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Emulsifiers are used in almost every processed food, where they perform 
vital functions in addition to their well-recognized role in mixing. Learn how 
emulsifiers promote and stabilize emulsions, how they’re evaluated and selected 
for food applications, and how various synthetic and natural emulsifiers function 
in foods.
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By contrast, Shaun is an 18-year-old fresh out of high school. He 
prefers to work on computers or other digital devices and would just as 
soon stay off the plant floor. Whereas Dave remained with one com-
pany for his entire career, Shaun expects to work for multiple employers 
during his lifetime. These two employees could not be any more differ-
ent in their attitudes, outlooks, workplace habits, and learning styles. 

Although Dave and Shaun are fictional, the challenge of transfer-
ring knowledge from retiring Baby Boomers like Dave to inexperienced 
millennials like Shaun is not—particularly in the United States. There, 
industry consolidation between 1980–2000 triggered the layoff of most 
of the then 20- to 40-year-old Generation X employees, leaving only the 
more-experienced 40–65-year-olds. Those older employees are now 
retiring, creating a challenge for industry.

US processors are employing a number of strategies to narrow the 
skills gap, many of which can be adapted for use in other areas of the 
world. These include phased retirement, using process safety manage-
ment programs as the source of training materials, outsourcing some 
training to equipment suppliers, and virtual operator training simulators. 

PHASED RETIREMENT
Companies of differing sizes in many industries are 
exploring phased retirement as a means of transferring 
knowledge from retiring workers to younger employees. 
Broadly speaking, phased retirement includes a variety 

of employment arrangements that permit employees who are close to 
retirement age to continue working with a reduced workload and even-
tually transition from full-time work to full-time retirement.

Many such arrangements are informal owing to legal and compen-
sation ramifications. They include job sharing; telecommuting; consult-
ing/contracting; casual employment on an as-needed basis; sabbaticals; 
flex-time, part-time, or seasonal work; and reduced work days and 
weeks.

• As the older generation of workers 
retires, fats and oils processors are 
facing a generational training divide 
that’s as wide as the Grand Canyon.    

• Companies are pursuing different 
strategies for transferring knowledge 
from retirees to young employees.

• These strategies include phased 
retirement, using process safety 
management programs as the source 
of training materials, outsourcing some 
training to equipment suppliers, and 
operator training simulators.

        Generational  
          training divideCatherine Watkins

Meet Dave and Shaun. They both work in vegetable oil processing, although Dave will retire in 
2017. After decades of hands-on experience, he has a visceral knowledge of the plant. He can taste 
the soap from the centrifuge and tell if the oil is being under- or over-treated with caustic. He can 
pick up a handful of seed and feel if it is too moist to process. He can hear that a seal on a pump is 
failing just by a change in the motor’s sound. 
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Important considerations when designing phased-retire-
ment programs—whether formal or informal—include:

• Identifying which employees have critical knowledge 
and so should be offered phased retirement;

• Settling on the age at which employees become eligible;
• Designing a specific plan for knowledge transfer, com-

plete with benchmarks; and
• Recognizing legal and compensation implications.

PROCESS SAFETY 
MANAGEMENT PROGRAMS
Many US-based processing companies are 
recognizing that one of their best sources of 
training materials for new employees is their 

process safety management (PSM) program materials, cre-
ated to comply with OSHA standards. (OSHA stands for the 
Occupational Safety and Health Administration, the US agency 
charged with enforcing workers’ safety and health legislation.)

“Not all workers are involved in the PSM program,” 
says John Mulholland, general manager of N. Hunt Moore & 
Associates Inc. in Collierville, Tennessee, USA. “It is important 
to involve operators in the initial development and continue 
gathering their input over time to be sure the PSM program is 
up to date.”

The advantage of “using what you already have,” 
Mulholland notes, is that the PSM materials are based on an 

initial hazard study that delineates all potential risks as well as 
their consequences, potential frequency, and recommenda-
tions on how to avoid them. 

EQUIPMENT SUPPLIERS 
STEP INTO THE BREACH
“We all realize we have a problem,” says Ted 
Neuman, speaking about the demographic 
training gap. Neuman is director of service 

sales equipment for GEA North America in Northvale, New 
Jersey, USA.

“Today, many processors are moving away from using an 
internal maintenance group and are relying more on origi-
nal equipment manufacturers (OEMs) to supply maintenance 
know-how,” he notes. The supplier–plant operations relation-
ship currently is more of a partnership than in times past, he 
adds, especially in the area of training. “The time is gone when 
the supplier dropped the machine off at the door and walked 
away. Now, the focus is on the total cost of ownership, which 
includes the operation and maintenance of equipment.”

GEA and other OEMs “have done a lot in the past five 
years,” he says, to develop internal training programs to help 
address the issue of knowledge transfer. As technology has 
changed through facility automation, so too has the training. 
“At GEA, we conduct seminars as well as personal training, 
which is quite a change from what it used to be 15 years ago.”

PROCESSING
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HIGH-TECH VIRTUAL 
TRAINING COMES OF AGE
Two of the largest global vegetable oil proces-
sors—ADM and Cargill—are using virtual simu-
lators for a variety of purposes that encompass 

both training and process optimization, according to Martin 
Berutti of MYNAH Technologies, LLC. MYNAH supplies dynamic 
process simulation to industry and is based in Chesterfield, 
Missouri, USA. Berutti is president and chief operating officer 
of the company and was involved with the development and 
implementation of both the ADM and Cargill projects. 

It should be noted that the third member of the triad of 
large publicly traded processors, Bunge, may also be using vir-
tual simulation, but that company’s representatives (as well as 
representatives of the privately held Louis Dreyfus Group) did 
not reply to requests from Inform for comment. 

High-fidelity dynamic real-time simulation replicates a 
plant’s process design and actual responses. When combined 
with a control system simulator, it mimics the look and feel 
of the online control system down to the graphics, alarms, 
and controls. In fact, the simulation is so precise that MYNAH 
warns clients to mark the simulator clearly so the control room 
operators do not confuse it for the actual control system. 

Simulators can compress years of training into a much 
shorter period of time for new employees. Industry studies 
claim that it takes an average of seven years for plant opera-
tors to be competent in their role. The use of a dynamic sim-
ulator has proven to compress this learning curve to less than 
a year, according to Berutti. A simulator can also allow engi-
neers to test potential changes to the facility’s control system 
for possible errors and to prove out correct responses with-
out affecting the actual plant. “You can test anything you want 
in a simulated environment,” says Berutti, “because it has no 
impact on the actual, running plant. You don’t have to worry 
about environmental impact or safety.”

An added advantage to Cargill, which is using a MYNAH-
supplied simulator in its North American corn wet milling 
locations, is that one simulator can be shared through the 
company’s cloud environment across multiple process units for 
both control system testing and operator training. 

ADM is taking a different approach, says Berutti, by using 
simulators to train operators at new facilities in Latin America 
and China, as well as the company’s North American sites. The 
company’s leadership team runs the project and implements 
it from North America, while saving training time at greenfield 
projects elsewhere. And, like Cargill, ADM also uses virtual sim-
ulation for process optimization.

“Millennials are not technophobic,” Berutti adds. “In fact, 
they actively want to feel and define the world through a tech-
nological portal.” For that reason alone, using job shadowing 
or mentoring alone runs counter to the youngest working gen-
eration’s preferred learning style.

Consultant Cecil F. Shewchuk, author of a white paper on 
Workforce Enablement Technology (http://tinyurl.com/OTS-
SimSci; PDF), explains that cost no longer needs to be a pro-
hibitive factor for processors when adding Operator Training 

Simulators (OTS) to their training toolboxes. Shewchuk is the 
owner of Shewchuk Consulting in London, Ontario, Canada.

“There are two ways to lower the cost. First, by lower-
ing the fidelity of the simulation. Second, by using a generic 
high-fidelity model of a standard plant. This won’t be exactly 
your plant, but new hires can still get hands-on training. It is 
the customization that costs.”

That said, Shewchuk notes that OTS is most effective 
when it replicates the exact plant control system. 

Another cost-effective strategy he has used for clients is 
to combine OTS training with teaching by newly retired staff 
members serving as mentors. Common operational scenar-
ios can be built into the simulator along with a grading mech-
anism—both of which can be guided by the mentors. A new 
hire’s performance on the training modules can be graded, 
logged, saved, and replayed to show the trainee where he 
or she went wrong (or right, for that matter). This record can 
be stored permanently to show that plant management per-
formed the proper training, should liability issues ever arise.

The cost of developing simulators varies widely depending 
on the complexity. However, the rule of thumb—according to 
Martin Berutti—is to budget approximately 10% of a facility’s 
automation budget for simulator development. On the other 
hand, Shewchuk suggests another strategy for the vegetable 
oil processing industry: to develop a library of OTS templates 
at the unit-operation level for roughly $10,000–$20,000 per 
simulation. The library could then be made available via the 
cloud on a subscription basis.

The use of virtual simulators in vegetable oil and food 
processing clearly is the way of the future, and not just for the 
largest processors. Although some processors contacted for 
this article—such as CHS of Inver Grove Heights, Minnesota, 
USA—made it clear they are not considering investing in sim-
ulators, others such as J.G. Boswell Co. in Corcoran, California, 
USA, are interested.

Mimic Simulation Studio—process modeling in IEC1131 function 
blocks. Screenshot courtesy of MYNAH Technologies,  
www.mynah.com.



inform   November/December 2016, Vol. 27 (10)   •   9

AOCS MEETING WATCH
April 30–May 3, 2017. AOCS Annual Meeting and 
Industry Showcases, Rosen Shingle Creek, Orlando, 
Florida, USA. http://annualmeeting.aocs.org

September 11–14, 2017. 17th AOCS Latin American 
Congress and Exhibition on Fats, Oils, and Lipids, Grand 
Fiesta Americana Coral Beach Hotel, Cancun, Mexico. 
http://lacongress.aocs.org

For in-depth details on these and other upcoming meet-
ings, visit http://aocs.org/meetings or contact the AOCS 
Meetings Department (email: meetings@aocs.org; 
phone: +1 217-693-4821; fax: +1 217-693-4865).

“Long term, we want to look at virtual training,” says Mark 
Cartwright, oil mill manager of J.G. Boswell’s vegetable oil 
processing plant. “We are also looking to automate much of 
our safety training. [But] the biggest problem so far with the 
[younger] workforce is a matter of expectations and commit-
ment. They don’t expect to work as many hours or work at the 
same intensity as previous generations.” 

It is this fact that may, in the end, prove to be a larger 
problem for processors than the transfer of knowledge from 
retirees to new hires. Unless, that is, someone invents a virtual 
training simulator that can improve an employee’s work ethic.

Catherine Watkins is a freelance writer based in Champaign, 
Illinois, USA. She can be reached at c.e.watkins@sbcglobal.net.

Skills certification programs and other resources

A further challenge for the US vegetable oil processing 
industry is the difference in the skills required on the job 
and the actual skills possessed by prospective employees. 

This “skills gap” is real and growing. According to The 
Skills Gap in US Manufacturing: 2015 and Beyond, a report 
produced by the Manufacturing Institute (MI; Washington, 
DC, USA; http://tinyurl.com/Skills-Gap-2015), nearly 3.5 mil-
lion manufacturing jobs likely will need to be filled over the 
next decade. The skills gap will result in 2 million of those 
jobs going unfilled, MI says. (The MI is a not-for-profit affil-
iate of the National Association of Manufacturers [NAM; 
Washington, CD, USA; www.nam.org.])

A number of US manufacturers are handling this chal-
lenge via skills certification programs endorsed by NAM. 
Based on third-party assessments, such certifications use 
standards set by industry. For an overview of skills cer-
tification systems as well as other helpful resources, see 
“Developing Skilled Workers: A Toolkit for Manufacturers 
on Recruiting and Training a Quality Workforce” (http://
tinyurl.com/DSWtoolkit; PDF). 

Among the MI/NAM certification partners are:
• ACT®—The ACT National Career Readiness 

Certificate™ is based on an individual’s performance 
on three WorkKeys® skills assessments: applied 
mathematics, locating information, and reading for 
information. Scores on these assessments determine 
the certificate level—bronze, silver, gold, or plati-
num—an individual can earn. See http://tinyurl.com/
ACT-Readiness for more information.

• Manufacturing Skill Standards Council (MSSC)—
The MSSC assessment and certification system 
focuses on the core skills needed by front-line 
production workers. MSSC is accredited by the 
American National Standards Institute under ISO 
Standard 17024. Visit www.msscusa.org for details.

• Manufacturing Skills Institute (MSI)—MSI 
Manufacturing Technician 1 certification covers 
competence in math and measurement, spatial rea-
soning and manufacturing technology, and business 
acumen and quality.

Other online resources include:
• Tools for employer–education partnerships—

Investigate handbooks, templates, issue briefs, and 
research for educators and employers on train-
ing and advancing workers. See http://tinyurl.com/
Employer-Resources for more information. 

• Information on creating an apprenticeship 
program—The US Department of Labor’s toolkit 
and other resources that support starting and 
expanding apprenticeship programs may be found 
at http://tinyurl.com/DOL-Employers.

Some processors use temporary help agencies and 
internships to help vet prospective employees and to 
avoid paying unemployment benefits if the workers are 
not a good fit. “At certain times, that has helped us iden-
tify higher-quality employees,” says Mark Cartwright, oil 
mill manager with J.G. Boswell Co. in Corcoran, California, 
USA. The company also collaborates with the agricultural 
engineering department at California Polytechnic State 
University in nearby San Luis Obispo to identify and place 
summer interns.

Archer Daniels Midland Co. (ADM; Chicago, Illinois, 
USA) pursues another strategy for closing the skills gap by 
supporting various STEM (science, technology, engineer-
ing, and mathematics) learning initiatives globally. ADM 
provides support through its ADM Cares program, which 
directs “up to 1% of ADM’s pretax profits to initiatives 
and organizations around the world that drive meaningful 
social, economic and environmental progress,” according 
to the company’s website. 



In simplest terms, an emulsifier is a substance that enables oil and water to mix. Many people 
would recognize the need for an emulsifier in foods that are obvious emulsions, like mayonnaise 
and salad dressings. However, many do not realize that emulsifiers are used in almost every pro-
cessed food, from bakery products to confectionary to ice cream, where they perform vital func-
tions in addition to their well-recognized role in mixing. “In many people’s minds, emulsifiers are 
just related to forming water and oil emulsions,” says Rosa Regalado, general manager at Palsgaard, 
Inc., an emulsifier manufacturer with global headquarters in Juelsminde, Denmark. “Actually, emul-
sifiers have very broad applications.” These include improving aeration, texture, and slicing of 
bakery products; preventing chocolate bloom; making ice cream creamier and more resistant to 
melting; and increasing shelf life and reducing fat content in a variety of foods.

