producing the 
extracted lipid.
Petrie, J.R., et al., Commonwealth scientific and Industrial 
Research Organisation, Grains Research and Development Corp., 
and Nuseed Pty. Ltd., US9718759, August 1, 2017
 The present invention relates to extracted plant lipid or micro-
bial lipid comprising docosapentaenoic acid, and processes for pro-
ducing the extracted lipid.

Method for producing oxo fatty acid 
and rare fatty acid 
Ogawa, J., et al., Kyoto University and Nitto Pharmaceutical 
Industries, Ltd., US9719115, August 1, 2017
 The present invention provides a production method of oxo 
fatty acid, as well as rare fatty acids such as conjugated fatty acid, 
hydroxylated fatty acid, partially saturated fatty acid, and the like, 
which uses four kinds of enzymes (fatty acid-hydratase, hydroxyl-
ated fatty acid-dehydrogenase, oxo fatty acid-isomerase, oxo fatty 
acid-enone reductase) derived from Lactobacillus plantarum includ-
ing lactic acid bacteria and the like. Furthermore, the present inven-
tion also provides a more efficient production method of oxo fatty 
acid and the like, which partly uses a chemical oxidation reaction in 
combination.

Confectionery product 
Kearsley, M., Mondelez UK Holdings & Services Ltd., US9723855, 
August 8, 2017
 The invention relates to a confectionery product compris-
ing a plurality of beads, each bead comprising an aqueous core, 
a hydrophobic first coating layer surrounding the aqueous core, 
and a hydrophilic second coating layer surrounding the first coat-
ing layer; to a confectionery product comprising these beads. The 
invention also relates to a method of production thereof.
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Topical oily foam compositions 
Arnon, M.N., et al., Perrigo Israel Pharmaceuticals Ltd., 
US9724324, August 8, 2017
 Topical alcohol-free thermo-labile oily foam composition 
comprising (i) at least one active pharmaceutical ingredient or 
ectoparasitic active ingredient;(ii) at least about 20% w/w of at least 
one lipophilic component;(iii) at least about 10% w/w of at least 
one non-ionic surfactant;(iv) at least about 0.5% w/w of at least one 
fatty alcohol or fatty acid or ester thereof with melting point above 
30°C, and;(v) at least about 7% w/w of propellant selected from 
propane, butane, isobutane and combinations thereof;  said com-
position optionally comprising at least about 5% to about 70% w/w 
of a hydrophilic component, optionally comprising up to about 
5% w/w hydrogenated oil and optionally comprising a penetration 
enhancer.

Lipid comprising long-chain 
polyunsaturated fatty acids 
Petrie, J.R., et al., Commonwealth scientific and Industrial 
Research Organisation, Nuseed Pty. Ltd., and Grains Research and 
Development Corp., US9725399, August 8, 2017
 The present invention relates to extracted plant lipid or micro-
bial lipid comprising docosahexaenoic acid, and/or docosapentae-
noic acid, and processes for producing the extracted lipid.

Blown corn stillage oil 
Hora, M.J., et al., Cargill, Inc., US9725674, August 8, 2017
 Blown corn stillage oils and methods for making blown corn 
stillage oils are disclosed. In one aspect the corn stillage oils are 
stripped to reduce the acid value of the resulting blown, stripped 
corn stillage oil. The method includes heating a corn stillage oil to a 
temperature of at least 90°C, and passing air through the heated oil 
to produce a blown corn stillage oil having a viscosity of at least 50 
cSt at 40°C. In one aspect, the blown corn stillage oil is stripped to 
reduce the acid value of the blown, stripped corn stillage oil to 5 mg 
KOH/gram or less.

Functional fluid 
Cox, R., Thos. Bentley & Son Ltd., US9731259, August 15, 2017
 A functional fluid useful as an emulsion in a cleaning product 
or a personal care product is the esterification reaction product of 
a) a triglyceride or a fatty acid or a methyl ester of a fatty acid, and 
b) an alcohol which comprises b1) a polyglycerol having at least 3 
glycerol units (preferably polyglycerol-4), and b2) glycerol and/or 
diglycerol. The functional fluid is effective as a stabilizer and as an 
emulsifier for o/w and w/o emulsions. When a triglyceride is used 
as a reactant, glycerol and fatty acids are generated in situ by an 
interesterification reaction. Preferred functional fluids provide the 
significant benefit that they may be mixed into an oil phase and in 
a water phase before such phases are mixed together, and that such 
processing may be carried out at ambient temperature.

Liposomes useful for drug delivery to 
the brain 
Drummond, D.C., et al., Ipsen Biopharm Ltd., US9737528, August 
22, 2017
 The present invention provides liposome compositions con-
taining substituted ammonium and/or polyanion, and optionally 
with a desired therapeutic or imaging entity. The present invention 
also provides methods of making the liposome compositions pro-
vided by the present invention. The present invention also provides 
for the methods and kits for the delivery of liposomal compositions 
to the brain.

Ink composition  
McManus, R.J., et al., Hewlett-Packard Development Co., LP, 
US9738804, August 22, 2017
 An ink composition includes colorant, hydroxylated and 
non-hydroxylated co-solvents, and water. A weight percent ratio of 
hydroxylated to non-hydroxylated co-solvents ranges from 46:54 to 
about 62:38. The composition also includes an acid and a polyure-
thane copolymer binder. The acid is selected from the group con-
sisting of oleic acid, linoleic acid, undecanoic acid, dodecanoic acid, 
tridecanoic acid, and combinations thereof. The binder is formed 
from the polymerization of a diisocyanate and at least three diols 
including a first diol containing a hydrophilic stabilizing group, and 
a second diol having less than 8 atoms in a backbone chain between 
two hydroxyl groups. A mole percentage of the second diol is at 
least 30% of a total mole percentage of diol monomers in the binder. 
An acid number of the binder ranges from 50 to 75. The composi-
tion also includes lithium present in an amount ranging from about 
50 to about 400 ppm.

High-density diamondoid fuels from 
renewable oils, triglycerides, and fatty 
acids 
Harvey, B.G., US Navy, US9738843, August 22, 2017
 A method for making high density fuels including, heating 
a renewable plant oil, triglyceride, or fatty acid with at least one 
first acid catalyst to generate a first mixture of alkyladamantanes, 
increasing reaction time or adding at least one second catalysts to 
a first mixture of alkyladamantanes to produce a second alkylad-
amantane mixture, separating methyl, ethyl, propyl, and/or butyl 
adamantanes from a second alkyladamantane mixture to produce a 
third adamantane mixture to produce fuels.

