
  



Sieve Tray Oil Stripper 
by Desmet Ballestra

Science behind Technology

« We have had our Desmet Ballestra Sieve Tray Oil Stripper 
operating for three years. This new technology has 
consistently achieved very low residual hexane in the 
oil and has been trouble-free to operate. It was a solid 
investment for our company. »

Rodney Fenske, Operations Manager
South Dakota Soybean Processors, USA.

■  New break through in oil stripping tray 
technology dramatically increases oil/steam 
contact!

■  Proven «5 years of development with the fi rst 
unit» and now over 30 units sold!

■  Only 95-99° C (203-210° F) miscella 
temperature required from second stage 
evaporator!

■  Only 4% stripping steam required!
■ Industry leading 5-10 ppm residual hexane in 

oil on most units operating!









Includes a searchable 
PDF download.

Formerly Section I of the Offi  cial Methods and Recommended Practices of the AOCS

3rd Edition

David Firestone, Editor

AOCS Press  Book of the Month

Save $20
List Price:  $150
Member Price:  $120

Physical and Chemical 
Characteristics of Oils, 
Fats, & Waxes, 3rd Edition
Editor: David Firestone
Softbound. 2013. ISBN: 978-0-9830791-9-4.
Product code: mi99-3

The third edition of Physical and Chemical 
Characteristics of Oils, Fats, and Waxes includes 
updated material and new content. This is an 
essential reference tool for professionals inter-
ested in the quality, trade, and authenticity of 
oils and fats. Values for signifi cant properties and 
important low-level constituents of nearly 500 
fats and oils are provided including the follow-
ing parameters where available: Specifi c Gravity, 
Refractive Index, Iodine and Saponifi cation Value, 
Titer, and Fatty Acid, Tocopherol, Tocotrienol, 
Sterol, and Triglyceride Composition.

Contents Include: 
Characteristics of over 500 oils and fats of 
plant and animal origin
Triglyceride molecular species of selected oils 
and fats
Comprehensive introduction to fatty acid 
nomenclature 
Essential reference material to fats and oils 
researchers
Indispensable information for understanding 
biodiesel feedstock

$130

$100$120
$150

For more information on contents and to order, visit:
www.aocs.org/store | Search: mi99-3
Phone: +1 217-693-4803 | Fax: +1 217-693-4847 | Email: orders@aocs.org

Use coupon code BOM1013 when ordering to receive discount.
Off er expires November 11, 2013
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GOLD SponsorsCooperating Organizations SILVER Sponsors BRONZE Sponsors

SBOG in 20 Years
New Horizons for the Science and Technology of Oils and Fats

The Brazilian Society of Fats and Oils (”Sociedade Brasileira de Óleos e Gorduras” – SBOG) are organizing 
the SBOG’s 20th Anniversary Commemoration Event: “SBOG 20 Years: New horizons for the Science 
and Technology of Oils and Fats”, from 12 to 14 November, 2013 at the Convention Center Hotel 
Torres da Cachoeira, Florianópolis, SC, Brazil. 

The Congress
Take part in the reference event of the fats and oils fi eld in Brazil. An intense technical and scientifi c program, including 
plenary and technical conferences, posters and round tables, off ered by the most renowned specialists, is being prepared.

Florianópolis
Florianópolis, one of the most beautiful cities of the Brazilian coast, is waiting for you.

Topics
Antioxidants Biodiesel Biotechnology 
Cristalization Fats and Oils Analysis Nutrition and Health 
New Technologies Processing

Leopold Hartman Award
The Leopold Hartman Award will be presented to a professional who has contributed signifi cantly in the Field of Fats and 
Oils as a recognition of his work. 