Food emulsifier  
              fundamentalsLaura Cassiday

• Emulsifiers are amphiphilic molecules used to 
form and stabilize emulsions.

• Found in a broad range of foods, emulsifiers 
affect many food qualities such as appearance, 
texture, and shelf life.

• Natural and non-partially hydrogenated 
oil emulsifiers are experiencing increased 
demand, but taste and cost are still of primary 
importance to consumers.

Like many food additives, emulsifiers are increasingly 
under attack, led by health bloggers who fear any ingredients 
they cannot pronounce. As a result, many food manufactur-
ers are trying to reduce or eliminate synthetic emulsifi-
ers from their products. In addition, the US Food and Drug 
Administration (FDA) has mandated the removal of par-
tially hydrogenated oils (PHOs) from foods by June 18, 2018. 
Because a popular class of emulsifiers (mono- and diglycerides) 
is often synthesized from PHO raw materials, emulsifier man-
ufacturers have been forced to identify non-PHO alternatives. 
The changing emulsifier landscape presents challenges for 
maintaining food quality and affordability.

EMULSIFIER BASICS
Simple emulsions consist of either oil droplets suspended in 
an aqueous phase (o/w), or water droplets suspended in oil 
(w/o). Although emulsions can be formed fairly easily by whisk-
ing or shaking two immiscible liquids, they are thermodynami-

10   •   inform   November/December 2016, Vol. 27 (10)   
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lowers interfacial tension such that, upon continued homog-
enization, the large droplets break up into smaller ones. The 
emulsifier then coats the smaller droplets, forming a layer that 
helps prevent droplet aggregation. Droplets are repelled from 
each other by either steric or electrostatic forces. Nonionic 
emulsifiers typically have bulky groups that clash with those 
on other droplets, preventing them from coalescing. Cationic 
or anionic emulsifiers cover droplets with positive or negative 
charges, respectively, causing electrostatic repulsion between 
droplets.

In general, the smaller the droplets formed, the more sta-
ble the emulsion. Increasing the concentration of an emulsi-
fier decreases the droplet diameter until a minimum size is 
reached (McClements, D. J., and Gumus, C. E., http://dx.doi.
org/10.1016/j.cis.2016.03.002, 2016). By plotting the mean 
particle diameter versus emulsifier concentration, the effec-
tiveness of different emulsifiers can be compared (Fig. 2). 
Smaller emulsifiers, such as synthetic or natural small mole-
cule surfactants (e.g., saponins), typically form smaller droplets 
(and thus more stable emulsions) at lower concentrations than 
larger emulsifiers, such as proteins or polysaccharides (e.g., 
caseinates or gum arabic).

The hydrophilic-lipophilic balance (HLB) is a measure of 
an emulsifier’s relative water and lipid solubility (Cassiday, L., 
Inform, http://tinyurl.com/Inform-emulsions, 2014). The HLB 
scale ranges form 0 to 20. An emulsifier with an HLB of 10 is 
equally attracted to oil and water. HLB values greater than 10 
indicate hydrophilic emulsifiers (better at stabilizing o/w emul-
sions), whereas HLB values less than 10 correspond to hydro-
phobic emulsifiers (better at stabilizing w/o emulsions). The 

cally unstable. Without an emulsifier, emulsions typically break 
down in a matter of minutes, forming distinct layers of oil and 
water.

Emulsifiers are amphiphilic molecules that contain 
both hydrophilic (water-loving, or polar) and hydrophobic 
(water-hating, or nonpolar) regions (Cassiday, L., Inform, http://
tinyurl.com/Inform-emulsions, 2014). In an o/w emulsion, the 
nonpolar portion of the emulsifier interacts with the oil drop-
let, while the polar component faces the surrounding aque-
ous solution. In w/o emulsions, the emulsifier’s orientation is 
reversed: polar groups project into the water droplet, while 
nonpolar regions extend into the oily solution. These interac-
tions at the droplet interface reduce the interfacial tension 
between the two immiscible liquids, stabilizing the droplets 
and preventing them from coalescing.

Emulsifiers have two fundamental roles: formation and 
stabilization of emulsions (Fig. 1). To produce an o/w emul-
sion, an emulsifier is typically dissolved within the aqueous 
phase, and then the oil and aqueous phases are combined 
using a high-shear mixer or homogenizer (McClements, D. J., 
and Gumus, C. E., http://dx.doi.org/10.1016/j.cis.2016.03.002, 
2016). To promote emulsion formation, an emulsifier must 
adsorb rapidly onto droplets at the oil/water interface. The 
initial emulsion contains relatively large droplets (diame-
ter greater than 1 mm) coated with emulsifier. The emulsifier 
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FIG. 1. Emulsifiers help form (top) and stabilize (bottom) emulsions. 
Reprinted from Adv. Colloid Interface Sci. 234: 3–26, 2016, McClements, D. J., and Gumus, 
C. E.,“Natural emulsifiers—biosurfactants, phospholipids, biopolymers, and colloidal 
particles: molecular and physicochemical basis of functional performance,” with per-
mission from Elsevier.

FIG. 2. Emulsifiers can be compared by plotting mean particle 
diameter versus emulsifier concentration. Data from Otzurk et al. 
(2015). Reprinted from Adv. Colloid Interface Sci. 234: 3–26, 2016, McClements, D. J., 
and Gumus, C. E.,“Natural emulsifiers—biosurfactants, phospholipids, biopolymers, 
and colloidal particles: molecular and physicochemical basis of functional perfor-
mance,” with permission from Elsevier.
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TABLE 1. Common food emulsifiers

Common 
Name

Label 
Declaration Origin Applications Functionality

Direct Food 
Substances 
Affirmed as GRAS

Food Additives 
Permitted for Direct 
Addition to Food for 
Human Consumption

Lecithin Lecithin Natural  
(phospho-lipids 
from egg yolk, 
soybean oil)

• Chocolate/
coatings/
confectionery

• Baked goods
• Margarines/

spreads
• Beverages
• Ice cream

• Rheology 
modification

• Dough conditioner/
strengthener

• Increased shelf life

21CFR184.1400

Mono-Di Mono- and 
Diglycerides

Synthetic • Baked goods/ 
cakes

• Icings
• Margarines
• Shortenings

• Fat dispersion
• Aeration
• Emulsion stability

21CFR184.1505

Distilled 
Mono

Monoglycerides Synthetic • Breads/rolls
• Batters
• Cakes
• Cake Mixes

• Crumb softener
• Fat dispersion
• Emulsion stability

21CFR184.1505

Hydrated 
Mono

Monoglycerides Synthetic • Breads/rolls
• Batters
• Cakes

• Instant functionality
• Higher efficacy

21CFR184.1505

LACTEM Glyceryl-Lacto 
Esters of Fatty 
Acids

Synthetic • Fillings/icings • Aeration
• Fat dispersion
• Foam stabilization

21CFR172.852 GMP

Ethoxylated 
Mono

Ethoxylated 
Mono- and 
Diglycerides

Synthetic • Breads/rolls • Dough conditioner/
strengthener

• Improves crumb 
softness

21CFR172.834

DATEM DATEM Synthetic • Breads/rolls
• Biscuits/cookies

• Dough conditioner/
strengthener

• Improves crumb 
softness

21CFR184.1101

SSL Sodium Stearoyl 
Lactylate

Synthetic • Breads/rolls
• Batters
• Biscuits/cookies
• Fillings/icings
• Dairy

• Dough conditioner/
• strengthener
• Improves crumb 

softness
• Tightens cell 

structure
• Fat reduction
• Emulsion stabilization

21CFR172.846

PGME Propylene 
Glycol Mono- 
and Diesters of 
Fats and Fatty 
Acids

Synthetic • Bakery 
ingredients/
mixes

• Cakes/pastries/
sweet goods

• Snack cakes
• Frozen dairy

• Aeration/emulsion 
stabilization

• Fat reduction
• Moisture retention
• Increased shelf life

21CFR172.856  GMP

Whey 
Protein

Whey Protein Natural (milk 
proteins)

• Salad dressings 
• Baked goods
• Beverages
• Ice creams
• Infant formula

• Emulsion stabilization
• Increased shelf life
• Enhanced flavor/

texture/processing 
stability

21CFR184.1979

Casein Casein Natural (milk 
proteins)

• Dairy
• Coffee creamers
• Infant formula

• Emulsion stabilization
• Thickening/

texturizing

N/A (food 
ingredient, not 
additive)

N/A (food ingredient, 
not additive)

Gum 
Arabic

Gum Arabic Natural (glyco-
proteins/
poly-saccharides 
from acacia tree)

• Confectionery 
• Icings/fillings
• Ice cream
• Baked goods
• Beverages

• Emulsion stabilization
• Thickening/

texturizing

21CFR184.1330
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HLB system, which works primarily for non-ionic emulsifiers, 
can be used to find an emulsifier appropriate for a particu-
lar oil. However, just because an emulsifier has an appropriate 
HLB does not guarantee its suitability for a specific application. 
“I think there is a misconception that you can choose an emul-
sifier based solely on the HLB,” says Regalado. “It’s more com-
plex than that. You need to focus on the specific functionality 
necessary for your final application.”

EMULSIFIER SELECTION
Given the wide variety of emulsifiers on the market, choos-
ing the best emulsifier for a particular food application can 
be daunting (Table 1). According to Jim Robertson, global 
portfolio manager of emulsifiers at Corbion (headquartered 
in Amsterdam, the Netherlands), the most commonly used 
food emulsifier in the United States is lecithin, followed by 
mono- and diglycerides, and then stearoyl lactylates. “From 
a volume standpoint, lecithin is the number one emulsifier,” 
says Robertson. “But from a value standpoint, mono- and 
diglycerides comprise by far the largest portion of the US 
market.” 

Lecithin is a mixture of phospholipids typically isolated 
from soybean oil. The emulsifier is used in a variety of prod-
ucts, including confectionary, bakery, ice cream, salad dress-
ings, and margarine. Originally isolated from egg yolk, lecithin 
underlies the natural emulsification properties of eggs in 

homemade recipes for bakery products, salad dressings, and 
mayonnaise. 

Mono- and diglycerides are emulsifiers that are 
commercially manufactured by combining vegetable oil with 
vegetable-based glycerin. They are also found at low levels in 
some vegetable oils. Mono- and diglycerides are extremely 
versatile in their functionality, and for this reason they are 
found in a broad range of products. The emulsifiers are 
mixtures of mono- and diglycerides, consisting of either one or 
two fatty acids attached to glycerol. Although made through 
a manufacturing process for commercial use, mono- and 
diglycerides are also produced naturally in the human body 
upon digestion of triglycerides. “So they’re not foreign to the 
body like some chemical substances may be,” says Robertson. 
In addition to conventional mono- and diglyceride powders, 
Corbion offers hydrated monoglycerides, says Robertson. In 
the form of a paste, hydrated monoglycerides structure water 
between a lipid bilayer. This “instant” functionality reduces 
the amount of mechanical energy and heat needed in the food 
production process.

Some emulsifiers can facilitate the replacement of solid 
fats, such as shortening, with liquid vegetable oils. “By using 
the emulsifier PGME [propylene glycol monoesters] in a cake, 
you can actually lower the saturated fat content, but still 
get the proper aeration,” says Robertson. Corbion recently 
expanded its manufacturing plant in Dolton, Illinois, USA, 
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to enable the production of PGME emulsifiers, which are 
expected to be added to the company’s portfolio in the second 
quarter of 2017.

To help customers select an emulsifier, Palsgaard’s web-
site displays emulsifiers suitable for different food categories. 
“Our website has been designed as a user-friendly tool to help 
our customers identify the right emulsifier for their particu-
lar application, whether it is bakery, confectionary, dairy, ice 
cream, or fats and oils,” says Regalado. She notes that custom-
ers can contact different Palsgaard subsidiaries through the 
website to be guided on appropriate emulsifier selection for 
their particular application.

“Currently, there’s not a comprehensive resource where 
you can go to really compare the advantages and disadvan-
tages of different emulsifiers,” says D. Julian McClements, pro-
fessor of food science at the University of Massachusetts, in 
Amherst. “The things you have to think about are cost, label-
ing issues, regulations, and then all of the physicochemical 
aspects—how much emulsifier do you need, what’s the small-
est droplet size you can produce, and under what range of 
environmental conditions will the emulsifier be stable. A lot 
of our research is aimed at being able to provide that kind of 
information.”

EVALUATING EMULSIFIERS
Food scientists like McClements hope to reduce the trial and 
error associated with emulsifier selection by characterizing var-
ious emulsion parameters under conditions that simulate com-
mercial applications. For example, food scientists can evaluate 
the surface activity of an emulsifier by measuring the interfa-
cial tension versus emulsifier concentration profile.  “We also 
measure particle size versus emulsifier concentration, which 
tells you the minimum amount of emulsifier needed to stabi-
lize the system and the smallest droplet size you can get,” says 
McClements. The researchers use light scattering to measure 
particle size and electrophoresis to evaluate particle charge.

Environmental stress tests are also important for charac-
terizing emulsifiers. “We’ll expose the emulsion to different 
pH, ionic strength, or temperature extremes, or to shearing, 
freezing, thawing, or dehydration, and then we see if the emul-
sion is stable after we’ve stressed it,” says McClements. Based 
on these experiments, the researchers make a stability map to 
identify suitable conditions for a particular emulsifier. Usually, 
nonionic emulsifiers are more stable than ionic emulsifiers 
over a wide range of conditions because they are less sensitive 
to the effects of pH and salt.

Lipid oxidation is another important consideration when 
evaluating an emulsifier. Negatively charged emulsifiers may 
reduce shelf life in an o/w emulsion because they can attract 
positively charged transition metals, such as iron, that promote 
lipid oxidation. In contrast, positively charged emulsifiers repel 
like-charged transition metals, potentially reducing lipid oxida-
tion. Thick interfacial layers of nonionic emulsifiers can reduce 
the diffusion of pro-oxidants into lipid droplets. To lengthen 
shelf life, negatively charged emulsifiers may require the addi-
tion of antioxidants, especially those targeted to the lipid inter-
face, says McClements.