Patent information was compiled by Scott 
Bloomer, a registered US patent agent and 
Director, Technical Services at AOCS. Contact  
him at scott.bloomer@aocs.org.
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Bookmark: http://
onlinelibrary.wiley.
com/journal/10.1002/
(ISSN)1558-9307
• Lipid rafts promote 

trans fatty acid-
induced inflammation 
in human umbilical vein 
endothelial cells, Pan, 
Y., B. Liu, and Z. Deng, et 
al., Lipids 52: 27, 2017, 
http://onlinelibrary.
wiley.com/doi/10.1007/
s11745-016-4213-2/full

• Phospholipidomic 
analysis reveals changes in sphingomyelin and 
lysophosphatidylcholine profiles in plasma from patients 
with neuroborreliosis, Łuczaj, W., P. Domingues, and 
M.R. Domingues, et al., Lipids 52: 93, 2017, http://
onlinelibrary.wiley.com/doi/10.1007/s11745-016-4212-3/
full

• Changes in lipid and fatty acid composition during 
intramacrophagic transformation of Leishmania 
donovani complex promastigotes into amastigotes, 
Bouazizi-Ben Messaoud, H., M. Guichard, and P. Lawton, 
et al., Lipids 52: 433, 2017, http://onlinelibrary.wiley.
com/doi/10.1007/s11745-017-4233-6/full

AOCS JOURNALS

Journal of the American Oil Chemists’ Society

Lipids

Most downloaded 2017 articles

Bookmark: http://
onlinelibrary.wiley.
com/journal/10.1002/
(ISSN)1558-9331 
• Antioxidant (tocopherol 

and canolol) content in 
rapeseed oil obtained 
from roasted yellow-
seeded Brassica napus, 
Siger, A., M. Gawrysiak-
Witulska, and I. 
Bartkowiak-Broda, J. Am. 
Oil Chem. Soc. 94: 37, 
2017. http://onlinelibrary.
wiley.com/doi/10.1007/
s11746-016-2921-7/full

• Sustainable synthetic approaches for the preparation of 
plant oil-based thermosets, Llevot, A., J. Am. Oil Chem. Soc. 
94: 169, 2017, http://onlinelibrary.wiley.com/doi/10.1007/
s11746-016-2932-4/full

• Biological implications of lipid oxidation products, Vieira, 
S.A., G. Zhang, and E.A. Decker, J. Am. Oil Chem. Soc. 94: 
339, 2017, http://onlinelibrary.wiley.com/doi/10.1007/
s11746-017-2958-2/abstract

• Effects of toasting time on digestive hydrolysis of soluble 
and insoluble 00-rapeseed meal proteins, Salazar-Villanea, 
S., E.M.A.M. Bruininx, and H. Gruppen, et al., J. Am. Oil 
Chem. Soc. 94: 619, 2017, http://onlinelibrary.wiley.com/
doi/10.1007/s11746-017-2960-8/full

• Physicochemical and rheological characterization of roll-in 
shortenings, Macias-Rodriguez, B. and A.G. Marangoni, J. 
Am. Oil Chem. Soc. 94: 747, 2017, http://onlinelibrary.wiley.
com/doi/10.1007/s11746-017-2984-0/full

• Effect of oils extracted from plant seeds on the growth 
and lipolytic activity of Yarrowia lipolytica yeast, 
Krzyczkowska, J. and M. Kozłowska, J. Am. Oil Chem. Soc. 
94: 661, 2017, http://onlinelibrary.wiley.com/doi/10.1007/
s11746-017-2975-1/full

• Biotechnological and novel approaches for designing 
structured lipids intended for infant nutrition, Şahin-
Yeşilçubuk, N. and C.C. Akoh, J. Am. Oil Chem. Soc. 94: 
1005, 2017, http://onlinelibrary.wiley.com/doi/10.1007/
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EXTRACTS & 
DISTILLATES

Fennel oil and by-products seed 
characterization and their potential 
applications
Talou. T., et al., Ind. Crops Prod. 111: 92–98, 2018,  
https://doi.org/10.1016/j.indcrop.2017.10.008.
 The implementation of renewable resources in the indus-
trial production processes appears to be the most effective way 
to achieve sustainable development. However, to tackle the key 
issues of shifting to renewable resources, a full exploitation of 
biomass resources and efficient utilization of complex organic 
macromolecules and also other chemical constituents such as 
antioxidants in bio-refinery system will be crucial. In this regard, 
fennel (Foeniculum vulgare) seeds could be a promising bio-re-
source with significant interest as a rich source of both vegetable 
oil (VO) and essential oil (EO), in addition to rare phytochemi-
cals. Thus, in the present paper, a trans-disciplinary assessment of 
a new bio-refinery process from fennel seeds was established: the 
development of an integrated valorization of fennel seeds, allow-
ing the extraction of VO and EO and their exploitation in cosmetic 
applications as well as the valorization of residual by-products as a 
source of biologically active compounds, these processes consti-
tuted the basis of this bio-refinery concept. Laboratory-obtained 
results and pilot-scale levels with fennel seeds reported extraction 
of high yield of both VO and EO (19.8% and 1.8%, respectively) 
with significant amounts of valuable components, petroselinic acid, 
and trans-anethole (74.8% and 70.7%, respectively). Further, the 
valorization of these oils as functional ingredients in moisturizing 
cream formulas showed a positive impact on the overall emulsions 
structure and quality. Next to this, fennel oilseeds by-products 
exhibited a remarkable antioxidant potential with high phenols 
and flavonoids contents, and exhibited good antimicrobial prop-
erties depending on the extract type. These promising findings are 
of great economic interest as they can lead to a wild range of novel, 
bio-based industrial applications from fennel seeds.