Registration Rates (Registration rates shown in R$ Reais)

Student Professor SBOG Membership No SBOG Membership

Through 27/09 R$ 300,00 R$ 500,00 R$ 700,00 R$ 900,00

After 27/09 R$350,00 R$ 600,00 R$ 800,00 R$ 1.000,00

How to Register and more information: 
www.oleosegorduras.org.br/20anos | E-mail: sbog@oleosegorduras.org.br | Phone: 55 48 3028.5935

Cooperating Organizations

Organized by Fats and Oils Brazilian Society
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Historical evidence shows that olive oil production began 
about 2000 bce (Amouretti, 1996). For centuries the basic batch 
processes remained unchanged—harvesting, crushing, and press-
ing the fruits at ambient temperatures to release the oil from the 
plant cells, and then decanting the oil from the vegetable water 
that was simultaneously extracted from the fruits. 

Modern virgin olive oil production qualifies as a green, sus-
tainable technology because extraction is carried out at or near 
ambient temperatures (cold-pressed). No heating is applied 
during the process, so no resources have to be expended for that. 
No solvent other than water is used in removing the oil from the 
plant tissues. And since the trees are perennials, their continuing 
presence helps to tie down the soil and lessen erosion for periods 
of years.

Olives, which have a water content of 50% (Boskou, 2006), and 
oil palm fruits, which have a water content of perhaps 30% when 
they are ripe, are the primary fruits being extracted today for their 
oil. In modern olive oil processing, olives are collected, cleaned 
to remove leaves and twigs and other extraneous materials, and 
then washed. If the olives are to be processed batch-wise, they will 
likely be moved to the crushing step almost immediately. Other-
wise, the olives are susceptible to rapid oxidative degradation if 
they are stored for more than a short time.

Larger mills are likely to run continuously. To ensure that 
enough cleaned olives are available to run for 12–24 hours a day 
without a break, the cleaned olives may be held for a period of 
time in stainless steel hoppers until they are fed into a continu-
ous crushing system. 

Hammer mills are commonly used in modern mills to crush 
the olives. They are especially well suited for reducing the hetero-
geneous mixture of soft fruit flesh and hard pits. The mills rupture 
the cellular and vacuolar membranes of the fruits, freeing the oil 
droplets inside. The mixture of fruit flesh and pits remains in the 
reduction zone until the particles in the resultant pulpy mass have 
been reduced to a predetermined size. 

The olive pulp is then pumped to malaxers, or mixers. There, 
as the pulp is turned over and over for 60–90 minutes at under 



30°C, the freed oil gradually agglomerates into droplets having 
a wide range of sizes (Petrakis, 2006). These are in contact with 
the water released from the cells as well as any residual water 
from the washing step. Industrial enzymes can be added during 
malaxing to increase oil yield and enhance recovery of phenolic 
content of the final product (Chih et al., 2012).

The equipment that defines modern aqueous oil extrac-
tion is the horizontal centrifuge decanter, first introduced by 
the Swedish company Alfa Laval in 1970 (Alba et al., 2011). The 
two-phase horizontal centrifuge “decanter consists of a cylindri-
cal-conical rotating bowl and a helical hollow-axis screw rotating 
coaxially inside it and at a slightly different speed to the bowl” 
(Fig. 1).

As malaxed olive paste is injected continuously into the two-
phase horizontal centrifuge decanter through an opening in the 
hollow screw axis, water is added to the mix. Centrifugal force 
presses the heavy wet olive solids (pomace) against the wall, and 
they are slowly moved toward the end by the difference in rota-
tion speed between the auger and the bowl. The lighter oil layer 
forms a ring nearest to the centrifuge axis, and is drained at the 
opposite end of the device. 

(A so-called three-phase horizontal centrifuge decanter—
which separates the paste into pomace, water, and oil—is also 
used commercially. Its greatest disadvantage compared with a 
two-phase system is that it generates water with a much higher 
contaminant level that requires greater pretreatment before it 
can be disposed of.)

The olive oil exiting the two-phase horizontal decant-
ing centrifuge is actually a mixture, containing mostly oil and 
some water, together with fine particles of olive-flesh. The three 
phases can be separated by natural settling followed by decanta-
tion, centrifugation, or a combination of both process. Sieving 
through a vibrating screen to remove solids; passage of the oil-
water mixture through a vertical centrifuge, and a final settling 
or decantation process to remove the air added to the oil during 
centrifugation are widely used processes before sending the oil 
to storage. 