EMULSIFIERS UNDER FIRE
The current trend for “natural” and “pronounceable” food 
ingredients has placed many food additives, including emul-
sifiers, under attack. Food bloggers with little or no scien-
tific background attract thousands of followers, and criticisms 
of food ingredients quickly go viral. “I think the concerns 
about emulsifiers really stem from an unscientific place,” says 
Robertson. He cites the example of the dough conditioner azo-
dicarbonamide (ADA), an approved food additive. “Because 
ADA has also been approved for use in plastics, it was demon-
ized by social media, and the industry responded by remov-
ing it almost across the board from all foods,” says Robertson. 
“Ironically, ADA was used in foods for decades before it was 
used in non-food applications.” 

Regalado notes that some supermarkets and restaurants 
now have a “no-no” list of disallowed ingredients. “Some 
emulsifiers, such as SSL [sodium stearoyl lactylate], are 

FIG. 3. Examples of natural emulsifiers. Reprinted from Adv. Colloid 
Interface Sci. 234: 3–26, 2016, McClements, D. J., and Gumus, C. E.,“Natural emulsifiers—
biosurfactants, phospholipids, biopolymers, and colloidal particles: molecular and 
physicochemical basis of functional performance,” with permission from Elsevier.
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under scrutiny,” she says. “We don’t have any evidence from 
toxicological studies showing that SSL can be harmful, and 
we don’t know what the basis is for disallowing this type of 
ingredient.” Even natural emulsifiers, such as lecithin, are 
not safe from attack if they are deemed “unpronounceable” 
or “chemical-sounding,” or are isolated from genetically 
modified organisms (GMOs). “Being in the food industry right 
now is challenging,” says Regalado. “We have to educate 
our customers about the functionality and safety of our 
ingredients so they can make an informed decision, rather 
than just believing something they read on the Internet.”

Critics of emulsifiers often cite studies of rodents that are 
fed unrealistic amounts of the ingredients and then develop 
tumors, obesity, or other health problems. A 2015 paper in 
Nature garnered much media attention after it linked two food 
emulsifiers (carboxymethylcellulose and polysorbate-80) to 
disturbances in gut microbiota, intestinal inflammation, and 
metabolic syndrome in mice (Chassaing, B., et al., http://dx.doi.
org/10.1038/nature14232). However, experts have pointed 
out that the very high intake of the emulsifiers by the rodents 
(comparable to 150 g of emulsifier for a 60-kg human adult per 
day) vastly exceeds the minute amounts of emulsifiers present 
in foods (Gray, N., http://tinyurl.com/emulsifier-study, 2015).

The source of raw materials used to isolate or synthe-
size an emulsifier can also make it unpopular in the public eye. 
As mentioned above, GMO-derived ingredients can cause 
consumer concern, despite the fact that scientific evidence 
supports their safety. Emulsifiers synthesized from palm oil 
worry environmentalists because of deforestation in Malaysia 
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and Indonesia linked to palm oil production. And mono- and 
diglycerides are sometimes synthesized from PHOs, which 
could introduce tiny amounts of trans fats into foods that con-
tain the emulsifiers.

Whether or not any criticisms of emulsifiers are well-
founded, recent trends in the food industry indicate that man-
ufacturers are taking consumer concerns seriously.

GOING NATURAL
Natural emulsifiers include biosurfactants (e.g., saponins), 
phospholipids (lecithin), biopolymers (proteins and polysac-
charides), and colloidal particles (starch, chitin) (Fig. 3, page 
14). Saponins are small-molecule surfactants isolated from 
the bark of the tree Quillaja saponaria (McClements, D. J., 
and Gumus, C. E., http://dx.doi.org/10.1016/j.cis.2016.03.002, 
2016). These biosurfactants have regions that are hydrophilic 
(e.g., sugar groups) and others that are hydrophobic (e.g., phe-
nolic groups). Saponins are capable of forming emulsions con-
taining small droplets (diameter less than 200 nm) that, unlike 
those formed by many other natural emulsifiers, are stable 
over a broad range of pH, ionic strength, and temperature 
conditions. A saponin extract called Q-Naturale® (Ingredion, 
Bridgewater, New Jersey, USA) is commercially available.

Protein emulsifiers can have either flexible, random coil 
structures (casein, gelatin) or compact, globular conformations 
(whey, soy, egg, and plant proteins). Charged groups (typically 
negative) on proteins electrostatically repel emulsion droplets 
to keep them from coalescing. “Proteins can form small emul-
sion droplets, but the challenge is that they’re very sensitive 
to pH, ionic strength, and temperature, so they don’t perform 
as well as a lot of the synthetic emulsifiers in food products,” 
says McClements. “What we’re doing now is looking at a whole 
series of different types of protein sources—pea proteins, lentil 
proteins, even insect proteins, as well as traditional dairy pro-
teins like whey and casein—just to establish the range of con-
ditions under which they work and don’t work as emulsifiers.” 
McClements notes that protein emulsifiers must be carefully 
tested for allergenicity, which is usually not a problem for syn-
thetic emulsifiers.

Unlike protein emulsifiers, polysaccharide emulsifiers are 
stable over a wide range of conditions. However, because of 
their larger size, they do not readily form small droplets during 
homogenization. “Often what you’re trying to do is blend dif-
ferent types of natural emulsifiers together to get improved 
functionality,” says McClements. “You might have one emul-
sifier that absorbs quickly and forms small droplets (such as a 
protein), and then another emulsifier that absorbs more slowly 
but forms a thicker, more electrically charged layer (such as a 
polysaccharide).”

Colloidal natural emulsifiers, such as starch granules or 
chitin crystals, have also attracted attention in recent years. 
Although emulsions formed with colloidal emulsifiers are very 
stable, they typically contain relatively large oil droplets (diam-
eter greater than 2 mm) (McClements, D. J., and Gumus, C. E., 
http://dx.doi.org/10.1016/j.cis.2016.03.002, 2016). Researchers 
are currently trying to identify ultrafine colloidal particles from 
natural sources that can form smaller oil droplets.

LEAN LABEL
Although synthetic emulsifiers may never qualify for a 
“clean” label, they could at least contribute to a “lean” label, 
says Regalado. “At Palsgaard, we try to work with the least 
possible amount of emulsifiers,” she says. Regalado has 
observed that some labels, especially for bakery products, 
contain multiple emulsifiers. “In the past, different emulsifi-
ers were added to solve individual problems in a formulation 
instead of looking at the recipe as a whole, resulting in a long 
list of ingredients,” she says. “By substituting multiple emulsi-
fiers with a single one that is more functional, the ingredients 
list can be reduced.”

“There have been a lot of trends in the food industry in 
recent years, but I think clean and lean labels are having a 
definite impact,” says Regalado. “Our upper management has 
taken that into consideration, and we are working on the next 
generation of emulsifiers. We have to be proactive and bring 
new ingredients to the table.” She notes that new emulsifiers 
are not going to be available overnight because, once devel-
oped, they must undergo rigorous testing to ensure functional-
ity and safety.  

NON-PHO MONO- AND DIGLYCERIDES
Historically, many emulsifier manufacturers synthesized mono- 
and diglycerides using PHOs as raw materials. However, on 
June 17, 2015, the US FDA revoked the GRAS status of PHOs for 
food use, requiring PHOs to be removed from the food supply 
by July 18, 2018. Whether the FDA will allow continued use of 
PHOs at low levels as food additives is currently unclear. In any 
case, the reduced supply and increased cost of PHOs as a result 
of the ruling makes their use as raw materials for emulsifiers 
untenable, says Robertson.

One month after the FDA ruling, Corbion launched the 
ENSEMBLE™ line of non-PHO emulsifiers. Made from a propri-
etary blend of non-PHO oils, these emulsifiers are a “drop-in” 
solution for PHO-based mono- and diglycerides. Because the 
non-PHO emulsifiers have very similar properties to the PHO-
based versions, food manufacturers can in most cases avoid 
product reformulation. Other emulsifier suppliers, such as 
Palsgaard, likewise offer non-PHO emulsifier solutions.

TASTE IS STILL KING
Although consumers have expressed increased interest in nat-
ural ingredients and clean labels, market research shows that 
consumers still buy products based primarily on taste and 
price. “Taste is still king,” says Robertson. “So what you don’t 
want to do is replace functional food additives with something 
that has the potential to reduce the overall quality and raise 
the price.” Until natural emulsifiers are identified that can per-
form the broad range of functions carried out by synthetics, 
reformulation efforts to generate clean labels may not ulti-
mately drive increased sales.

Laura Cassiday is an associate editor of Inform at AOCS. She can 
be contacted at laura.cassiday@aocs.org.
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Microfluidics technology allows fluids to be manipu-
lated and controlled at the micrometer length scale. 
Microfluidic systems are known to form monodisperse 
emulsions that require less energy than emulsions pro-
duced with conventional emulsification techniques, 
and because of the low energy dissipation, microflu-
idics can be used to produce heat-sensitive products. 
However, using microfluidics for large-scale emulsion 
production is still in the early stages of development, 
and most of the research so far has been conducted 
on model non-food systems (Schroën, et al. 2015; Mui-
jlwijk, Berton-carabin, et al. 2016).

Apart from the production of emulsions, microfluidics has the 
potential to be used as an analytical tool to study emulsification mech-
anisms. Many phenomena relevant to food structure and formulation 
take place in the micrometer length and millisecond time scales which 
can be assessed with microfluidics. For example, Schroën, et al. (2016) 
have shown that findings in microfluidics can be used for membrane 
emulsification design. This article explains how microfluidic methods 
can be used to measure emulsifier adsorption and emulsion stability. 
Such methods can lead to a better understanding of droplet formation 
and stability at the relevant length and time scales, which in turn can 
help industry optimize current emulsification processes (Muijlwijk, et al. 
2015).

Using microfluidic tools  
               to understand  
      emulsification
Kelly Muijlwijk, Herditya Harsono, Xuezhu Li, Karin Schroën, and Claire Berton-Carabin

• A Y-junction microfluidic device can 
be used to measure interfacial tension 
within milliseconds of emulsion droplet 
formation.

• Emulsion stability under flow can 
similarly be measured directly after 
droplet formation using a coalescence 
channel.

• The ability to assess the formation and 
stabilization of emulsion droplets in the 
micrometer length and millisecond time 
scales makes microfluidic investigations 
relevant for industrial emulsification 
processes. 
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EMULSIFIER ADSORPTION
Emulsion droplets must be stabilized against coalescence 
through emulsifier adsorption at the oil-water interface. When 
the interface is not stabilized before droplets collide, recoales-
cence will increase the size of the droplets. This results in a 
physically unstable emulsion. It is therefore important to rap-
idly stabilize the interface as soon as possible after emulsion 
droplets are formed. Emulsifier adsorption can be quantified 
by measuring the interfacial tension at a time scale that is rel-
evant for droplet formation and collision (i.e., < milliseconds). 
Such information will provide insight in emulsifier adsorption 
in the early stages after droplet formation. 

An example of a microfluidic device that enables inter-
facial tension measurements in the desired time scale is the 
Y-junction (Fig. 1-I). A droplet detaches when the shear force 
from the continuous phase exceeds the interfacial tension 
force that tends to keep the droplet attached to the phase to 
be dispersed. A model was developed to describe this process, 
and accordingly, interfacial tension at the moment of droplet 
break-up can be successfully predicted based on the droplet 
size, continuous phase viscosity and velocity, and on the dis-
persed phase flow rate  (Muijlwijk, Hinderink, et al. 2016). With 
this method, the interfacial tension of hexadecane droplets 
formed in water with sodium dodecylsulfate (SDS) was mea-
sured. When droplet formation time or surfactant concen-
tration increased, the interfacial tension was lowered due to 
surfactant adsorption. As a result, the droplet size decreased 
because less shear force was needed to overcome the interfa-
cial tension (Fig. 1-II). 

The results obtained with the Y-junction were compared 
with the results of a drop volume tensiometer (Fig. 2). The 
Y-junction operates in the millisecond time scale, while the 
drop volume tensiometer operates in the second time scale. A 
considerable interfacial tension reduction was measured with 
the Y-junction (i.e., in the millisecond scale) while the interfa-
cial tension reduction with the drop volume tensiometer was 
slower. This difference can be attributed to the flow conditions 
during the measurement. The drop volume tensiometer mea-

sures under static conditions in which surfactant transport is 
diffusive, while the Y-junction measures under flowing condi-
tions in which surfactant transport is, most likely, convective 
(Muijlwijk, Hinderink, et al. 2016).

The ability to measure the interfacial tension in the milli-
second-time scale and under convective mass transport makes 
the Y-junction a more relevant tool for measuring industrial 
emulsification conditions in which droplets need to be stabi-
lized rapidly to prevent recoalescence, and where surfactant 
transport is convective because of the turbulent flow. Such 
measurements contribute to the knowledge base needed to 
optimize conditions and ingredient formulation for industrial 
emulsification processes. 

EMULSION STABILITY
Understanding the mechanisms involved in the early stabi-
lization of the oil-water interface is key to preventing reco-
alescence, which occurs directly after droplet formation. 
Recoalescence increases the size of the droplets, and extra 
processing steps are often needed to reduce their size again. 
During the industrial production of emulsions, high emulsi-
fier concentrations are generally used. These concentrations 
are often much higher than what is theoretically needed to 
achieve full-surface coverage, and they are determined based 
on empirical testing and static coalescence studies—not the 
dynamic conditions that occur directly after droplet formation. 
Consequently, more detailed information regarding interface 
stabilization by emulsifiers directly after droplet formation is 
needed to understand and optimize the industrial emulsifica-
tion process.

With microfluidics, it is possible to measure the coales-
cence of individual droplets in a dense and flowing system in 
close detail in the desired time scale—something that is not 
possible with common macroscopic techniques. The coales-
cence channel developed by Krebs, et al. (2012) is an example 
of a microfluidic device designed to measure emulsion droplet 

ANALYTICAL TECHNOLOGIES

FIG. 1. An overview of a microfluidic Y-junction, with the continu-
ous phase channel (A), the dispersed phase channel (B), the drop-
let transport channel (C), and the collection part (D) (Muijlwijk, 
Hinderink, et al. 2016). II) Microscope images of hexadecane drop-
lets formed in 0.01 and 0.3 wt. % SDS taken at the collection sec-
tion (D). The measured interfacial tension (γ) is indicated.