A high-oil castor cultivar developed 
through recurrent selection
Chen, G.O., et al., Ind. Crops Prod. 111: 8–10, 2018,  
https://doi.org/10.1016/j.indcrop.2017.09.064. 
 Castor bean (Ricinus communis L.) seed oil has unique char-
acteristics and can be used as feedstock for many biobased prod-
ucts. Under greenhouse conditions, a previous recurrent selection 
for high-oil castor seeds from a base population resulted in a new 

population with an increased mean oil content from 50.33 to 54.47% 
dry weight, average single seed weight from 0.44 to 0.54 g, and cor-
relation between oil content and weight from moderate (r = 0.43, 
p < 0.0001) to strong (r = 0.77, p < 0.0001). Here, we describe field 
trials to evaluate the oil content and seed weight of the new (Test), 
and base (Control) populations. Duplicated Tests and Controls 
were planted and the trials were repeated for two consecutive years. 
From planting to seed harvesting, no difference in growth pattern 
was observed in either of the populations. Test seeds had a mean oil 
contents of 54.01% dry weight, an average single seed weight of 0.54 g, 
and strong correlations between oil content and weight (r = 0.71 to 
0.72, p < 0.0001), similar to the new population obtained from the 
greenhouse study. Correspondingly, Control seeds had a mean oil 
content of 50.5% dry weight, an average single seed weight of 0.44 g, 
and moderate correlation between oil content and weight (r = 0.43 to 
0.44, p < 0.0001), comparable to previous data on the base population. 
The frequency distribution of oil content and seed weight in field- and 
greenhouse-grown castor seeds were similar. Our results confirm that 
recurrent selection for high-oil content seeds is an effective approach 
to increase the mean oil content of a castor population.

Conjugated linoleic acid prevents  
age-dependent neurodegeneration 
in a mouse model of neuropsychiatric 
lupus via the activation of an adaptive 
response
Monaco, A., et al., J. Lipid Res. 59: 48–57, 2018,  
https://doi.org/10.1194/jlr.M079400.
 Oxidative stress is a key mediator of autoimmune/neurodegen-
erative disorders. The antioxidant/anti-inflammatory effect of a syn-
thetic conjugated linoleic acid (CLA) mixture in MRL/MpJ-Faslpr 
mice (MRL/lpr), an animal model of neuropsychiatric lupus, was 
previously associated with the improvement of nuclear factor-E2-re-
lated factor 2 (Nrf2) defenses in the spleen and liver. However, little 
is known about the neuroprotective ability of a CLA mixture. This 
study investigated the age-dependent progression of oxidative stress 
and the hyperactivation of redox-sensitive compensatory pathways 
(macroautophagy, Nrf2) in old/diseased MRL/lpr mice brains and 
examines the effect produced by dietary CLA supplementation. 
Disrupted redox homeostasis was evidenced in the blood, liver, and 
brain of 21- to 22-week-old MRL/lpr (Old) mice compared with 8- to 
10-week-old MRL/lpr (Young) animals. This alteration was associ-
ated with significant hyperactivation of compensatory mechanisms 
(macroautophagy, Nrf2, and astrocyte activation) in the brains of 
Old mice. Five-week daily supplementation with CLA (650 mg/kg−1 
body weight) of 16-week-old (CLA+Old) mice diminished all the 
pathological hallmarks at a level comparable to Young mice or healthy 
controls (BALB/c). Such data demonstrated that MRL/lpr mice can 
serve as a valuable model for the evaluation of the effectiveness of neu-
roprotective drugs. Notably, the preventive effect provided by CLA 
supplementation against age-associated neuronal damage and hyper-
activation of compensatory mechanisms suggests that the activation 
of an adaptive response is at least in part accountable for its neuropro-
tective ability. 
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Use of surfactant and enzymes in 
dry-grind corn ethanol fermentation 
improves yield of ethanol and distillers 
corn oil
Fang, L., et al., Ind. Crops Prod. 111: 329–335, 2018,  
https://doi.org/10.1016/j.indcrop.2017.10.031.
 Distillers corn oil (DCO) is a valuable co-product of dry-grind 
corn ethanol process. It can be used for bio-fuel production and 
in animal feed. DCO can be present in different forms in the fer-
mentation matrix, including oil adhering to solid surfaces such as 
cell wall and protein matrix, and oil contained in unbroken cells, 
which is difficult to partition to thin stillage by decanting. Effects 
of using surfactant (Tween® 80) and enzymes during fermenta-
tion on DCO partition to thin stillage and DCO recovery from the 
condensed corn distillers with solubles (CCDS) were investigated. 
There was more than 8 ~ 10% DCO adhered to wet cake solids in 
whole stillage produced by conventional procedure, and this part 
of DCO was moved to thin stillage when 500 ppm of Tween® 80 
was used during fermentation. Enzymes reduced the particle size of 
wet cake solids and released more DCO from wet cake to thin still-
age. However, the use of protease reduced oil recovery (4.0% versus 
7.9% and 17.9%, protease versus control and non-starch polysac-
charide hydrolyzing enzymes) by producing partially hydrolyzed 
protein, which may have acted as emulsifier. Moreover, a synergis-
tic effect between the use of enzymes and Tween® 80 was found on 
DCO partition in thin stillage and its recovery from CCDS.

Vegetable oils acting as encapsulated 
bioactives and co-stabilizers in mini-
emulsion polymerization reactions
Bigon, J.P., et al., Eur. J. Lipid Sci. Technol. 120: 1700130, 2018, 
http://dx.doi.org/10.1002/ejlt.201700130.  
 Vegetable oils with different chemical structures are success-
fully encapsulated and applied as co-stabilizers in min-emulsion 
polymerization reactions. The results are compared to hexadec-
ane, a well-known co-stabilizer used for this type of polymeriza-
tion. The great advantage of using vegetable oils is that besides 
acting as co-stabilizers, they are also encapsulated, increasing the 
application of the nanoparticles. Results show that kinetics tend to 
be slower with argan oil, due to the higher concentration of double 
bonds present in the oil. When coconut oil and jojoba oil are used, 
the kinetic rate kept nearly the same. The different types of co-sta-
bilizers do not affect the average size of the particle, and are able to 
keep the mini-emulsion stable throughout the reaction. DSC anal-
ysis shows a decrease in the glass transition temperature when the 
vegetable oils are used. However, after a long period of storage, the 
Tg of the polymers increases. STEM images show the formation of 
nanoparticles for hexadecane and the vegetable oils. However, the 
nanocapsule morphology appears only when coconut oil, jojoba oil, 
and hexadecane are used, while for argan oil no phase separation 
can be detected in the polymer particle.