The history of human use of palm oil may run as far back as Egypt 
7000 years ago. European explorers and traders sailing along the 
coast of West Africa from 1400 a.d. onward found palm groves 
being harvested, and the Portuguese began to trade in palm oil 
around 1506 a.d.

Traditional extraction methods for palm oil were labor 
intensive and resulted in poor recovery and poor quality of the 
oil products. They included either pounding the mesocarp (the 
soft tissue between the skin and the kernel of the fruit) or else 
treading bunches that had been split, sometimes boiled, and left 
to soften for several days. Expelled oil was separated from the 
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resultant mash by skimming. The kernels were then picked out 
by hand, dried, and hand-cracked for subsequent production of 
palm kernel oil.

The first power-operated mills were constructed in Africa 
before 1914, but oils mills similar to those used today did not 
appear until the late 1960s.

Present-day oil palm milling processes recapitulate earlier 
processes, using both physical methods to segregate the kernels 
from the mesocarp and heat to hasten the processing. Harvested 
fresh fruit bunches (FFB) need to be processed quickly to mini-
mize the formation of free fatty acids (FFA) that adversely affect 
oil quality. To this end, bunches are steamed for 60–90 minutes 
at 140°C and 3 kg/cm2 pressure to stop the increase of FFA and 
make it easier to strip the fruits from the bunches (MPBO, 2012). 
Steaming also pre-conditions the kernels to prevent their break-
ing during subsequent pressing and nut cracking.

After heating, the FFB are fed to a rotary drum thresher, 
where the fruits are separated from the spikelets on which 
they grew in the bunch. The fruits are collected (the empty 
fruit bunches are segregated for other uses) then reheated with 
live steam to loosen the mesocarp from the kernels. The fruits 
are mashed, and heating ruptures the oil-bearing cells of the 
mesocarp.

Most commonly, palm oil is obtained from the digested 
fruits by pressing using twin screw presses (MPOB, 2012). Hot 
water is added to enhance the flow of oil when necessary. The 
oil slurry is collected in the crude oil tank for purification, and 
the fiber and nuts go to the depericarper for separation. At this 
point, the crude palm oil from the presses contains 35–45% palm 
oil, 45–55% water, and varying proportions of fibrous materials. 

The oil is then sent to a vibrating screen of 30–40 mesh to 
remove the major part of the fiber and residue. It is then pumped 
to a clarification tank, held at about 90°C, for oil separation. The 

clarified oil then passes through a high-speed cen-
trifuge to remove impurities from the oil. The oil 
is dried under vacuum, cooled to about 45°C, and 
sent to storage.

As the popularity of avocado fruits for edible pur-
poses has increased in the past few decades, so has 
global production. Growers and shippers seek to 
market only the best fruits, so as a corollary, the 
amount of fruit rejected from the fresh fruit trade 
has also increased. Growers have looked for alter-
native uses for discarded fruit—and discovered a 
burgeoning interest in using avocado oil extracted 
from the fruits for culinary and cosmetic purposes.

Marie Wong of Massey University, Auckland, 
New Zealand, pointed out: “The oil is in the flesh 
of the fruit; the flesh contains a relatively high per-
centage of water compared to seeds and pulses. 
Hence, the aqueous extraction . . . is more suitable 
for these oils,” which have a water content of 65% 
(Woolf et al., 2009).

Culinary properties. Avocado oil for use in 
cooking resembles olive oil. Since both oils are 

extracted by physical means with little or no heating, they both 
retain the green color of the fruits they come from (Fig. 2). At 
least 60% of the fatty acids in the oil are monounsaturated (oleic 
and palmitoleic), and about 10% are polyunsaturated, making for 
a healthful oil. According to Andrew Logan, of AvoHealth (www.
avohealth.com), avocado oil has “a high lutein content [important 
in eye health] and very high β-sitosterol content.”