FIG. 2. Interfacial tension of 0.01 (●), 0.05 (▲), 0.1 (♦), 0.3 (n),  
0.5 (▲) and 1 (●) wt. % SDS measured with a microfluidic 
Y-junction (symbols) and a drop volume tensiometer (solid lines). 
The interfacial tensions between hexadecane and water (γwater) 
and 1 wt. % SDS (γsds) are indicated as dashed lines (Muijlwijk, 
Hinderink, et al. (2016).
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stability. Krebs, et al. measured coalescence time and critical 
coalescence concentration in the presence of sodium dodecyl-
sulfate (SDS). Droplets were formed at a T-junction and then 
traveled through a meandering channel which allowed adsorp-
tion of the emulsifier. After that, droplets entered the wider 
coalescence channel where they could collide and, if not sta-
ble, coalesce (Fig. 3). 

Coalescence stability was quantified with the relative 
droplet volume (Φ = Vf / Vi), where Vi is the initial droplet vol-
ume and Vf the final droplet volume. The relative droplet vol-
ume was calculated for different SDS concentrations (Fig. 4). 

The emulsion was stable when the final droplet volume 
was equal to the initial droplet volume (i.e., Φ = 1). Coalescence 
occurrence decreased with increasing SDS concentration, 
and the emulsion was already stable at 2∙10-7 M SDS, which is 
remarkably low compared to concentrations normally used to 
obtain a stable emulsion. It should be pointed out that these 
emulsions were stable for the time they were in the coalescence 
channel, indicating that the time scale of film drainage was 
larger than the residence time (i.e., between 0.9 and 7.4 s). The 
change in stability at 2∙10–7 M SDS was attributed to a change in 
interfacial mobility; below this critical concentration, the inter-
face was partially mobile and changed to an immobile interface 
at the critical concentration, thereby film drainage slowed down 
and thus coalescence time increased. 

The coalescence channel can be used to assess emulsion 
stability, and more specifically it is possible to measure coales-
cence time and the critical emulsifier concentration needed 
to stabilize an emulsion. By changing the meandering channel 
length, the time allowed for adsorption before entering the 
coalescence channel can be varied, which can help us under-
stand the influence of emulsifier adsorption on coalescence. 
Consequently, the coalescence channel can be used to mea-
sure the influence of processing conditions (e.g., flow condi-
tions and adsorption time) and ingredient formulation (e.g., 
emulsifier type and concentration) on coalescence dynamics, 
and such information will be useful for industry to optimize the 
emulsification process.

OUTLOOK
The use of microfluidic Y-junctions and coalescence channels 
to assess the early formation and subsequent stability of emul-
sion droplets has been validated with a model surfactant and 
can now be expanded to food emulsifiers (e.g., surfactants and 
proteins). In industry, combinations of emulsifiers are often 

used to stabilize emulsions, and the performance of different 
emulsifier combinations can be measured in great detail with 
the presented methods. This allows exploration of emulsifier 
behavior at the oil-water interface, and subsequent emulsion 
stability. Such insights can help to improve process conditions 
and can also be used to test product formulations ab initio, 
thereby reducing product development time considerably.

The microfluidic devices discussed here are only two 
examples of analytical tools that can be used in emulsion 
research. The versatility of microfluidics makes it relatively 
easy to design a device with dedicated features, and the high 
droplet monodispersity and small fluid quantities make micro-
fluidics the ideal candidate for fast formulation screening. Next 
to food, microfluidic methods can be applied in various areas 
such as biology, chemistry, and medicine. 

Kelly Muijlwijk is a PhD candidate in the Food Process 
Engineering group of Wageningen University, The Netherlands. 
She obtained her bachelor’s and master’s degrees in food 
technology, specializing in dairy science and technology, from 
Wageningen University. Her current research focuses on the 
development of microfluidic devices that can be used to obtain 
more insight in emulsifier adsorption and droplet stability  
during production of food emulsions. She can be contacted at  
kelly.muijlwijk@wur.nl  
 

FIG. 3. Schematic drawing 
of the microfluidic coales-
cence channel. Images 
are recorded in the region 
indicated by the rectan-
gle. Microscope images of 
hexadecane droplets in 
10-3 and 10-8  M SDS are 
shown at the right. Adapted 
from Krebs, et al. (2012) with per-
mission from The Royal Society of 
Chemistry.

FIG. 4. Relative droplet volume (F) as a function of SDS 
concentration at different total flow rates (qt). From Krebs, et al. (2012) 
with permission from The Royal Society of Chemistry.
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Microalgae are considered to be one of the most 
promising feedstock materials for developing a sustain-
able supply of commodities, including food and non-
food products (Batista et al. 2013). They also produce 
natural compounds that could be used as functional 
food ingredients to enhance the nutritional value of 
foods (Borowitzka 2013).

Microalgae are a more sustainable and efficient source of lipids and 
long-chain fatty acids (LCFA) than conventional livestock. Their sustain-
ability is based on the efficient use of solar energy, CO2, and nutrients, 
offering rapid growth and high yields of lipid- and carbohydrate-rich bio-
mass (Mitra et al. 2015). Moreover, these microorganisms convert inor-
ganic substances such as carbon, nitrogen, phosphorus, sulfur, iron, and 
trace elements into organic matter (green, blue-green, red, brown, and 
other-colored biomass) (Batista et al. 2013).

Several fatty acids (FAs) are synthesized by humans, but the human 
body cannot produce omega-3 and omega-6 polyunsaturated fatty acids 
(PUFAs). Therefore, both of these PUFAs, which are necessary for human 
health, are entirely derived from the diet.

 Typical Western diets have omega-3/omega-6 ratios that are pro-
foundly skewed toward omega 6, with omega-3/omega-6 ratios as high 
as 1:25 reported in the literature (Kleiner et al. 2014). This is mainly due 
to a disproportionately greater consumption of omega-6-rich vegeta-
ble oils (e.g., sunflower, peanut, corn) than omega-3-rich food sources, 
such as seafood and nuts. High omega-6 ratios are believed to promote 
or cause cardiovascular disease and other chronic conditions (Kleiner et 
al. 2014); consequently, nutrition experts have recommended omega-3/
omega-6 fatty acids ratios of ≤ 1:5 (FAO 2008), and emphasize the need 
to consume seafood (notably fish), green vegetables, and other foods 
that are rich in omega-3s (FAO 2008).  

As reported by Armenta and Valentine (2013), single cell oils (SCO) 
contain the same long-chain polyunsaturated fatty acids (LC-PUFA)—
eicosapentaenoic acid (EPA)  and docosahexaenoic acid (DHA)—derived 

Essential fatty acids  
            from microalgaeÂngelo Paggi Matos 

• Algal oils are rich in long-chain fatty 
acids (LC-FAs) with favorable omega-3/
omega-6 ratios.

• Researchers recently examined the 
lipid contents, fatty acid compositions, 
and omega-3/omega-6 ratios of six 
microalgae species.

• This article, based on a paper published 
in the Journal of the American Oil 
Chemists’ Society (JAOCS), summarizes 
their results. 
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Essential fatty acids  
            from microalgae

from algae, and are therefore considered to be a promising 
alternative to oils from fish and land-based plant sources.

Our research group at the Federal University of Santa 
Catarina in Brazil, recently evaluated the lipid content, 
fatty acids composition, and omega-3/omega-6 ratios of 
six microalgae species: Chlorella vulgaris, Spirulina platen-
sis, Nannochloropsis gaditana, Nannochloropsis oculata, 
Phaeodactylum tricornutum, and Porphyridium cruentum 
(Matos et al.). 

Table 1 shows the intracellular lipid contents of the six 
species, which vary from 5.3%—15.6% of dry matter. The 
marine alga P. cruentum and freshwater species S. platensis 
have relatively low lipid contents (5.3% and 5.5%, respectively). 
The algae N. gaditana and C. vulgaris have low to moderate 
lipid contents (8.1% and 12.8%, respectively), while P. tricornu-
tum and N. oculata have the highest lipid contents (14.9% and 
15.6%, respectively), with an interesting composition in terms 
of PUFA-omega 3 (Table 1).

The data from Table 1  indicate that the omega-3/omega 
6-ratios of the algae species decreased in the order of N. ocu-
lata (6.88) > P. tricornutum (6.10) > C. vulgaris (2.10) > P. cruen-
tum (0.15) > S. platensis (0.12) > N. gaditana (0.08), (Table 1). 
These results are in accordance with findings of other authors. 
For example, Batista et al. (2013), reported that the omega-3/
omega-6 ratios in marine algae species were higher than those 
in freshwater algae species, suggesting that the marine species 
N. oculata and P. tricornutum could be categorized as benefi-
cial to human health consumption.

Since fish and humans do not synthesize PUFAs or readily 
convert omega-6s to omega-3 PUFAs, the levels of these bio-
molecules are largely determined by dietary intake (Kleiner et 
al. 2014). Therefore, algal diets with low (SFA + MUFA)/PUFA 
ratios and omega-3/omega-6 ratios higher than 2 are optimal 
for the feeding of larval and juvenile oysters (Mitra et al. 2015). 
For all microalgae studied, C. vulgaris appears to be the most 
suited for use as feed in aquaculture (Table 1).

The microalgal lipid fraction was analyzed in terms of fatty 
acid composition. The main fatty acids were identified as well as 
the proportion of total saturated fatty acid (SFA), monounsatu-
rated fatty acid (MUFA), and omega-3 and omega-6 PUFA (Fig. 
1). We observed that N. gaditana contains 68.0% SFA—mainly 
comprised of palmitic acid (C16:0)—and a low content of PUFA 
(5.0%). Similarly, S. platensis contains a high percentage of SFA 
(52%)—also mainly C16:0—but also contains 33% PUFA, with 
a much larger proportion of omega-6s in relation to omega 3s 
(Table 1). S. platensis is also rich (1.9 g/100g biomass) in γ-linole-
nic acid (GLA). GLA has been associated with several beneficial 
health effects, including a reduction in low-density lipoproteins 

(LDL). It also serves as a precursor to C20 eicosanoids (prostaglan-
dins, leukotrienes and thromboxanes), which have anti-inflam-
matory effects, stimulate cancer cell death, and reduce pain and 
inflammation associated with rheumatoid arthritis, among other 
benefits (Kleiner et al. 2014). The species S. platensis is a well-
known source of GLA (C18:3 omega 6), since in cyanobacteria 
this fatty acid plays a role similar to that of α-linolenic acid (ALA, 
C18:3 omega 3) in algae and higher plants.

The green alga C. vulgaris contains 30% SFA (mainly 
C16:0), 10% MUFA (mainly C16:1), and 60% PUFA, with a higher 
proportion of omega-3s. In fact, except for S. platensis, N. gadi-
tana, and P. cruentum, all other microalgae studied present 
omega-3/omega-6 ratios of ≥ 2, as can be observed in Table 
1. Indeed, in cyanobacteria such as S. platensis, the unsatu-
rated double bonds are preferentially in the omega-6 posi-
tion, while in Chlorophyceae they are mainly in the omega-3 

ALGAL OILS

TABLE 1. Lipid content (saturated + monounsaturated/polyunsaturated fatty acids) and omega-3/omega-6 ratios  
from six microalgae species

C. vulgaris S. platensis N. gaditana N. oculata P. tricornutum P. cruentum
Lipids 12.8 ± 0.1 5.5 ± 1.2 8.1 ± 0.1 15.6 ± 1.1 14.9 ± 0.4 5.3 ± 0.3
omega-3/omega-6 2.10 0.12 0.08 6.88 6.10 0.15
(SFA + MUFA)/PUFA 0.66 2.03 19.0 1.77 1.33 0.66
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position (Batista et al. 2013). As shown in Fig. 1, C. vulgaris and 
P. cruentum have the same PUFA content (60%). However, in 
C. vulgaris, α-linolenic acid (ALA, C18:3 omega 3) contributed 
most to this species’ higher omega-3/omega 6-ratio, while in 
P. cruentum arachidonic acid (AA, C20:4 omega 6) was primar-
ily responsible for this alga’s lower omega- 3/omega 6-ratio, 
which is 10 times lower than that of C. vulgaris.

On the other hand, P. cruentum is rich in AA (3.8 g/100g) 
and could serve as a source material for producing this fatty 
acid which, as a result of its metabolic breakdown, leads to 
an increased production of prostaglandin E2 (a group of hor-

mone-like substances which participate in a wide range of 
bodily functions), thromboxane, and leukotriene (Kleiner et al. 
2014).

In the marine  alga N. oculata and the diatom P. tricornu-
tum, the main SFA is palmitic acid (C16:0), and the main MUFA 
is palmitoleic acid (C16:1). These two microalgae also contain 
36% and 44% PUFA, respectively, with favorable omega-3/
omega-6 ratios of about 6.5. They are also rich in EPA and have 
a small fraction of DHA. N. oculata contains 3.1 g EPA and  
45 mg DHA per 100 g microalgal biomass, while P. tricornutum 
has 2.8 g EPA and 84 mg DHA per 100 g microalgal biomass. 

 

Fig. 1 Chart showing fatty acids composition from six microalgae biomass.
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The main market of an oil rich in both DHA and EPA  is 
infant formula, which is mostly derived from a strain of 
Schizochytrium that recently entered the market (Borowitzka 
(2013). Currently, there is no other commercial production of 
EPA-rich oils from microalgae, but Aurora Algae has announced 
a product from the marine eustigmatophyte Nannochloropsis. 
According to the American Heart Association, a daily intake of 
500 mg EPA + DHA and 800–1000 mg of ALA per day are rec-
ommended for the primary prevention of coronary heart dis-
ease (FAO, 2008). The results of our evaluations indicate that 
the marine species N. oculata and P. tricornutum are poten-
tial sources of EPA, with an average of 2.8 g/100g, whereas 
C. vulgaris has a robust ALA (2.8 g/100g) -producing profile. 
Therefore, such microalgae have an enormous potential for 
applications in the development of health-enhancing products, 
such as single cell oils (SCO).