Production of chemicals from 
microalgae lipids—status and 
perspectives
Hess, S.K., et al., Eur. J. Lipid Sci. Technol. 120: 1700152, 2018,
http://dx.doi.org/10.1002/ejlt.201700152.
 The engineering of algae strains, cultivation, and further pro-
cessing steps in microalgae production are considered in view of 
the utilization of microalgae lipids for chemicals. Insights from bio-
fuel production trials on the one hand and existing processes for 
very high-value pharmaceuticals on the other hand are instructive 
to this end. A recent example of the production of a surfactant from 
chemical intermediates gained from algae oil and further oppor-
tunities are discussed. Microalgae oil lipids are discussed as an 
alternative source for chemicals. The tuning of lipid production in 
microalgae via genetic engineering and cultivation optimization for 
this purpose is reviewed. We further illuminate the bottlenecks of 
upscaling and the state of the art in industrial algae production by 
means of three concrete case studies. We give insights into the cata-
lytic functionalization to high-value products.

The effect of dairy fat source on 
viscoelastic properties of full-fat 
processed cheese spreads
Černíková, M., et al., Eur. J. Lipid Sci. Technol. 120: 1700319, 2018, 
http://dx.doi.org/10.1002/ejlt.201700319.
 During production of processed cheese, different sources of 
dairy fat are used, that contain different concentrations of surface 
active compounds (SAC), for example, natural cheeses (the fat is 
present in the form of fat globules with membranes with SAC) or 
butter (practically without membranes with SAC). It is known that 
SAC concentrations could influence the structure and therefore 
consistency of processed cheese. The objective of the work is to pro-
duce processed cheeses with various SAC contents, and to study 
how various SAC contents affect the viscoelastic properties of full-
fat processed cheeses (dry matter content 35% w/w and fat content 
in dry matter 50% w/w) over the course of a 56-day storage period. 
The elastic, loss, and complex moduli are monitored. The SAC con-
centration is indirectly controlled by the use of natural cheeses with 
various fat contents (e.g., ingredients containing fat in the form 
of fat globules coated by SAC) and butter (an ingredient in which 
SAC is practically not found at all). The various fat contents of the 
natural cheeses, and the balancing of this parameter in the raw 
material composition of the processed cheeses with milk fat (prac-
tically without SAC) do not significantly affect the consistency of 
the processed cheeses (p ≥ 0.05). This finding is positive for indus-
trial practice, where natural cheeses with various fat contents are 
commonly used. In this work the effect of milk fat source and the 
concentration of SAC originating from the fat globule membranes 
on the viscoelastic properties of model processed cheeses are stud-
ied. Dependence of the elastic (G′; full symbols; Pa) and the loss 
(G″; open symbols; Pa) after 1 day (•○) and 56 days (▴△) of storage 
at 6 ± 2°C on frequency.
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High-speed counter-current 
chromatography (HSCCC) purification 
of antifungal hydroxy unsaturated 
fatty acids from plant-seed oil and 
Lactobacillus cultures
Liang, N., et al., J. Agric. Food Chem. 65: 11229–11236, 2017,  
http://dx.doi.org/10.1021/acs.jafc.7b05658.
 Hydroxy unsaturated fatty acids (HUFA) can function as 
antifungal agents. To investigate the antifungal spectrum, that is, 
the scope of the in vitro fungal-inhibition activities of HUFA and 
their potential applications, three HUFA were produced by micro-
bial transformation or extracted from plant-seed oils; these com-
pounds included coriolic acid (13-hydroxy-9,11-octadecadienoic 
acid) from Coriaria seed oil, 10-hydroxy-12-octadecenoic acid from 
cultures of Lactobacillus hammesii, and 13-hydroxy-9-octadecenoic 
acid from cultures of Lactobacillus plantarum TMW1.460Δlah. 
HUFA were purified by high-speed counter-current chroma-
tography (HSCCC), characterized by LC-MS and MS/MS, and 
their antifungal activities were evaluated with 15 indicator fungal 
strains. The HUFA had different antifungal spectra when com-
pared with unsaturated fatty acids with comparable structures but 
without hydroxy groups. The inhibitory effects of HUFA specif-
ically targeted filamentous fungi, including Aspergillus niger and 
Penicillium roqueforti, whereas yeasts, including Candida spp. and 
Saccharomyces spp., were resistant to HUFA. The findings here sup-
port the development of food applications for antifungal HUFA.

Regioisomeric distribution of 9- 
and 13-hydroperoxy linoleic acid in 
vegetable oils during storage and 
heating
Pignitter, M., et al., J. Sci. Food Ag. 98: 1240–1247, 2018,  
http://dx.doi.org/10.1002/jsfa.8766. 
 The oxidative deterioration of vegetable oils is commonly mea-
sured by the peroxide value, thereby not considering the contribu-
tion of individual lipid hydroperoxide isomers, which might have 
different bioactive effects. Thus, the formation of 9- and 13-hydrop-
eroxy octadecadienoic acid (9-HpODE and 13- HpODE), was 
quantified after short-term heating and conditions representative of 
long-term domestic storage in samples of linoleic acid, canola, sun-
flower, and soybean oil, by means of stable isotope dilution analy-
sis–liquid chromatography-mass spectroscopy. Although heating 
of pure linoleic acid at 180°C for 30 min led to an almost complete 
loss of 9-HpODE and 13-HpODE, heating of canola, sunflower, 
and soybean oil resulted in the formation of 5.74 ± 3.32, 2.00 ± 1.09, 
16.0 ± 2.44 mmol L–1 13-HpODE and 13.8 ± 8.21, 10.0 ± 6.74 and 
45.2 ± 6.23 mmol L–1 9-HpODE. An almost equimolar distribu-
tion of the 9- and 13-HpODE was obtained during household-rep-
resentative storage conditions after 56 days, whereas, under heating 
conditions, an approximately 2.4-, 2.8-, and 5.0-fold (P ≤ 0.001) 
higher concentration of 9-HpODE than 13-HpODE was detected 

in canola, soybean, and sunflower oil, respectively. A tempera-
ture-dependent distribution of HpODE regioisomers could be 
shown in vegetable oils, suggesting their application as markers of 
lipid oxidation in oils used for short-term heating. 