α-Tocopherol, an antioxidant, is the major form of vitamin E 
found in avocado oil. The levels in avocado oil are similar to those 
in olive oil (0.1–0.4 mg g-1), and the presence of this antioxidant 
helps extend the shelf life of both oils.

The smoke point of avocado oil is high (>250°C), indicat-
ing its suitability for frying. The oil from the ‘Hass’ cultivar, the 
most popular avocado, has been described as having the flavor of 
avocados, with a grassy and butter/mushroom-like component, 
whereas the ‘Fuerte’ cultivar produces oil with more mushroom 
and less avocado flavor (Wong et al., 2010).

In comparing the cold-pressing procedures used to produce 
avocado oil with those for olive oil, there are several differences. 
For instance, seeds are not removed from olives before process-
ing; their removal is essential for avocados. Water may need to 
be added to avocado flesh during malaxing to lower the viscos-
ity. And Wolff and coworkers initially found that adding enzymes 
such as pectinase during malaxation improved oil yields by 
5–40% in early-season fruits. Enzymes made no difference in 
mid-season avocados.

The top avocado producer in the world is Mexico (1.26 
million metric tons in 2011). Mevi Avocados, one of Mexico’s 



A shortage of acrylic acid attributed to its 
increased use by coatings manufacturing in 
India and China—and for the superabsor-
bent polymers in disposable diapers—has 
led to a green route to glycerol and long-chain 
olefi ns via ultraviolet irradiation of fats and 
vegetable oils.

Acr ylic acid—a petroleum-based 
product with few available biobased alter-
natives—is an extremely versatile chemical 
feedstock. Used either on its own or after 
esterifi cation with various alcohols, acrylic 
acid is the base for acrylic polymers used in 
paints, coatings, detergents, sealants, adhe-
sives, thickeners, emulsifying agents, dispers-
ing agents, and the like. About four million 
metric tons of acrylic acid are produced annu-
ally, according to an industry source, with a 
value of $10 billion; demand is expected to 
increase.

“Our original interest was in the glyc-
erol and its degradation products,” explains 

Douglas C. Neckers, the lead researcher and 
president/chief executive offi  cer (CEO) of 
Biosolar LLC in Millbury, Ohio, USA. His 
study appeared in ACS Sustainable Chemis-
try & Engineering (doi:10.1021/sc400135y, 
2013). “We’ve only just started down the 
pathway.”

Neckers and co-author Maria Muro-
Small investigated a number of vegetable oils 
and animal fats, including olive oil, canola oil, 
waste cooking oil (canola oil put through at 
least three cycles of a small deep fryer), lard, 
and tallow. Irradiation with UV light (using 
either a Hanovia mercury lamp immersed in 
a quartz sleeve or a Fusion system equipped 
with an H-bulb) produced long-chain 
alkenes, dienes, trienes (such as 1-tetra-
decene; 1-hexadecene; 1,7-hexadecadiene; 
and 1,7,10-hexadecatriene) and glycerol. 
“The glycerol can be transformed through 
catalytic processes into acrylic acid and other 
essential raw materials for the plastic indus-
try,” Neckers and Muro-Small write in their 
article.

Irradiation produced a number of pho-
toproducts, and the results suggest that the 
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saturated fatty acids (palmitic and stearic) are more photoreac-
tive than the unsaturated fatty acids (oleic and linoleic); reactiv-
ity appears to depend on the position of the fatty acids on the 
glycerol backbone. 

Neckers noted that there are two yields—the chemical yield 
and photochemical yield, or how much light is required. (See Table 
1.) “We think the chemical yield will scale up nicely,” he added. 
“We are not sure about the photochemical yield.” 

Next up on the docket: investigating the mechanism in order 
to increase the yield, producing the photoproducts from the glyc-
erol instead of the glyceride, and processing them into a source 
of acrylic acid.