Principal Component Analysis (PCA) was applied to 
determine which variables (main fatty acids) best define and 
differentiate the six microalgae species. Fig. 2 shows the 
projection of the microalgae samples, which are distributed in 
planes according to their fatty acid compositions. In the upper-
right quadrant, N. oculata and P. tricornutum are positively 
correlated because of their EPA and DHA contents. In the 
lower-left quadrant, the red alga P. cruentum is distinguished 
from all other algae studied due to the high levels of AA 
and LA it produces. The green alga C. vulgaris and blue-
green alga S. platensis, which are both producers of ALA 
and GLA, are located in the upper-left quadrant, while the 

 

 

 

Fig. 2 Principal component analysis (PCA) projection and distribution of the six 

microalgae species and their major fatty acid component. 
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FIG. 2. Principal component analysis (PCA) projection and distri-
bution of the six microalgae species and their major fatty acid 
component. C18:2 omega-6 (LA linoleic acid), C18:3 omega-3 
(ALA α-linolenic acid), C18:3 omega-6 (GLA γ-linolenic acid), C20:4 
omega-6 (AA arachidonic acid), C20:5 omega-3 (EPA eicosapen-
taenoic acid), C22:6 omega-3 (DHA docosahexaenoic acid)

species N. gaditana is positioned in the upper-right quadrant  
associated with the major SFAs, especially the acid C16:0. 
In the microalgae we studied, it was observed that higher 
total omega-3 PUFA values are associated with higher C16:1, 
EPA, and DHA levels, and that there are positive correlations 
between total omega-6 PUFA and ALA or AA.
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the Laboratory of Food Biotechnology at Federal 
University of Santa Catarina – Brazil. He can be 
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Spurred on by youthful exuberance and an inter-
est in just about everything, I enjoyed my biochemi-
cal degree work but wasn’t clear exactly what I wanted 
to do with my life. I was wondering about becom-
ing a pilot when, one day, I heard an inspiring lecture 
about membrane lipids. Not only did they seem to 
be much more metabolically dynamic that one might 
suspect [with average turnovers (T½) of 24h], but also 
some had T½ values of three or four minutes! So it was 
that I started my PhD with the aforementioned inspi-
rational lecturer, J.N. (Tim) Hawthorne. It concerned 
inositol lipids—before they were famous. After grad-
uating, I did a post-doctoral with the “father of plant 
lipids,” Paul Stumpf, and so had the background to 
my future career—working on diverse aspects of lipid 
metabolism, from medical aspects, through plants, to 
microbes.

The 2016 winner of the Stephen S. Chang 
Award, John L. Harwood, is a leading 
biochemist and lipid scientist whose 
work paved the way for improvements  in 
medicine, agriculture, and human health. 
This article describes his:

• design and testing of an artificial 
surfactant mixture as a treatment for 
respiratory distress in premature babies 
born without pulmonary surfactant;

• elucidation of the mode of action of 
various herbicides and other pesticides;

• demonstration of the benefits of n-3 
polyunsaturated fatty acids (PUFAs) 
for arthritis that led n-3 PUFAs to be 
incorporated into dog food, as well as 
their use for reducing Alzheimer’s and 
cardiovascular diseases;

• characterization and flux control 
analysis of triacylglycerol formation in 
four of the major oil crops that revealed 
which parts of the biosynthetic pathway 
would be most useful to manipulate to 
increase yields. 

   Research with  
               a purposeJohn L. Harwood

The following article is based on a presentation by John L. Harwood (cen-
ter), the 2016 Stephen S. Chang Award winner. Harwood delivered his 
address on May 2 at the 107th AOCS Annual Meeting and Expo in Salt Lake 
City, Utah, USA.
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I have always found research to be fascinating and have 
never lacked enthusiasm and determination to carry it on 
to some sort of conclusion. Of course, I have had to con-
vince others that it was worth doing, otherwise I could never 
have obtained funding. However, although I never set out to 
be involved in applications or, indeed, to have patents in my 
name,  almost all of the research I have initiated has ended 
up with a clear industrial or medical purpose, even if indirect. 
I have found this additionally satisfying and, in some cases, 
especially so.

FIRST INTERACTIONS WITH INDUSTRY
As a young lecturer in Cardiff, Wales, one of my first jobs was 
to get some funding. One way was to obtain a Collaborative 
Awards in Science and Engineering (CASE) studentship which 
involved collaboration and partial funding from industry. My 
previous work with Stumpf had been noted by A.T. (Tony) 
James, the inventor of gas liquid chromatography. This eased 
my efforts in persuading Unilever to fund two successive proj-
ects on the function of chloroplast lipids. Ironically, this was an 
area of pure “blue sky” enquiry, but it gave me a very valuable 
insight into the way that research in a large company was car-
ried out.

Cardiff is on the south coast of Wales, which is on the 
Western side of the United Kingdom. To the north of the city 
was an industrial area, “The Valleys,” where steel making and 
coal mining gave rise to much lung disease. Apart from working 
on the biochemical consequences of silicosis, I became aware of 
acute respiratory distress in the newborn. This disease, which 
caused thousands of deaths in premature babies at that time, 
was due to the fact the pulmonary surfactant is not produced 
until it is normally needed (i.e., near term).  Thus, babies born 
prematurely (say at 32 weeks, or less, of gestation) will not have 
any surfactant and be unable to breathe properly [1].

Lung surfactant is an unusual lipoprotein mixture (Table 
1). As befits material constantly exposed to the air and in keep-
ing with its function to form a monolayer at the alveolar liq-
uid surface, dipalmitoylphosphatidycholine (DPPC), is a major 
component.  Because DPPC has a Tc of 43oC, unsaturated lip-
ids are needed to ensure functionality at body temperature.  
Interestingly, phosphatidylglycerol (a very minor component of 
most animal tissues) is the second most abundant lipid constit-
uent.  There are also four characteristic surfactant proteins.

Experiments by ourselves and others showed that it was 
possible to successively instil surfactant into animal lungs, and 
this was clearly a possible treatment for babies. In collabora-
tion with colleagues at Cambridge University, we designed and 
tested an artificial surfactant mixture which was successful.  
Since that time, various different preparations were produced 
of which those isolated from animal lungs are most widely 
used [2]. Because surfactant instillation only has to be carried 
out once or twice, immuno-sensitivity doesn’t seem to be a 
problem. So successful is surfactant therapy that, essentially, 
acute respiratory distress due to surfactant insufficiency has 
been completely eliminated in developed countries—a most 
rewarding outcome.

HERBICIDES AND OTHER PESTICIDES
While in Paul Stumpf’s Laboratory, I did some work on fatty 
acid elongation and used various inhibitors, including thiocar-
bamate herbicides. Thus, we were involved in elucidating their 
mode of action as well as that of various pyridazinones that 
affected fatty acid desaturation [3].

Perhaps the most interesting herbicides we worked with 
were the graminicides that were selective weed-killers against 
grasses (Fig. 1, page 30). There are two main groups of such 
compounds: aryloxyphenoxypropionates (“Fops” such as flu-
azifop) and the cyclohexanediones (“Dims,” e.g., sethoxydim). 
Although such compounds rapidly gained a significant (up to 
15%) market share for weed killers, their mechanism of action 
was unknown. Most surprisingly, they acted on acetyl-CoA 
carboxylase (an unpromising herbicide target, because it is 
present in organisms generally) [4]. It turned out that grasses 
had specific characteristics in their chloroplast isoform of ace-
tyl-CoA carboxylase, which made the graminicides selective 
and non-toxic to animals and microbes. Unusually, in this case, 
the commercial use of graminicides gave rise later to import-
ant advances in our basic understanding of the structure and 
activity of this key metabolic enzyme.

POLYUNSATURATED FATTY ACIDS (PUFAs)
PUFAs, essential in the diet of almost all animals, belong to the 
n-6 and n-3 classes, with linoleic and α-linolenic acids as their 
original and simplest examples. These are produced by a series 
of desaturations from stearate by algae and plants. They are 
needed in our diet to prevent essential fatty acid deficiency 
but recent interest has focused on many important diseases 
where additional quantities of dietary PUFAs seem important.

My group’s previous work on the synthesis of PUFAs in 
plants had excited my interest in their role in disease, and 
the arrival of an arthritis expert in Cardiff (Bruce Caterson), 
together with my own sufferings from the complaint, pro-
vided incentive to look at how n-3 PUFAs could be of bene-
fit. We showed that n-3 PUFAs, such as eicosapentaenoic acid 

TABLE 1. Composition of pulmonary surfactant. Data 
expressed as % wt./wt. of total human surfactant.

Lipids

 Phosphatidylcholine

 Dipalmitoyl – species 50

 Unsaturated – species 22

 Phosphatidylglycerol 6

 Other phospholipids 7

 Non-polar lipids 5
 (mainly cholesterol)

Proteins

 (SP-A, SP-B, SP-C, SP-D)  10

ANNUAL MEETING COVERAGE
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(EPA) and docosahexaenoic acid (DHA), had a beneficial effect 
by lowering expression of inflammatory cytokines, reducing 
cartilage degradation (ADAMS-4 and -5 were key targets) and 
preventing expression of cyclooxygenase-2 (but not the con-
stitutive cyclooxygenase-1). This explained in molecular terms 
why dietary n-3 PUFAs could benefit arthritis sufferers (in fact, 
I take a capsule a day).

Our work (and a preliminary trial in humans) came to the 
attention of Hill’s Pet Foods (now Colgate-Palmolive) because 
certain breeds of dogs are prone to arthritis. In a spectacular 
test with arthritic beagles, improvements were noted within 
three weeks, so much so that n-3 PUFAs are now commonly 
incorporated into dog food (Fig. 2).

The high levels of arachidonic acid and DHA in brain led 
naturally to a search for their functions there. It has also led to 
numerous clinical trials and animal experiments to elucidate 
their roles, especially for DHA. Although this remains a some-
what controversial area, persuasive evidence for the benefit 
of dietary n-3 PUFA in reducing incidence of Alzheimer’s dis-

ease by 60% has come from large epidemiological surveys [5]. 
We have conducted fundamental biochemical and behavioral 
studies using a model “Alzheimer’s mouse” Tg2576. In such 
rodents, there is no doubt that dietary DHA reduces anxiety 
and improves cognitive function. In addition, there are some 
strikingly specific actions on lipid metabolism many of which 
have parallels in Alzheimer’s patients [5].

Another prevalent disease where dietary n-3 PUFAs have 
been claimed to be important is cardiovascular disease (CVD). 
Again, this is rather controversial at present with conflict-
ing data from different human trials. Moreover, the general 
improvement in CVD treatment (e.g., statins, β-blockers) often 
makes it difficult to disentangle specific effects.  Nevertheless, 
in some studies, n-3 PUFAs have a clear beneficial action [6]. 
Some n-6 PUFAs are also of interest. As a general rule, n-6 
PUFAs have a pro-inflammatory action whereas the meta-
bolic products from n-3 PUFAs are usually anti-inflammatory 
[7]. However, ɣ-linolenic acid and, particularly, its elongation 
product dihomogamma-linolenic acid (DGLA) can give rise to 

FIG. 2. Dietary n-3 PUFAs have been shown to be effective in relieving symptoms of arthritis—in both humans and animals.

FIG. 1. Action of a graminicide in a crop  (a) Left plate shows an untreated soybean field. Right plate shows the crop after treatment with 
fluazifop with grass weeds killed. (b) Shows structures of representative examples of the main types of graminicides-aryloxyphenoxy-
propionates (“Fops”) and cyclohexanediones (“Dims”). Reprinted with permission from Guschina, I.A., et al.  Biochim. Biophys. Acta. 1838: 1488–1500, 2014. © 2014 
Elsevier B.V. All rights reserved.
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anti-inflammatory compounds such as prostaglandin PGE1. 
The availability of an algal source of DGLA [8] is one reason 
why interest in this area is growing, and we have recent data to 
explain some of the potential benefits of these n-6 fatty acids 
for CVD [9].

THE INEXORABLE RISE IN 
DEMAND FOR OILS
Over the last half century, use of natural oils (mainly edible) 
has grown by 5% annually. This rise is unlikely to decrease. 
So, short of reducing population growth and, specifically, the 
demand driven by increasing affluence for more (vegetable) 
oils, we have to find ways of increasing the efficiency of crop 
productivity. As part of a general effort to address this prob-
lem we have sought to characterize triacylglycerol formation in 
oil crops, including the four major types, palm, soybean, rape-
seed, sunflower, as well as the specialized, high-value, olive.

Apart from general biochemical studies we applied flux 
control analysis (for the first time in any organism) to lipid 
biosynthesis [10]. Application of this method to oil crops was 
able to reveal which parts of the overall biosynthetic pathway 
would be most useful to manipulate in order to increase yields 
[11]. Of the major oil crops that we studied, most showed a 
greater degree of control in the plastid—localized fatty acid 
biosynthesis part.  However, in oilseed rape, lipid assembly was 
more significant and, furthermore, the final enzyme diacylglyc-
erol acyltransferase (DGAT) was particularly important.

This gave a clue that increased activity of DGAT could be 
useful to increase yields.  Accordingly, with Canadian co-work-
ers, we over-expressed DGAT, which altered the control char-
acteristics of triacylglycerol accumulation [12] and, in later field 
trials, increased oil yields by 8% or so—a commercially signifi-
cant amount.

Since that time, a “push and pull” strategy has been devel-
oped by DuPont and CSIRO to help in boosting oil yields. This 
is most important, since practically all available agricultural 
land is already being utilized. NGOs are particularly vocal (and 
influential) in their warnings about loss of diversity due to con-
version of non-agricultural land into crop use. Given the com-
mendable efforts by Malaysia to promote “sustainability,” and 
given the fact that oil palm is 8–11 times as efficient as other 
major oil crops, the alternative scenarios for trying to increase 
crop efficiency are horrendous. The only feasible alternative 
to oil palm is to plant more soybean in South America where 
this could cause a loss of much (or all) of the Amazon forest. 
There is clearly a need for biochemists to come up with the 
data needed and, hence, the solution to the World’s increasing 
need for sustainable oil production.

John L. Harwood is a professor in Cardiff School of Biosciences, 
Cardiff University, Wales, UK.  He can be contacted at 
Harwood@cardiff.ac.uk.
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The GMO labeling law:  
      an uneasy compromise

Laura Cassiday

On July 29, 2016, President Barack Obama signed the National Bioengineered Food Disclosure 
Standard, otherwise known as the GMO labeling law (S.764; http://tinyurl.com/GMO-law). The 
new law requires food companies to disclose on package labels any ingredients made from genet-
ically modified organisms (GMOs), such as corn or soybeans. The controversial measure has 
drawn ire from pro- and anti-GMO activists alike, suggesting that it represents a true compromise. 
However, implications for the food industry and consumers are currently unclear.

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

The national GMO labeling law overrides the state GMO 
labeling law approved by Vermont voters in 2014. The new law 
gives companies three options for GMO disclosure: 1) on-pack-
age labels, 2) a symbol (to be developed by the US Department 
of Agriculture; USDA), or 3) a link to a smartphone app or 
website (QR code). In contrast, the Vermont law would have 
allowed only the first option. The USDA now has two years 
to establish the rules and procedures relating to the national 
standard before the labeling requirements go into effect.

GMO opponents argue that the national law is too weak 
and the proposed symbol or QR code too confusing. They 
also say that the law will discriminate against people who lack 
smart phones or Internet access, such as the elderly or the 
poor. Although some GMO proponents are celebrating the 
national law as a more reasonable approach than the Vermont 
version, others oppose GMO labeling in any form because it 
implies that GMO ingredients are unsafe.