Increasing extracellular free fatty 
acid production in Escherichia coli 
by disrupting membrane transport 
systems
Shin, K.S., et al., J. Agric. Food Chem. 65: 11243–11250, 2017, 
http://dx.doi.org/10.1021/acs.jafc.7b04521.
 Transposon mutagenesis was used to identify three mutants 
of E. coli that exhibited increased free fatty acid (FFA) production, 
which resulted from the disruption of genes related to membrane 
transport. Deletion of envR, gusC, and mdlA individually in a recom-
binant E. coli strain resulted in 1.4-, 1.8-, and 1.2-fold increases in 
total FFA production, respectively. In particular, deletion of envR 
increased the percentage of extracellular FFA to 46%, compared with 
29% for the control strain. Multiple deletion of envR, gusC, mdlA, 
ompF, and fadL had a synergistic effect on FFA production, resulting 
in high extracellular FFA production, comprising up to 50% of total 
FFA production. This study has identified new membrane proteins 
involved in FFA production and showed that genetic engineering tar-
geting these membrane transporters is important to increase both 
total FFA and extracellular FFA production.

Two-stage enzymatic preparation 
of eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) enriched 
fish oil triacylglycerols
Zhang, Z., et al., J. Agric. Food Chem. 66: 218–227, 2018,  
http://dx.doi.org/10.1021/acs.jafc.7b04101.
 Fish oil products in the form of triacylglycerols generally have 
relatively low contents of eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA), and so it is of potential research and indus-
trial interest to enrich the related contents in commercial products. 
Thereby an economical and efficient two-stage preparation of EPA 
and DHA enriched fish oil triacylglycerols is proposed in this study. 
The first stage was the partial hydrolysis of fish oil by only 0.2 wt.‰ 
AY “Amano” 400SD which led to increases of EPA and DHA con-
tents in acylglycerols from 19.30 and 13.09 wt% to 25.95 and 22.06 
wt%, respectively. Subsequently, products of the first stage were 
subjected to transesterification with EPA and DHA enriched fatty 
acid ethyl esters (EDEE) as the second stage to afford EPA and 
DHA enriched fish oil triacylglycerols by using as low as 2 wt% 
Novozyme 435. EDEEs prepared from fish oil ethyl ester, and recy-
cled DHA and EPA, respectively, were applied in this stage. Final 
products prepared with two different sources of EDEEs were com-
posed of 97.62 and 95.92 wt% of triacylglycerols, respectively, with 
EPA and DHA contents of 28.20 and 21.41 wt% for the former and 
25.61 and 17.40 wt % for the latter. Results not only demonstrate 
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this two-stage process’s capability and industrial value for enrich-
ing EPA and DHA in fish oil products, but also offer new opportu-
nities for the development of fortified fish oil products.

Antioxidants and Bioactive 
Compounds 

Recovery of anthocyanins from 
residues of Rubus fruticosus, 
Vaccinium myrtillus, and Eugenia 
brasiliensis by ultrasound-assisted 
extraction, pressurized liquid 
extraction, and their combination
Da Fonseca Machado, A.P., et al., Food Chem. 231: 1–10, 2017, 
http://dx.doi.org/10.1016/j.foodchem.2017.03.060.
 This work investigated the extraction efficiency of polyphe-
nols (anthocyanins) from blackberry, blueberry, and grumixama 
residues using combined ultrasonic assisted extraction (UAE) and 
pressurized liquid extraction (PLE) (UAE + PLE). The perfor-
mance of UAE + PLE was compared to those achieved by the iso-
lated PLE and UAE methods and conventional Soxhlet extraction. 
The effects of the extraction methods and solvents (acidified water 
pH 2.0, ethanol + water 50% v/v, and ethanol + water 70% etha-
nol v/v) on total phenolics content, anthocyanin composition, and 
antioxidant capacity of extracts were investigated by a full factorial 
design. The extraction efficiency for total phenolics and antioxidant 
capacity in decreasing order was: UAE + PLE > PLE ~ Soxhlet > 
UAE, and for anthocyanins it was: Soxhlet ~ UAE > UAE + PLE > 
PLE, using hydroethanolic mixtures as solvents. Extractions with 
acidified water and ultrasound were not effective to recover pheno-
lics. Two, four, and 14 anthocyanins were identified in the extracts 
from grumixama, blackberry, and blueberry, respectively.

Green-based methods to obtain 
bioactive extracts from Plantago 
major and Plantago lanceolata
Mazzuttia, S, et al., J. Supercrit. Fluids 119: 211–220, 2017,
http://dx.doi.org/10.1016/j.supflu.2016.09.018.
 P. major and P. lanceolata are two medicinal plants used exten-
sively all over the world as remedies for a wide range of diseases. This 
study aimed to apply a sustainable recovery extraction to obtain bio-
active extracts from the medicinal plants P. major and P. lanceolata. 
Different extraction methods were compared in terms of yield pro-
cess, total phenolic content (TPC), and antioxidant and antibacte-
rial activities. The methods used were: supercritical fluid extraction 
(SFE) with CO2 pure and with ethanol as co-solvent, conducted at 
temperatures from 40 to 60°C and pressures from 10 to 30 MPa, and 
by Soxhlet (SOX) and ultrasound-assisted extraction (UE) with dif-
ferent solvents. High extraction yields were obtained by SOX with 
methanol (P. major) and by UE with EtOH-H2O (P. lanceolata). The 

moderate-polar and polar solvents presented the best TPC values 
and antioxidant performance, included the supercritical extraction of 
P. major with 5.0% of ethanol as co-solvent (EC50276 ± 1). SC-CO2 
extract presented the best antibacterial activity, being more effec-
tive against the Gram-positive bacteria (Bacillus cereus). The results 
showed that the use of green recovery methods such as SFE and UE 
with polar solvents (EtOH-H2O and ethanol) provide high valuable 
extracts for Plantago species.