“I think the synthesis is well done,” commented W. Warren 
Schmidt, a consultant based in Cincinnati, Ohio, USA, and a 
member of the Inform Editorial Advisory Committee. “It may 
take years, but it may well become an alternate source of olefins.”

Neckers and Muro-Small are not alone in searching for a 
biobased route to acrylic acid. A number of companies, including 
Dow Chemical/OPXBIO and BASF/Cargill/Novozymes, have 
mounted similar efforts. 

Dow Chemical and OPXBIO (see www.opxbio.com) signed 
a collaboration agreement in April 2011 to develop an industrial-
scale process to produce BioAcrylic—acrylic acid from ferment-
able sugars such as corn and/or cane sugar. OPXBIO says that a 

life-cycle analysis conducted by Symbiotic Engineering, a green-
house gas (GHG) and sustainability consultant, concluded that 
OPXBIO’s fermentation process using engineered microbes can 
reduce GHG emissions by more than 70% when compared to tra-
ditional petroleum-based acrylic acid production. 

“The BioAcrylic process converts sugar feedstock . . . into 
the intermediate 3-hydroxypropionic acid (3-HP), which is then 
chemically dehydrated in a second step to BioAcrylic,” OPXBIO’s 
CEO Charles Eggert told Inform in an email. “We have success-
fully produced 3-HP in 3,000 liter (L) fermenters, and we antici-
pate pre-commercial production at the 25,000-L scale or larger 
beginning in 2014. 

“Our plan is to start commercial-scale production and sales 
of BioAcrylic in 2017,” Eggert added, “with an initial plant capac-
ity in the range of 100 million pounds [about 45,000 metric tons] 
per year.”

The BASF/Cargill/Novozymes partnership was formed in 
August 2012. The companies announced in July 2013 that they 
had produced 3-HP at pilot scale. Further, they reportedly have 
developed several technologies to dehydrate 3-HP at laboratory 
scale. The companies expect to reach the next level of scale-up in 
2014, according to the Green Chemical Blog (www.greenchem-
icalsblog.com), although they declined to release any specific 
capacity goal. 

AOCS Board Petition to Nominate 

For each annual election of AOCS Governing Board offi cers, the membership may nominate up to four 
additional member-at-large candidates by petition. Petitioned candidates receiving at least 50 AOCS member 
signatures will be added to the ballot approved by the Governing Board. Preference will be given to the fi rst 
four petitioned candidates meeting the eligibility requirements as outlined here. Petitioned nominations must be 
received at the AOCS Headquarters no later than October 30, 2013.

Petition forms can by obtained by visiting www.aocs.org/BoardPetition. Please mail or fax completed petitions 
with at least 50 AOCS signatures to: 
AOCS Nominations and Elections Committee Fax: +1 217-693-4852 
P.O. Box 17190      Attn: Benjamin Harrison
Urbana, IL 61803-7190 USA
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Membership Application 14INF

P.O. Box 17190, Urbana, IL 61803-7190 USA
P: +1  217-693-4813 | F: +1 217-693-4857 |  membership@aocs.org |  www.aocs.org20

14

Please print or type. 

 Encouraged to join by

 Dr.   Mr.   Ms.   Mrs.   Prof.   

Last Name/Family Name First Name Middle Initial

Firm/Institution

Position/Title

Business Address (Number, Street)

City, State/Province

Postal Code, Country Birthdate
          (mm/dd/yyyy)

Business Phone Fax Email

(Expected) Graduation Date

 MEMBERSHIP DUES  U.S./Non-U.S. Surface Mail Non-U.S. Airmail $          
 Active  . . . . . . . . . . . . . . . . . . . . .  $163 . . . . . . . . . . . . . . . . . . . .  $253
 Corporate  . . . . . . . . . . . . . . . . . .  $775 . . . . . . . . . . . . . . . . . . . .  $775
 Student*  . . . . . . . . . . . . . . . . . . .  $   0   . . . . . . . . . . . . . . . . . . .    N/A

 Active  membership is “individual” and is not transferable. Membership year is from January 1 through December 31, 2014.
 *Complimentary student membership includes free access to online inform only. Stude nt  membership applies to full-time graduate students working no 
more than 50% time in  professional work,  excluding academic assistantships/fellowships. 