In May 2016, the National Academies of Science (NAS) 
released a 388-report on GMOs, which reviewed more than 
900 studies over the 20 years since GM crops were intro-
duced. Entitled “Genetically Engineered Crops: Experiences 
and Prospects,” the report concludes that GM crops are safe 
for humans and animals to consume and are not linked to any 
diseases such as cancer, obesity, autism, or allergies (http://
nas-sites.org/ge-crops/). Although GM crops were not found 
to increase overall US crop yields as expected (some studies 
have shown up to 30% increased yields), they did save farm-
ers time and money, and there was “no conclusive evidence of 
cause-and-effect relationships between GE crops and environ-

mental problems.” Inevitably, critics have argued that the 50+ 
members of the scientific committee that conducted the study 
have ties to the agriculture and biotechnology industries, mak-
ing the results suspect. Yet one has to wonder who they think 
is more competent to conduct such a study: a scientist who 
understands and has actually worked with GM technology, or 
an anti-GMO activist with a degree in art history.

The month after the NAS report was released, more than 
100 Nobel Prize-winning researchers penned an open letter 
calling for the environmental group Greenpeace to cease its 
campaign of misinformation against GMOs (http://tinyurl.com/
Nobel-GMO). The letter claims that Greenpeace and similar 
organizations misrepresent the “risks, benefits, and impacts” 
of GM crops, in particular, Golden Rice, a GM crop intended to 
combat vitamin A deficiency. “Opposition based on emotion and 
dogma contradicted by data must be stopped,” the letter reads.

Many GMO proponents and food manufacturers worry 
that any form of labeling that singles out GMOs will erroneously 
signal to consumers that the ingredients are unsafe, despite 
the preponderance of scientific evidence indicating other-
wise. Indeed, surveys show that the public is already confused 
about GMOs. A 2015 Pew Research Report found that 57% of 
American adults believe that GMOs are generally unsafe (in 
contrast to 12% of scientists) (Sexton, R., and Sexton, S., http://
tinyurl.com/WSJ-GMOs, 2016). Moreover, a 2015 survey by 
Oklahoma State University found that 80% of respondents want 
labels on foods containing DNA (all foods contain DNA).

Many arguments against GMOs are based on ignorance, 
fear, and disgust of so-called “Frankenfoods,” rather than 
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scientific fact. A recent opinion piece in The Scientist posits 
that instead of drawing parallels between GMOs and Dr. 
Frankenstein’s monster, a better metaphor would be anti-
GMO activists as “the enraged mob of terrified townspeople” 
(Greenbaum, D., and Gerstein, M., http://tinyurl.com/
GM-Frankenfoods, 2016). “With emotions highly charged, 
concerns that are hard to articulate, and high levels of dread 
and general repugnance, the public often looks more like the 
incensed mob than the misguided scientist,” the authors write. 

With a public so confused about GMO safety, the GMO 
labeling law may hurt food manufacturers who use GM ingre-
dients and give unfair advantages to those who don’t. Even 
before the law takes effect, some food producers have cap-
italized on the “non-GMO” label, even for products, such as 
strawberries, that have no GM equivalent. “If we allow these 
types of labels to go unchecked, we shouldn’t be surprised 
when consumers think that tomatoes with syringes sticking out 
of them is precisely how genetically modified crops are cre-
ated. Or, for that matter, that tomatoes are a genetically modi-
fied crop (they aren’t),” writes Amanda Zaluckyj on agdaily.com 
(http://tinyurl.com/GM-agdaily, 2016).

Not all GMO proponents believe that the labeling law will 
necessarily be harmful to food producers. A different perspec-
tive was offered in a recent Wall Street Journal commentary 
entitled, “Stand up for GMO foods by labeling them” (Sexton, R., 
and Sexton, S., http://tinyurl.com/WSJ-GMOs, 2016). “What bet-
ter way to dispel the myths and fears about GMOs than to label 
the 70%–80% of packaged foods that, according to the Grocery 

Manufacturers Association, contain them?” the authors write. 
“If these are all labeled, consumers will realize they have been 
eating GMOs for years without adverse effect, and they will 
soon be immune to the demagoguery of food Luddites.”

To be fair, it is not beyond the realm of possibility that 
someday scientists may create a GM crop that is harmful to 
human health, despite the extensive testing that goes into 
such crops before they ever reach the market. However, this 
nebulous fear does not justify the blanket condemnation of 
a promising technology that could help prevent a looming 
food crisis: Experts estimate that global food production must 
approximately double by 2050 in order to feed an exploding 
population (http://tinyurl.com/Nobel-GMO). If food manufac-
turers respond to GMO labeling laws by removing GM ingredi-
ents from their products, an unfortunate consequence may be 
the stifling of innovations in crop biotechnology that could go a 
long way toward solving the global food supply problem.

Olio is produced by Inform’s associate editor, Laura Cassiday. She 
can be contacted at laura.cassiday@aocs.org.
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Kelly Franklin

      Reformed TSCA to 
  reduce use of “unreliable”  
               animal testing

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

Provisions to reduce animal testing under the 
reformed US Toxic Substances Control Act 
(TSCA) will ensure the collection of better infor-
mation, say supporters.
 Toxicology expert at NGO Physicians Committee for 
Responsible Medicine, Kristie Sullivan, said that the animal 
testing provisions will ensure “strong” protection of human 
health and the environment. These were broadly supported by 
NGOs, industry groups, and members of Congress alike during 
development of the Lautenberg Chemical Safety Act (LCSA), 
which amends TSCA. 
 “We lack information on many chemicals and how they 
affect a diverse human population, because we [have relied] 
too heavily on slow, unreliable, and expensive animal tests,” 
added Sullivan. The updated law’s approach will allow the 
US Environmental Protection Agency (EPA) “to collect better 
information more quickly than current tests [under old TSCA] 
allow.”
 Under the reformed TSCA, the EPA is directed to “reduce 
and replace the use of vertebrate animals in the testing of 
chemical substances or mixtures. It must do this to the “extent 
practicable, scientifically justified, and consistent with the poli-
cies” of the law.
 The LCSA also requires the agency to develop, by June 
2018, a strategic plan to reduce animal testing. And it is 
required to provide a subsequent report to Congress every five 
years on its progress in implementing this, and on its goals to 
further reduce the testing.  
 Daniel Rosenberg, a senior attorney at the Natural 
Resources Defense Council (NRDC), says that the LCSA pro-
motes non-vertebrate testing through the “development of a 
strategic plan.” This includes “factors” that the EPA must con-
sider, but is not required to act on.

 The law says the agency should first take into account, as 
appropriate and to the extent practicable and scientifically jus-
tified, any reasonably available data, or other methods that 
could be used, before animal testing is required, he says.
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VALIDATION
But some consumer advocates have concerns about the vali-
dation of alternative methods. Rosenberg says that despite the 
positive aspects of moving away from animal testing, “there’s a 
lot of concern that the [alternative] methods could be brought 
into use, before they have been sufficiently validated.”
 He adds that using alternative methods could result in 
chemicals being wrongly concluded as safe—either because of 
lack of toxicity or insufficient proof of exposure—that “aren’t 
really borne out by the methods being used.”
 Christina Franz, senior director of regulatory and technical 
affairs at the American Chemistry Council, says that improve-
ments in tools and alternative methods are “ongoing.”  
The best of these, she adds, should be integrated as they 
become available.
 This approach “is entirely consistent with the statutory 
new requirements to use best available science and weight 
of the evidence in the risk evaluation process,” she says. 
“Chemical manufacturers and animal rights activists share a 
desire to reduce testing on animals,” she adds.
 Rosenberg acknowledges that the EPA, together with the 
chemical industry and animal rights groups, have been “very 
supportive” of efforts to transition to alternate test methods, 
including high-throughput screening.
 But some members of the environmental health commu-
nity, he says, see both the promise and the need to “go slowly 
and carefully” in drawing conclusions from these methods. 
This is because they will have significant consequences for the 
environment and public health, as well as state authorities.

LCSA REQUIREMENTS
The LCSA requires the EPA to take into consideration toxic-
ity information, computational toxicity, and high-throughput 
screening methods, prior to performing animal tests under 
TSCA.
 The EPA is also directed to minimize animal testing by 
“encouraging and facilitating”:

• the use of alternative test methods that provide infor-
mation “of equivalent, or better, scientific quality and 
relevance”;

• the grouping of similar substances into categories to 
reduce testing volume; and

• the formation of industry consortia to do joint testing.

EUROPEAN RULING ON COSMETICS
In September, the European Court of Justice (ECJ) issued a rul-
ing on the EU Cosmetics Regulation, which the ECJ interpreted 
to mean that companies cannot rely on results from animal 
tests conducted outside the EU to support the safety of prod-
ucts inside the Union. 

Kelly Franklin is editor, North America, for Chemical Watch. 
 
©2016. Reproduced from Chemical Watch by permission of  
CW Research Ltd. www.chemicalwatch.com
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Leslie Kleiner

Oftentimes, food scientists and engineers find 
themselves trying to replicate formulations and 
processing conditions in different world regions. To 
better understand how industrial design can aid 
this task, I consulted Charles Creswell, senior 
project manager, The Webber/Smith Group. 
Creswell has over 35 years of project management 
and engineering experience, as well as process 
design experience in a variety of projects in the 
food and process industries. Clients include ALDI 
US, Industrias Lacteas Toni S.A., Cargill Cocoa & 
Chocolate, Ultra UHT Dairy, C.H. Guenther & Son, 
and others.

Q: How can industrial design for food manufacturing facili-
tate Hazard Analysis and Critical Control Points (HACCP) and 

other food safety efforts? 
 Facility design can have a significant impact on how HACCP 
plans may need to be written. The Safe Quality Food (SQF), British 
Retail Consortium (BRC), and Food Safety Modernization Act 
(FSMA) are guidance documents pertaining to facility construction 
and finishes, and in many cases there are various ways to meet the 
performance requirements listed. For example, floors are to be dry 
with no pooling of water. This requirement can be achieved either 
by using a vacuum pickup floor scrubber, manually squeegeeing 
toward floor drains, or a floor that slopes to drains. Although all of 
these options achieve the necessary results, a sloped floor is the 
simplest solution, since the task takes care of itself and needs mini-
mal supervision. 
 Similarly, walls and ceilings must be clean and dry. To achieve 
this requirement, you can either manually dry these surfaces or 
install appropriate ventilation systems that will dry out rooms. 
Since any manual operations must be clearly outlined in HACCP 
plans, HACCP plans become simpler and allow one to focus on 
actual operations if you can eliminate manual steps.

Plant design in Latin 
America: HACCP optimization, 
building codes, and green 
certifications

Latin America  
Update is a regular 
Inform column that 

features information 
about fats, oils, and 

related materials  
in that region.
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identify what they need and evaluate properties that a realtor 
will find for them. Another common concern is that clients do 
not always take advantage of the opportunity moving into a 
new facility provides. Whether it be new construction or reno-
vation, it is good to use this time to take a hard look at how to 
optimize operations and reduce costs.  

Q:How do building codes in Latin America differ from 
those in the United States?

 Differences in building codes are a concern in some Latin 
America-based projects. All projects in the United States must 
not only meet local but also minimum building codes based 
on the ICC (International Code Council) current Uniform Codes 
(Building, Mechanical/Plumbing, Electrical and Energy), along 
with the Fire Code (NFPA in the United States and many other 
countries). In many instances, other countries do not have a 
building code for industrial facilities, or if they do it is outdated 
and does not reflect current generally accepted engineering 
practices. In other cases, there is a building code, but it is very 
general, may not be universally applied, or inspections may not 
be made. As responsible professionals, we are charged to meet 
minimum requirements for personal safety; in the absence 
of local codes, we fall back on the ICC requirements, which 
may drive the cost of facilities up in comparison to facilities 
designed 100% locally.

Q: How are construction materials and project manage-
ment typically handled when designing a plant in Latin 

America?
 From a design perspective, we try—whenever possible—
to use appropriate, regionally sourced construction materi-
als. We usually have local design partners who advise us with 
regard to typical material uses. Then, we work with our cli-
ents to determine what materials they like and what they can 
afford. If a client is planning on selling product into the United 
States, we sometimes need to specify materials or methods 
that may not be common to a particular region, but are usually 
located somewhere reasonably close-by (a neighboring coun-
try, for example).
 Design project management is performed using a combi-
nation of on-site meetings (typically once a month at a mini-
mum), and regular on-line meetings (GoToMeeting, WebEx and 
similar services). This closely follows what we do for projects in 
the United States, with the primary difference being that the 
in-person meetings are usually held at our client’s facility when 
working outside of the United States. 

 Proper selection of construction materials and finishes 
makes cleaning and maintenance of a food-safe environment 
easier. Little things, such as the use of a food-grade strut in 
place of a “uni-strut,” or angles, and using solid hanger rods 
with threaded ends instead of “all-thread” rods, reduce places 
for dirt to hide. Use of clean wall and ceiling systems, tubu-
lar steel and stainless steel structural members, resinous floor 
toppings, and floor drains designed for food plants, can all 
reduce the potential for an infestation by foreign material, 
making the facility easier to maintain.

Q:What are green and LEED facilities, and do you see an 
increase in these types of facilities in Latin America?

 “Green” is a generic term referring to the use of sustain-
able design elements in a facility. The Leadership in Energy & 
Environmental Design (LEED) certification involves meeting a 
set of criteria developed by the Green Building Council, and it 
requires specific steps during the design phase and auditing of 
the final facility to insure that all design elements are in place 
and functioning properly. It is rare for a food manufacturing 
facility to achieve LEED certification, since there are many ele-
ments that cannot be included in the actual manufacturing 
areas. These elements include use of daylight (windows and/
or skylights), some sustainable materials (such as wood), and 
certain energy-saving systems that are not necessarily suited 
for, or available, for the manufacturing environment. The cost 
of achieving LEED certification is also a barrier for many com-
panies [in the United States and Latin America]: In addition 
to higher costs involved for using sustainable materials and 
construction practices, such as recycled materials and locally 
sourced building products, the process of certification itself 
can cost $70,000—$100,000 or more. 
 That said, segments of the food processing industry can—
and have—achieved LEED certification, and related segments, 
such as distribution, are regularly certified. However, the more 
realistic approach is to utilize green elements where possi-
ble, and to consider sustainability and energy efficiency where 
practicable. Taking advantage of sustainable, locally sourced, 
and/or recycled materials in warehouse construction and 
offices is an excellent way to go green. Throughout a facility, 
the use of LED lighting and higher efficiency systems and envi-
ronmentally friendly refrigerants make sense for everyone.