Pectin and gastric pH interactively 
affect DHA-rich emulsion in vitro 
digestion microstructure, digestibility, 
and bioaccessibility
Lin, X. and A.J. Wright, Food Hydrocoll. 76: 49–59, 2018,  
http://dx.doi.org/10.1016/j.foodhyd.2017.06.010.
 Lipid digestibility and bioaccessibility (i.e., solubilization) may 
be impacted by various factors. For example, dietary fibers may 
interact with lipids and other digestive molecules during gastroin-
testinal digestion, and gastric pH may impact lipid droplet micro-
structure. Thus, these parameters may have implications for the 
release and uptake of bioactive fatty acids such as docosahexaenoic 
acid (DHA). This study investigated how apple pectin (0.00, 5.68, or 
100.00 mg/5.0 g emulsion), combined with variable gastric pH (2.0, 
3.0 or 4.8), impacted the in vitro digestion of a DHA-rich algal oil leci-
thin-stabilized emulsion (10:1.2:88.8 oil:lecithin:water, D3,2 = 0.137 
± 0.001 nm). Low gastric pH (2.0 and 3.0) induced severe emulsion 
destabilization. However, the addition of a low-level of pectin (5.68 
mg/5.0 g emulsion) reduced the destabilization at pH 3.0. Small 
lipid droplets, maintained either by this low-level of pectin at pH 3.0 
or by a higher gastric pH (4.8), were associated with greater early (p 
< 0.05), but not eventual (p > 0.05) duodenal lipolysis (pH 7.0) and 
higher DHA bioaccessibility (>69%, p < 0.05). Samples containing 
100.00 mg pectin/5.0 g emulsion had the lowest overall lipolysis and 
DHA bioaccessibility across all pH values (p < 0.05). Therefore, pec-
tin content and gastric pH interactively impacted emulsion diges-
tion. The presence of applesauce, matched for pectin concentration, 
further destabilized the emulsion and limited lipid digestibility and 
DHA bioaccessibility, compared to the pectin-only samples. Overall, 
a stable emulsion microstructure during gastric digestion promoted 
in vitro lipid digestibility and DHA bioaccessibility.

Foodomics evaluation of bioactive 
compounds in foods
Valdés, A., et. al., Trends Anal. Chem. 96: 2–13, 2017,  
http://dx.doi.org/10.1016/j.trac.2017.06.004.
 Foodomics involves the study of food and nutrition domains 
through the application and integration of advanced omics technol-
ogies, such as transcriptomics, proteomics, and metabolomics. This 
integration, together with biostatistics, chemometrics, and bioinfor-
matics tools, allows the evaluation of complex biological systems, like 
those involved in the underlying mechanisms of bioactive food com-
pounds that help to interpret the association between dietary expo-
sure and health. In this review, we present a critical discussion of the 
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recent developments in foodomics approaches (including metabolo-
mics, proteomics, and transcriptomics) to understand the bioactivity 
of food and food ingredients on health as well as for the discovery of 
novel biomarkers related to such activity.

Industrial Applications
Enhancing the recovery of oilseed 
rape seed oil bodies (oleosomes) 
using bicarbonate-based soaking and 
grinding media
De Chirico, S., et al., Food Chem. 241:419–426, 2018,  
https://doi.org/10.1016/j.foodchem.2017.09.008.
 An aqueous process for the recovery of oil bodies from rape-
seed using sodium bicarbonate-based soaking and grinding media 
(pH 9.5) was investigated. The effect of the ratio between seed and 
mass of media during grinding and molarity of the medium used 
on oil body integrity, purity and storage stability have been studied. 
The grinding of seeds in solution at a ratio of 1:7 (w/w) significantly 
improved the quality of oil body suspension to a size more in-line 
with that seen in vivo (average D4,3 of 1.19 µm). The purity and the 
composition of the recovered oil bodies depends on the molarity 
of medium used; the use of a sodium bicarbonate solution (pH 9.5, 
0.1 M) in the grinding and washing steps produced oil body prepa-
rations with the same purity as that resulting from washing a crude 
preparation with 9 M urea. The resultant emulsion had improved 
physical stability over a storage period of one month.

Optimization of ultrasound-assisted 
extraction of oil from canola seeds 
with the use of response surface 
methodology
Jalili, F., et al., Food Anal. Methods 11: 598, 2018,
https://doi.org/10.1007/s12161-017-1030-z.
 In the current study, response surface optimization of canola oil 
extraction assisted by 35 kHz, 800 W ultrasound waves and with the 
use of hexane and 3:2 hexane–isopropanol at the proportion of 3/2 
as solvents was conducted. The influence of extraction temperature 
(35, 45, and 55°C), ultrasound treatment time (30, 60, and 90 min), 
and solvent-to-canola (sample) ratio (5, 10, and 15 (% v/w)) on the 
percentage of the extracted oil and oxidative stability of the extracted 
oil was analyzed through Box-Behnken design. The achieved results 
revealed that the optimized conditions for canola oil extraction 
(22.39% efficiency) by hexane was 87 min ultrasound treatment at 
55°C and solvent-to-canola proportion of 6.39 (% v/w). On the other 
hand, the optimized conditions for canola oil extraction (30.66% 
efficiency) by hexane–isopropanol mixture were 69.5 min ultra-
sound treatment at 55°C and solvent-to-canola ratio of 9.12 (% v/w). 
The obtained outcomes revealed that ultrasound waves significantly 
improved the extraction efficiency compared to Soxhlet extraction. 
The extraction efficiency was improved when hexane–isopropa-

nol mixture was applied. In optimized condition, oxidative stability 
of the extracted oil has been achieved at 12.55 and 40.9 h, respec-
tively, once hexane and hexane–isopropanol were used as solvents for 
extraction. Oxidative stability presented considerable enhancement 
with an increase in ultrasound treatment. Extracted oil with the use 
of mixed solvent (hexane–isopropanol) presented higher value for 
oxidative stability compared to the extracted oil with the use of hex-
ane as a solvent. Comparison between the ultrasound-assisted and 
Soxhlet extracted oils with the use of gas chromatography presented 
no significant difference in their fatty acid profiles.

Alternative oil extraction methods 
from Echium plantagineum L. seeds 
using advanced techniques and green 
solvents
Castejón, N., et al., Food Chem. 244: 75–82, 2018,
https://doi.org/10.1016/j.foodchem.2017.10.014.
 The edible oil processing industry involves large losses of 
organic solvent into the atmosphere and long extraction times. 
In this work, fast and environmentally friendly alternatives for 
the production of Echium oil using green solvents are proposed. 
Advanced extraction techniques such as Pressurized Liquid 
Extraction (PLE), Microwave Assisted Extraction (MAE) and 
Ultrasound Assisted Extraction (UAE) were evaluated to effi-
ciently extract omega-3 rich oil from Echium plantagineum seeds. 
Extractions were performed with ethyl acetate, ethanol, water 
and ethanol:water to develop a hexane-free processing method. 
Optimal PLE conditions with ethanol at 150°C during 10 min pro-
duced a very similar oil yield (31.2%) to Soxhlet using hexane for 
8 h (31.3%). UAE optimized method with ethanol at mild con-
ditions (55°C) produced a high oil yield (29.1%). Consequently, 
advanced extraction techniques showed good lipid yields and fur-
thermore, the produced Echium oil had the same omega-3 fatty acid 
composition than traditionally extracted oil.