Q: What are common challenges encountered when doing 
plant relocations?

 The main issues we encounter when relocating a facil-
ity are related to the “new” facility. In many instances this 
so-called new facility is to be a remodeled/renovated build-
ing that was never intended for food processing, so it is miss-
ing much of the necessary infrastructure, such as floor drains, 
adequate water flow, ventilation, food-processing finishes, and 
structural steel capable of supporting new piping, ducts, and 
roof-mounted equipment loads. Project engineers are typi-
cally brought into a project after a facility has been purchased, 
and while you can retrofit just about any building, the costs are 
sometimes close to building a brand new facility. We prefer 
to work with clients from the beginning stages, to help them 

Latin America Update is produced by 
Leslie Kleiner, R&D Project Coordinator in 
Confectionery Applications at Roquette 
America, Geneva, Illinois, USA, and a 
contributing editor of Inform. She can be 
reached at LESLIE.KLEINER@roquette.com.
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AOCS Journals: New covers and content in 2017 
AOCS Press is excited to give you a preview of three new AOCS journal covers for 2017. 

Instead of listing jour-
nal article titles in Inform 
months after they 
become available, begin-
ning in January, each issue 
of Inform will highlight selected articles recently published in 
the journals, including reviews, Open Access articles, rapid 
communications, editorials, and more!  
 You can find the newest journal article titles immediately 
by signing up for the Table of Contents Alerts. Visit https://
www.aocs.org/stay-informed/journals to learn more. 
 In addition, since JSD is celebrating its 20th volume, Inform 
will include excerpts from anniversary-related activities, 
including guest editorials, review articles, and coverage of a 
special session at the 2017 AOCS Annual Meeting & Industry 
Showcases.  
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Editor-in-ChiefEric J. Murphy
Senior Associate Editors

Richard BazinetArnis KuksisThad A. Rosenberger

PUBLICATIONS



inform   November/December 2016, Vol. 27 (10)   •   39

PATENTS
Solubilized phospholipids for 
stabilizing nucleic acid polymerases 
Johnson, D. and T.C. Evans, New England Biolabs Inc., 
US9315797, April 19, 2016
 Compositions and methods are provided that relate to solu-
bilized phospholipids and their use in stabilizing nucleic acid poly-
merases. For example, a phospholipid with a tail containing at least 
8 carbons can be solubilized in the presence of an amphipathic 
molecule. 

Composition with fat gradient 
Van Baalen, A., et al., Nutricia NV, US9320294, April 26, 2016
 The present invention concerns infant formula having a fat gra-
dient which can be established by a sufficient amount of fat droplets 
with a diameter of 5–25 micro m based on total weight of fat. 

Methods and systems for bio-oil 
recovery and separation aids therefore 
Jenkins, D.G., et al., Buckman Labor Inc., US9328311, May 3, 2016
 A method and system for bio-oil recovery from biomass are 
provided which includes adding at least one separation aid to still-
age that contains oil to form a treated stillage prior to centrifuging 
the stillage, and centrifuging the treated stillage in at least one cen-
trifuge to separate at least a portion of the oil from the treated still-
age. The separation aid can contain at least one lecithin and at least 
one oil and optionally at least one surfactant having an HLB value 
of at least 6. Treated stillage products are also provided which can 
contain the indicated separation aid and recovered oil. 

Method for the purification of lecithin 
Jirjis, B.F., et al., Cargill Inc., US9328314, May 3, 2016
  A method for the purification of lecithin, comprising the steps 
of: a. reducing the viscosity of lecithin to a viscosity of less than 
about 10 Pa·s; then b. mixing the lecithin with granulated active 
carbon; then c. separating the lecithin from the granulated active 
carbon and recover purified lecithin. Lecithin substantially free of 
poly-aromatic hydrocarbons, and a food or feed product compris-
ing said lecithin.

Human milk fat substitutes 
Shulman, A., et al., Enzymotec Ltd., US9332771, May 10, 2016
 Disclosed are human milk fat (HMF) substitutes, processes 
for their preparation, uses thereof and fat blends and infants formu-
lae containing them. A fat base composition of the invention com-
prises a mixture of vegetable-derived triglycerides, with less than 

50% of the fatty acid residues bonded at the sn-2 position being 
saturated; and/or with the amount of saturated fatty acid residues 
bonded at the sn-2 position of the glycerol backbone less than about 
43.5% of the total amount of saturated fatty acid residues. Typically, 
substantially all of the saturated fatty acids bonded at the sn-2 posi-
tion of the glycerol backbone are palmitic acid residues. Also dis-
closed are substitute HMF compositions comprising a blend of 
at least 25% or at least 30% of the said fat base composition of the 
invention with up to 75%, or respectively up to 70%, of at least one 
vegetable oil. Processes for preparing the fat base compositions 
and blend are also disclosed. Further disclosed are infant formulas 
comprising the fat base composition or substitute human milk fat 
composition. 

Synthetic ester-based dielectric fluid 
compositions for enhanced thermal 
management 
Han, S.J., et al., Dow Global Technologies Inc., US9330810,  
May 3, 2016
 A dielectric fluid composition for electrical apparatus com-
prises a functionalized methyl-12-carboxy methyl stearate having 
desirable properties, including a pour point less than -30˚C and 
a fire point greater than 250˚C. It may be prepared by a process 
wherein methyl-12-hydroxy methyl stearate is transesterified by 
reaction with a C3-C20 alcohol to form the hydroxy methyl ester, 
followed by reaction with a linear or branched C4-C20 carboxylic 
acid selected from free acid chlorides, fatty acids, carboxylic acid 
anhydrides, and combinations thereof. The second step serves to 
end-cap the hydroxyl groups, thereby producing the functional-
ized methyl-12-carboxy methyl stearate compound that exhibits 
improved thermoxidative stability and low temperature flowability, 
as well as increased fire point.

Anti-boil-over compositions and 
methods for microwave oven cooking 
of dry pasta 
Flaherty, J.D., et al., Kraft Foods Global Brands LLC, US9332773, 
May 10, 2016
 Anti-boil-over compositions and methods are provided that 
significantly reduce boil-over during microwave oven cooking of 
pasta relative similar pasta and water mixtures such that oversized 
containers are not required. Thus, when prepared using limited vol-
ume container, the container of cooked pasta appears full.

Microencapsulated oil product and 
method of making same 
Nakhasi, D.K., Bunge Oils Inc., POS Pilot Plant Corp., US9332774, 
May 10, 2016
 A microencapsulated product comprises a core, a first shell 
comprising a protein and being substantially carbohydrate-free, 
and a second shell comprising a carbohydrate and being substan-
tially protein-free. The double shell structure provides a strong shell 
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that makes the microcapsule suitable for use in food products. The 
core can be a lipid, and in particular a structured lipid with nutri-
tional benefits, such that the nutritional benefits can be passed on 
to the consumer. The microcapsules of the present invention can be 
used in making foods products, beverage products, and mixes for 
making such food and beverage products.

Metal-complexing aroma compounds 
for use in aroma stabilization 
Degenhardt, A., et al., Symrise AG., US9332783, May 10, 2016
 The present invention relates to the use of one or more com-
pounds of the formulae and/or pharmaceutically acceptable salts 
thereof for inhibiting the oxidation of fatty acids and/or triacyl-
glycerols; and/or the rancidification of products that includes one 
or more of fatty acids and/or one or a plurality of triacylglycerols; 
and/or chemical and/or sensory changes of products that includes 
one or more of fatty acids and/or one or a plurality of triacylglyc-
erols, caused by the action of the oxygen of the air. Corresponding 
mixtures and orally consumable preparations and methods are also 
described. 

Cosmetic composition having pomace 
olive oil 
Johnson, P.A., US9333164, May 10, 2016
 A cosmetic composition is provided. The cosmetic composi-
tion may include pomace olive oil and a first moisturizing oil. The 
first moisturizing oil may be safflower oil, mango butter, or hemp 
seed oil. A second oil can also be included and may be coconut oil 
or grape seed oil. A bacterial control oil can also be present and may 
be sweet orange oil or lemongrass oil. 

Nanocapsules with a liquid lipid core 
charged with water-soluble or water-
dispersible active agents 
Saulnier, P., et al., Univ. Angers, US9333180, May 10, 2016
 The invention relates to nanocapsules with a liquid lipidic core 
and a solid lipidic shell, the lipidic core being loaded with at least 
one water-soluble or water-dispersible ingredient, said ingredient 
being present in the form of a reverse micellar system.
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Patent information is compiled by Scott Bloomer, 
a registered US patent agent with Archer Daniels 
Midland Co., Decatur, Illinois, USA. Contact him 
at scott.bloomer@adm.com.

Soap Manufacturing Technology, Second Edition
Edited by Luis Spitz 
May 2016 | ISBN 978-1-630670-65-8
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Editor and contributing author Luis Spitz leads a world-renowned team in providing 
comprehensive information on all components of soap manufacturing 
including formulation, performance evaluation, cleansing 
systems, and more. This revised edition contains two new 
chapters. Soap Manufacturing Technology, Second Edition, 
serves as a technical reference book, ideal for both 
experienced and beginning soap producers, soap suppliers, 
and researchers in the home and personal care markets.

Key Features:
● Includes new fi gures, tables, and text updated from the fi rst edition

● Provides an overview of the AOCS methods used for the evaluation 
of soap and soap products

● Includes two new chapters: “Semi-Boiled and Integrated Saponifi cation 
and Drying Systems” and “Soap, Soap/Synthetic, and Synthetic Laundry Bars”
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Brassica plants yielding oils with a low 
total saturated fatty acid content 
Zheng, H.G., et al., Cargill Inc., US9334483, May 10, 2016
 Brassica plants producing oils with a low total saturated fatty 
acid content and methods for producing such plants are described. 
The oils have a low total saturated fatty acid in combination with a 
low, mid, or high oleic acid content. 

Methods for enhancing efficiency of 
bitumen extraction from oil sands 
using lipids and lipid by-products as 
process additives 
Burkus, Z., and O. Baki, Apex Engineering Inc., US9341051,  
May 17, 2016
  In a method for enhancing the efficiency of separation of bitu-
men from oil sands ore, lipids, lipid by-products, and lipid deriv-
atives are used as process additives for ore-water slurry-based 
bitumen extraction processes or in situ bitumen recovery pro-
cesses. The lipids, lipid by-products, and lipid derivatives act as sur-
factants reducing surface and interfacial tensions, thus promoting 
breakdown the oil sands ore structure and resultant liberation of 
bitumen from the ore. Lipid treatment does not deleteriously affect 
release water chemistry in bitumen recovery processes, and it does 

not appreciably affect the fuel value of recovered bitumen. Lipids 
which may be effectively used as additives include biodiesel, tall 
oil fatty acids, monoglycerides, vegetable oil, and soap water, and 
combinations thereof. Lipids may also be used as process additives 
to enhance the efficiency of clean-up of hydrocarbon-contami-
nated soils, in the production of bitumen-water or oil-water emul-
sions, and to enhance the transportability of emulsions such as in 
pipelines. 

Automatic detergent dishwashing 
composition 
Dirr, P.S., et al., The Procter and Gamble Company, US9334484, 
May 10, 2016
  An automatic dishwashing detergent composition in unit 
dose form wherein the composition comprises at least about 0.2 mg 
of active starch degrading enzyme per gram of composition and 
wherein the weight of the composition is less than about 25 g. 
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EXTRACTS & 
DISTILLATES

A novel process for the synthesis of highly 
pure n-3 polyunsaturated fatty acid 
(PUFA)-enriched triglycerides by combined 
transesterification and ethanolysis
Li, D., et al., J. Agric. Food Chem. 64: 6533–6538, 2016,
http://dx.doi.org/10.1021/acs.jafc.6b02675. 
 In this study, a novel two-step enzymatic reaction was devel-
oped for the synthesis of highly pure triacylglycerols (TAGs) with a 
high content of n-3 polyunsaturated fatty acids (PUFAs). Glyceride 
mixtures were primarily synthesized by Novozym 435-catalyzed 
transesterification of glycerol and DHA/EPA-rich ethyl esters 
(EEs), followed by removal of partial glycerides, for the first time, 
by immobilized mono- and diacylglycerol lipase SMG1-F278N-
catalyzed ethanolysis. TAG yield as high as 98.66% was achieved 

under the optimized conditions, and highly pure (98.75%) n-3 
PUFA-enriched TAGs with 88.44% of n-3 PUFA was obtained 
after molecular distillation at lower temperature (140 °C). In addi-
tion, the EEs produced during ethanolysis had a FA composition 
similar to that of the original EEs, making them feasible for cyclic 
utilization. This was the first study reporting removal of partial 
glycerides by ethanolysis. Through ethanolysis, a higher purity 
product could be easily obtained at a relatively low temperature 
compared with the conventional high-temperature molecular 
distillation.

Effect of phytosterols on the 
crystallization behavior of oil-in-water 
milk fat emulsions
Zychowski, L.M., et al., J. Agric. Food Chem. 64: 6546–6554, 2016, 
http://dx.doi.org/10.1021/acs.jafc.6b01722.
 Milk has been used commercially as a carrier for phytosterols, 
but there is limited knowledge on the effect of added plant sterols on 
the properties of the system. In this study, phytosterols dispersed in 
milk fat at a level of 0.3 or 0.6% were homogenized with an aqueous 
dispersion of whey protein isolate (WPI). The particle size, morphol-
ogy, ζ-potential, and stability of the emulsions were investigated. 
Emulsion crystallization properties were examined through the use 
of differential scanning calorimetry (DSC) and Synchrotron X-ray 
scattering at both small and wide angles. Phytosterol enrichment 
influenced the particle size and physical appearance of the emulsion 
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droplets, but did not affect the stability or charge of the dispersed 
particles. DSC data demonstrated that, at the higher level of phytos-
terol addition, crystallization of milk fat was delayed, whereas, at the 
lower level, phytosterol enrichment induced nucleation and emul-
sion crystallization. These differences were attributed to the forma-
tion of separate phytosterol crystals within the emulsions at the high 
phytosterol concentration, as characterized by Synchrotron X-ray 
measurements. X-ray scattering patterns demonstrated the ability of 
the phytosterol to integrate within the milk fat triacylglycerol matrix, 
with a concomitant increase in longitudinal packing and system dis-
order. Understanding the consequences of adding phytosterols, on 
the physical and crystalline behavior of emulsions may enable the 
functional food industry to design more physically and chemically 
stable products.