From waste to wealth: high recovery of 
nutraceuticals from pomegranate seed 
waste using a green extraction process
Talekar, S., et al., Ind. Crops Prod. 112: 790–802, 2018,
https://doi.org/10.1016/j.indcrop.2017.12.023.
 Waste pomegranate seed (WPS) from the pomegranate juice 
industry is an interesting substrate for the food processing industry 
as it contains high quality oil which is rich in conjugated fatty acids, 
high-quality proteins, and dietary fibers. However, the majority of 
the work reported extraction of only oil and employed organic sol-
vents which decrease the nutritional quality of pomegranate seed 
protein and fibers. Therefore, in this study, a one-pot enzymatic green 
process was investigated for recovery of high-quality oil, food-grade 
proteins, and fibers from WPS. The WPS were treated with protease 
followed by centrifugation to recover the oil, protein, and insoluble 
fibers in different phases. The mechanism of extraction was con-
firmed by FTIR-imaging and scanning electron microscopy anal-
ysis of WPS. The highest oil recovery of 22.9% (out of which 97.4% 
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in free form) and protein recovery of 13.2% (out of which 90.2% in 
free form) were obtained, when WPS was incubated with protease at 
a concentration of 50 U/g for 14 h, at 45°C and pH 7.2. The remain-
ing WPS residue was rich in insoluble fibers (97.6 g per 100 g WPS 
residue). The protease-derived oil had 2.3% higher content of conju-
gated fatty acids and 1.4 times higher total phenolic content than the 
hexane-extracted oil. Moreover, the protease-derived oil displayed 
4% higher antioxidant activity than the hexane-extracted oil. The 
extracted free proteins were in protein hydrolysate form and had high 
values of the essential amino acid index (91.6%), protein efficiency 
ratio (5), and biological value (88.5) confirming their high quality. 
The insoluble fiber-rich WPS residue possessed improved water and 
oil holding capacity, glucose absorption capacity and glucose dialysis 
retardation index compared to raw WPS.

Medical/Pharmaceutical 
Applications

Next-generation nutraceutical from 
shrimp waste: the convergence of 
applications with extraction methods 
Prameela, K., Food Chem, 237: 121–132, 2017,  
http://dx.doi.org/10.1016/j.foodchem.2017.05.097.
 Food processing creates tons of waste materials from which 
value-added natural products can be extracted. The manufactur-
ing of natural vitamin E from the waste of vegetable refineries is 
one example. This review highlights a fresh example of extracting a 
nutraceutical compound from seafood waste.
 In recent years, considerable progress in health therapy has 
made a significant improvement in natural nutraceuticals. Shrimp 
is a valuable natural sea food and is processed by removing head, 
tail, and carapace as waste. The large amounts of waste produced by 
sea food industries capitulate, recoverable nutraceutical compound 
astaxanthin. This review emphasizes the chemistry and role of astax-
anthin in pigmentation. The study highlights progress in applica-
tions and describes the current extraction methods starting with 
chemical to the best eco-friendly microbial processes. Relevant lit-
erature on the methods giving summary of results obtained using 
each approach has been reviewed and critically discussed. Intense 
research in advancing extraction methods to enhance productivity 
and to meet the demands of the consumer was discussed in future 
challenges. Further, aimed at collating valuable information about 
applications and recent extraction methodologies will promote a con-
cept of intake of “a nutraceutical a day may keep the doctor away.”

Polyphenolic phytochemicals in 
cancer prevention and therapy: 
bioavailability versus bioefficacy
Estrela, J.M., et al., J. Med. Chem. 60: 9413–9436, 2017,  
http://dx.doi.org/10.1021/acs.jmedchem.6b01026.
 Natural product chemistry research is full of discrepancies in 
which natural molecules are related with observed in vivo benefits 

but clearly fail to provide a rationale through pre-clinical pharma-
cology. The resveratrol and wine paradigm is a common example. 
This review has tried to answer some of the questions facing natural 
molecules, such as resveratrol.
 Natural polyphenols are organic chemicals which contain 
phenol units in their structures. They show antitumor properties. 
However, a key problem is their short half-life and low bioavail-
ability under in vivo conditions. Still, definitively demonstrating 
the human benefits of isolated polyphenolic compounds (alone or 
in combination) using modern scientific methodology has proved 
challenging. The most common discrepancy between experimen-
tal and clinical observations is the use of nonphysiologically rele-
vant concentrations of polyphenols in mechanistic studies. Thus, 
it remains highly controversial how applicable underlying mecha-
nisms are with bioavailable concentrations and biological half-life. 
The present Perspective analyses proposed antitumor mechanisms, 
in vivo reported antitumor effects, and possible mechanisms that 
may explain discrepancies between bioavailability and bioefficacy. 
Polyphenol metabolism and possible toxic side effects are also con-
sidered. Our main conclusion emphasizes that these natural mol-
ecules (and their chemical derivatives) indeed can be very useful, 
not only as cancer chemopreventive agents but also in oncotherapy.

Perspectives of cannabinoid 
type 2 Receptor (CB2R) ligands 
in neurodegenerative disorders: 
structure–affinity relationship (SAfiR) 
and structure–activity relationship 
(SAR) studies
Spinelli, F., et al., J. Med. Chem. 60: 9913–9931, 2017,  
http://dx.doi.org/10.1021/acs.jmedchem.7b0015.
 There is great interest in finding CB2R-specific and selective 
ligands that provide benefits without addiction issues. This review 
analyzes current clinical and pre-clinical research with an empha-
sis on SAR studies. A focus on finding natural ligands for targets is 
worth noting.
 Up-regulation of CB2R on activated microglial cells, the first 
step in neurodegeneration, has been widely demonstrated, and this 
finding makes the receptor a promising target in the early diagno-
sis and treatment of several neurodegenerative disorders such as 
Alzheimer’s disease (AD), Parkinson’s disease (PD), Huntington’s 
disease (HD), and multiple sclerosis (MS). The development of 
CB2R PET ligands could help demonstrate the neurodegenera-
tive pathogenesis, thus providing useful tools for characterizing the 
role of neuroinflammation in the progression of these disorders. 
CB2R agonists and inverse agonists have emerged as neuroprotec-
tive agents, and CB2R agonists have entered several clinical trials. 
CB2R ligands have therefore received great attention, and different 
molecular scaffolds have been selected to target CB2R subtypes. 
This review is focused on structure–activity relationship (SAR) 
and structure–affinity relationship (SAfiR) studies performed on 
different scaffolds with the aim to identify the molecular features 
useful for the design of both therapeutic and diagnostic agents.
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Semisynthesis and biological 
evaluation of xanthone amphiphilics 
as selective, highly potent antifungal 
agents to combat fungal resistance
Lin, S., et al., J. Med. Chem.60: 10135–10150, 2017, 
http://dx.doi.org/10.1021/acs.jmedchem.7b01348.
 Mangosteen is a fruit commonly grown in tropical environ-
ment rich in bacterial and fungal growth conditions. It is logical 
that the base molecule for creating a potent and selective anti-fun-
gal utilized a naturally optimized structure of xanthones, which are 
widely expressed in mangosteens.
 New efficient antifungal agents are urgently needed to treat 
drug-resistant fungal infections. Here, we designed and synthesized 
a series of cationic xanthone amphiphilics as antifungal agents from 
natural α-mangostin to combat fungal resistance. The attachment of 
cationic residues on the xanthone scaffold of α-mangostin resulted 
in interesting antifungal agents with a novel mode of action. Two 
lead compounds (1 and 2) showed potent antifungal activity against 
a wide range of fungal pathogens, including drug-resistant Candida 
albicans, Aspergillus, and Fusarium strains and low cytotoxicity and 
hemolytic activity against mammalian cells. Both compounds can 
kill fungus rapidly by directly disrupting fungal cell membranes and 
avoid developing drug resistance. Additionally, compound 1 exhib-
ited potent in vivo antifungal activity in the murine model of fungal 
keratitis. To our knowledge, membrane-targeting xanthone-based 
antifungals have not been reported previously. These results demon-
strated that compounds 1 and 2 may be promising candidates for 
treating drug-resistant fungal infections.

Structure–activity relationships of  
6- and 8-gingerol analogs as  
anti-biofilm agents
Choi, H., et al., J. Med. Chem. 60: 9821–9837, 2017,  
http://dx.doi.org/10.1021/acs.jmedchem.7b01426.
 Natural compounds, with some exceptions, are useful sources 
of chemical diversity. This study shows the importance of natural 
chemical diversity as a starting point for medicinal chemistry opti-
mization to obtain useful therapeutic agents.
 Pseudomonas aeruginosa is a causative agent of chronic infec-
tions in immunocompromised patients. Disruption of quorum 
sensing circuits is an attractive strategy for treating diseases asso-
ciated with P. aeruginosa infection. In this study, we designed and 
synthesized a series of gingerol analogs targeting LasR, a master 
regulator of quorum sensing networks in P. aeruginosa. Structure–
activity relationship studies showed that a hydrogen-bonding inter-
action in the head section, stereochemistry and rotational rigidity 
in the middle section, and optimal alkyl chain length in the tail 
section are important factors for the enhancement of LasR-binding 
affinity and for the inhibition of biofilm formation. The most potent 
compound 41, an analog of (R)-8-gingerol with restricted rotation, 
showed stronger LasR-binding affinity and inhibition of biofilm 
formation than the known LasR antagonist (S)-6-gingerol. This 
new LasR antagonist can be used as an early lead compound for the 
development of anti-biofilm agents to treat P. aeruginosa infections.

Improvement of human-oral-epithelial-
barrier function and of tight junctions 
by micronutrients
Rybakovsky, E., et al., J. Agric. Food Chem.65: 10950–0958,  
http://dx.doi.org/ 10.1021/acs.jafc.7b04203.
 The role of micro and macro nutrients in human health is has 
become a focus in shaping and developing new personal care prod-
ucts. This is an excellent example with scientific data that demon-
strates the positive role of micro nutrients in strengthening the oral 
epithelium barrier. 
 The oral epithelium represents a major interface between an 
organism and its external environment. Improving this barrier 
at the molecular level can provide an organism added protection 
from microbial-based diseases. Barrier function of the Gie-3B11-
human-gingival-epithelial-cell-culture model is enhanced by the 
micronutrients zinc, quercetin, retinoic acid, and acetyl-11-ke-
to-β-boswellic acid, as observed by a concentration-dependent 
increase in transepithelial electrical resistance and a decrease in 
transepithelial 14C–d-mannitol permeability. With this improve-
ment of tight-junction (TJ)-barrier function (reduced leak) comes a 
pattern of micronutrient-induced changes in TJ claudin abundance 
that is specific to each individual micronutrient, along with changes 
in claudin subcellular localization. These micronutrients were 
effective not only when administered to both cell surfaces simulta-
neously but also when administered to the apical surface alone, the 
surface to which the micronutrients would be presented in routine 
clinical use. The biomedical implications of micronutrient enhance-
ment of the oral-epithelial barrier are discussed. 

Effect of the type of brewing water 
on the chemical composition, sensory 
quality, and antioxidant capacity of 
Chinese teas
Y.-Q. Xu, et al., Food Chem, 236: 142–151, 2017,  
http://dx.doi.org/10.1016/j.foodchem.2016.11.110.
 Water quality is a major issue causing health problems in under 
developed economies. This study demonstrates that water quality 
at a different level can also make a difference in affluent economies 
by effecting the taste of many drinks, such as tea. 
 The physicochemical characteristics, sensory quality, and anti-
oxidant activity of tea infusions prepared with purified water (PW), 
mineral water (MW), mountain spring water (MSW), and tap water 
(TW) from Hangzhou were investigated. The results showed that 
the taste quality, catechin concentration, and antioxidant capacity of 
green, oolong, and black tea infusions prepared using MW and TW 
were significantly lower than those prepared using PW. Extraction 
of catechins and caffeine was reduced with high-conductivity water, 
while high pH influenced the stability of catechins. PW and MSW 
were more suitable for brewing green and oolong teas, while MSW, 
with low pH and moderate ion concentration, was the most suitable 
water for brewing black tea. Lowering the pH of mineral water par-
tially improved the taste quality and increased the concentration 
of catechins in the infusions. These results aid selection of the most 
appropriate water for brewing Chinese teas.
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