Acoustic properties of crystallized fat: 
relation between polymorphic form, 
microstructure, fracturing behavior, and 
sound intensity
Gregersen, S.B., et al., Eur. J. Lipid Sci. Technol. 118: 1257–1270, 
2016, http://dx.doi.org/10.1002/ejlt.201500435. 
 This study demonstrates a link between the fat crystal net-
work, fracturing behavior, and sound emission upon breakage. SOS, 
PSO, PPO, and POP rich fats were characterized by SAXS/WAXS 
and confocal laser scanning microscopy. Simultaneous texture and 
acoustic analysis was conducted by the use of a texture analyzer con-
nected with an acoustic envelope detector and augmented by a broad 
band microphone combined with a digital sampling oscilloscope. 
Results shows a high correlation between negative values of the 2nd 
derivative of force curves, providing a measure of the energy release, 
and the sound intensity (r = 0.89, p < 0.05). No relation between 
acoustic properties and polymorphic behavior, crystal size, or crystal 
morphology was found. All fats crystallized into a β′ form within 1 
day of storage. Subsequently, only the PPO and POP rich fats trans-
formed into the β form (2–4 wk). Evaluation of the relative strength 
of intra- and interparticle links within the fat crystal network, indi-
cate an important role of inter-particle links for the sound intensity, 
whereas intra-particle links were of less importance. It is hypothe-
sized that strong interparticle links provide a strong rigid structure 
resulting in build-up of energy during compression and a fast energy 
release upon breakage accompanied by sound emission.

Combining pelletizing to cold pressing in 
the rapeseed crushing process improves 
energy balance and the meal and oil 
quality
Quinsac, A., et al., Eur. J. Lipid Sci. Technol. 118, Issue 9: 1326–1335, 
2016, http://dx.doi.org/10.1002/ejlt.201400495.
 Cold-pressing has well-known adverse effects on solvent 
extraction performances from the resulting cakes. Here, we inves-
tigated the added value of an additional pelletizing step in a batch 
extractor (3.5 kg) to produce pellets with better physical qual-
ity (durability, wettability, and percolation speed) for hexane 

extraction and desolventization. We then led a second experiment 
in a pilot-scale continuous belt extractor (250 kg/h) to evaluate 
the feasibility of the process and its impacts on mass balance, oil 
and meal quality, and energy consumption. Results showed that 
pelletizing cold-pressed cakes enables suitable oil extraction and 
meal desolventization performances. Meal quality was preserved 
and press oil quality enhanced due to a very low phosphorus con-
tent (<10 ppm). The energy balance of cold-pressing was compared 
to the regular process using the flaking-cooking-pressing prepara-
tion before solvent extraction on the basis of data obtained here or 
from industrial crushing plants. Results showed that cold-press-
ing may lead to 69% energy savings in the preparation phase (40 vs. 
131 kWh/t) and 32% energy savings at whole-process level (192 vs. 
283 kWh/t). The scheme also has benefits in terms of greenhouse 
gas emissions (36.8 vs. 58.5 kg CO2 t−1).

Canolol, tocopherols, plastochromanol-8, 
and phytosterols content in residual oil 
extracted from rapeseed expeller cake 
obtained from roasted seed
Siger, A., et al., Eur. J. Lipid Sci. Technol. 118: 1358–1367, 2016, 
http://dx.doi.org/10.1002/ejlt.201500314. 
 Due to the high canolol content rapeseed oil is increasingly 
often pressed from seeds subjected to the roasting process. However, 
there is a lack of data on the contents of canolol in residual oil pro-
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duced from cake, a by-product of cold pressing. The aim of this study 
was to investigate the contents of bioactive substances contained in 
expeller cake generated in cold pressing of rapeseed oil from seeds 
roasted at a temperature of 140, 160, and 180°C for 5, 10, and 15 min. 
Contents of tocopherols, plastochromanol-8, and canolol were ana-
lyzed using the NP-HPLC-FL method, while contents of phytos-
terols – by GC-FID. Based on the recorded data it may be concluded 
that 180°C is the best temperature for seed roasting, since at that 
temperature the greatest amount of canolol is formed and most of it 
passes to oil in the course of cold pressing. Contents of tocopherols in 
the tested oils ranged from 88.48 to 90.51 mg/100 g. A lower tocoph-
erol content was recorded in residual oil of the press cakes in compar-
ison to cold-pressed oil, particularly in the case of samples roasted at a 
temperature of 160 and 180°C. Content of PC-8 was higher in resid-
ual oil by over 4 mg/100 g in comparison to cold-pressed oil. Also the 
total content of phytosterols in oils produced by solvent extraction 
from cake was higher than in cold-pressed oil. Contents of phytos-
terols ranged from 4141.9 to 4826.1 μg/g oil.

Simplified enzymatic upgrading of high-
acid rice bran oil using ethanol as a 
novel acyl acceptor
Li, D., et al., J. Agric. Food Chem. 64: 6730–6737, 2016,
http://dx.doi.org/10.1021/acs.jafc.6b02518.
 One of the major challenges in the upgrading of high-acid 
rice bran oil (RBO) is to efficiently reduce the amount of free fatty 

acids. Here we report a novel method for upgrading high-acid 
RBO using ethanol as a novel acyl acceptor in combination with 
a highly selective lipase from Malassezia globosa (SMG1-F278N). 
This process enabled an unprecedented deacidification efficiency 
of up to 99.80% in a short time (6 h); the immobilized SMG1-
F278N used in deacidification exhibited excellent operational sta-
bility and could be used for at least 10 consecutive batches without 
detectable loss in activity. Scale-up was performed under opti-
mized conditions to verify the applicability of this process, and 
low-acid (0.08%) RBO with a high level of γ-oryzanol (27.8 g/kg) 
and γ-oryzanol accumulation fold (1.5) was obtained after molec-
ular distillation at lower temperature (120°C). Overall, we report a 
simplified and efficient procedure for the production of edible RBO 
from high-acid RBO.

Impact of brassica and lucerne finishing 
feeds and intramuscular fat on lamb 
eating quality and flavor. a cross-cultural 
study using Chinese and non-Chinese 
Australian consumers
Damian, F., et al., J. Agric. Food Chem. 64: 6856–6868, 2016,
http://dx.doi.org/10.1021/acs.jafc.6b02018. 
 Use of forage brassicas (Brassica napus) and lucerne (alfalfa; 
Medicago sativa) as ruminant feeds has been linked to unaccept-
able flavors in sheepmeat. Lambs from low and high intramuscu-
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lar fat sires were allocated to one of four finishing feeds—perennial 
ryegrass (Lolium perenne), lucerne, and two brassica forages—
for a 6 week period. Grilled loins (Longissimus thoracis et lumbo-
rum) were subjected to chemical and sensory analysis by a trained 
panel and also evaluated by non-Chinese and Chinese background 
Australian consumers. Consumer liking was similar for both 
groups, and liking was highest for the brassica- and lucerne-finished 
lamb, especially from high intramuscular fat sires. No evidence of 
a distinctive lucerne- or brassica-induced flavor taint was measured 
by the trained panel or gas chromatography–mass spectrometry–
olfactometry. The diets influenced the composition of lipids and 
branched-chain fatty acids in the subcutaneous fat, and the concen-
tration of total branched-chain fatty acids was positively correlated 
with flavor and overall liking. Significantly higher levels of key 
aroma volatiles were measured in the higher fat samples.

Analysis of fatty acids in kernel, 
flour, and oil samples of maize by 
NIR spectroscopy using conventional 
regression methods
Cem Ömer Egesel, et al., Cereal Chem. 93: 487–492, 2016,
http://dx.doi.org/10.1094/CCHEM-12-15-0247-R.  
 High cost and painstaking procedures associated with fatty 
acid analyses of maize kernel necessitate the use of alternative 
methods. NIR spectroscopy offers advantages in this respect for 
a variety of areas such as plant breeding, food and feed industries, 
and biofuel production, in which different forms of maize kernel 
(e.g., intact kernel, flour, or oil) are used as material. We investi-
gated the possibility of estimating maize oil quality traits by using 
different samples (intact kernel, flour, and oil) and conventional 
regression methods (multiple linear regression [MLR] and par-
tial least squares regression [PLSR]) applied to their NIR spectra. 
MLR and PLSR calibration models were developed for oleic acid, 
linoleic acid, oleic/linoleic acid ratios, total monounsaturated fatty 
acid, total polyunsaturated fatty acid (PUFA), and total saturated 
fatty acid by analyzing 120 maize samples. Robustness in terms of 
prediction accuracy of the models developed here was tested with 
a reserved set of samples (n = 30). The results suggested that fatty 
acids could be possibly estimated by calibrations developed from 
flour and oil samples with a high degree of accuracy, whereas intact 
samples did not offer satisfactory results. PLSR and MLR meth-
ods gave better results in flour and oil samples, respectively. PUFA 
was the trait that was most successfully estimated from both flour 
(for the PLSR model, standard error of the estimate [SEP] of 1.78%, 
relative performance to deviation [RPD] of 3.09, R2 = 0.93) and oil 
(for the MLR model, SEP of 0.85%, RPD of 6.52, R2 = 0.98) sam-
ples. We concluded that sample type and chemometric method 
should be handled as important factors in calibration development, 
and the effects of these factors may vary depending on the trait 
being analyzed.
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Surface lipids play a role in the 
interaction of puroindolines with wheat 
starch and kernel hardness
Ma, D., et al., Cereal Chem. 93: 523–528, 2016, 
http://dx.doi.org/10.1094/CCHEM-11-15-0224-R.
 Kernel hardness is an important quality characteristic of com-
mon wheat. In this study, we investigated the role of starch surface 
lipids on the interaction of puroindoline proteins and starch gran-
ules through in vitro starch–protein binding experiments and flour 
reconstitution. SDS-PAGE showed that there were no puroindo-
line proteins on the starch granule surface when surface lipids were 
removed or when defatted starch was incubated with puroindoline 
proteins. However, the puroindoline protein bands were present 
when defatted starch was incubated with lipids followed by purified 
puroindoline proteins, which indicated that starch surface lipids 
play a role in the binding of puroindolines to starch granules. The 
hardness of flour tablets and dough sheets made from reconstituted 
flour, which combined defatted starch incubated with lipids and 
puroindolines with gluten, was lower than for the control reconsti-
tuted flour, which was made from defatted starch and gluten. The 
results of scanning electron microscopy also showed that starch 
granules were embedded in the gluten in the gluten + defatted 
starch + lipids + puroindolines treatment. These results confirmed 
that starch surface lipids are involved in the interaction of puroin-
dolines with wheat starch and kernel hardness.

The plant lipidome in human and 
environmental health
Horn, P.J. and C. Benning, Science 353: 1228–1232, 2016, 
http://dx.doi.org/10.1126/science.aaf6206.
 Lipids and oils derived from plant and algal photosynthesis 
constitute much of human daily caloric intake and provide the basis 
for high-energy bioproducts, chemical feedstocks for countless 
applications, and even fossil fuels over geological time scales. 
Sustainable production of high-energy compounds from plants is 
essential to preserving fossil fuel sources and ensuring the well-
being of future generations. As a result of progress in basic research 
on plant and algal lipid metabolism, in combination with advances 
in synthetic biology, we can now tailor plant lipids for desirable 
biological, physical, and chemical properties. We highlight recent 
advances in plant lipid translational biology and discuss untapped 
areas of research that might expand the application of plant lipids. 
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STATISTICAL 
ANALYSIS  
FROM MINTEC
Yuliya Nam-Wright

Record production of soybeans forecast for 2016/17 put downward pres-
sure on prices in recent months. Global production is set to rise 6% year-
on-year at 330.4 million metric tons (MMT) and 16% above the 5-year 
average, as well as a record crush level of 288.9 MMT, up 4% year-on-
year. As a result, production of soybean oil is forecast up by 4% year-
on-year to 53.8 MMT and 15% above the 5-year average. Exports are 
forecast to fall by 4% due to better supply of palm oil. Although produc-
tion of both soybeans and soybean oil is forecast at record levels, higher 
consumption will slightly reduce ending stocks of both commodities. 
 Prices for rapeseed oil rose due to lower supply expectations. 
Rapeseed oil production is forecast to fall by 4% year-on-year to a 
4-year low of 26.6 MMT but stable against the 5-year average. Although 
down year-on-year, global consumption of rapeseed oil is forecast to 
exceed production in 2016/17. Exports are forecast to fall by 0.4% to 4.1 
MMT. The shortfall in supply means that ending stocks are forecast to 
fall by 19% year-on-year to a 4-year low of 4.4 MMT.
 Prices for palm oil fell as ending stocks are expected to fall. In 
2016/17 global production of palm oil is forecast to rise by 10% year-on-
year to 65.5 MMT due to better yields following dry El Nino related con-
ditions in 2015/6. Production in all the major producers is forecast to 
increase in 2016/17. Higher supply has allowed for higher exports, up by 
6% year-on-year. Ending stocks are expected to continue to fall, by 4% 
year-on-year to 7.3 MMT, the lowest level since 2009/10.

Mintec works in partnership with sales, purchasing and supply chain professionals to deliver valuable insight into worldwide commodity and raw materials markets 
using innovative technology and a knowledgeable team of specialists. We provide independent insight and trusted data to help the world’s most prestigious brands 
to make informed commercial decisions. Mintec Ltd., 9 The Courtyard, Glory Park, Wooburn Green, High Wycombe, Buckinghamshire HP 10 ODG, United Kingdom. 
Tel. +44 (0)1628 851313; Fax: +44 (0)1628 851321; Email: support@mintec.ltd.uk; Web: www.mintecglobal.com.



You already know about Crown’s preparation and extraction technologies, our 
engineering expertise and our world-class service. But we also have a long history 

of providing complete refining solutions to companies all over the world. 

Contact our team of experts to learn more.

We do refining. And we do it well.
Crown Refining
Degumming • Neutralizing • Bleaching • Deodorizing • Fat Modification

www.crowniron.com/refining

Let’s connect.

11874 Crown Refining Ad 8.25x11 FINAL.indd   1 3/31/16   12:07 PM



®pure flo
bleaching earths

 
(312) 321-1515

www.oildri.com/fluids
fluidspurification@oildri.com

Oil-Dri’s adsorbent products have helped produce 

quality edible oils worldwide for over twenty-five 

years. Our Pure-Flo® and Perform® products are 

backed by world-class technical services at  

our global R&D center and supported by our 

technical sales experts in the field to help  

you make better oil.