 OPTIONAL TECHNICAL PUBLICATIONS $          
JAOCS — $175  |  Lipids — $175  |  Journal of Surfactants and Detergents — $175

 These prices apply only with membership and include print and online  versions and shipping/handling.

DIVISIONS AND SECTIONS DUES  (Division memberships are free for students.) $          
Divisions Dues/Year Divisions Dues/Year Sections Dues/Year Sections Dues/Year

 Agricultural Microscopy  $16  Lipid Oxidation and Quality $10  Asian $15  India $10
 Analytical $15  Phospholipid $20  Australasian $25  Latin American $15
 Biotechnology $20  Processing $10  Canadian $15  USA FREE
 Edible Applications $20 Protein and Co-Products $12  European $25 
 Health and Nutrition $20 Surfactants and Detergents $30 
 Industrial Oil Products $15  

MEMBERSHIP PRODUCTS $          
 Membership Certifi cate: $25  |   AOCS Lapel Pin: $10  |   AOCS Directory: $15
 Membership Certifi cate and AOCS Lapel Pin: $30

 PREFERRED METHOD OF PAYMENT
Check or money order is enclosed, payable to AOCS in U.S. funds drawn on a U.S. bank.

Send bank transfers to: Busey Bank, 100 W. University, Champaign, IL 61820 USA. Account number 111150-836-1. 
 Reference: 14INF. Routing number 071102568. Fax bank transfer details and application to AOCS.

Send an invoice for payment. (Memberships are not active until payment is received.)

To pay by credit card, please use our online application (www.aocs.org/join) or contact Doreen Berning at +1 217-693-4813.

Dues are not deductible for charitable  contributions for income tax purposes; however, dues may be considered ordinary and necessary business expenses.

Total Remittance

$

AOCS: Your international forum for fats, oils, proteins, surfactants, and detergents.

This Code has been adopted by AOCS to defi ne the rules of professional conduct for its members. 

AOCS Code of Ethics • Chemistry and its application by scientists, engineers, and technologists have for their prime objective the advancement of science 
and benefi t of mankind. Accordingly, the Society expects each member: 1) to be familiar with the purpose and objectives of the Society as expressed in 
its articles of incorporation; to promote its aim actively; and to strive for self-improvement in said member’s profession; 2) to present conduct that at all 
times refl ects dignity upon the profession of chemistry and engineering; 3) to use every honorable means to elevate the standards of the profession and 
extend its sphere of usefulness; 4) to keep inviolate any confi dence that may be entrusted to said member in such member’s professional capacity; 5) to 
refuse participation in questionable enterprises and to refuse to engage in any occupation that is contrary to law or the public welfare; 6) to guard against 
unwarranted insinuations that refl ect upon the character or integrity of other chemists and engineers.

2014 MbrApp-1p-INF.indd



AOCS needs more members like you!

Pass it on...
Recruit a member—

and help AOCS grow!

Psst… 

Pass 
it on…

 Advance a colleague’s career
AOCS connects them to a world of resources to succeed today 
and into the future. 

 Help the Society
Broadening our membership and the community we serve 
allows new opportunities for interaction and future business 
ventures. This is your Society — extend the advantage.

 Join the elite
Be a part of the President’s Club — AOCS members who 
support the future and goals of the Society through 
membership recruitment. President’s Club members receive 
special recognition in print, giveaways at the AOCS Annual 
Meeting & Expo, and gift certifi cates throughout the year.

www.aocs.org/recruit



On August 6 the US Environmental Pro-
tection Agency (EPA) announced that it 
had finalized the 2013 percentage stan-
dards for four fuel categories (see Figure 
above) that are part of the Renewable 
Fuel Standard (RFS) program established 
by Congress.

The final 2013 overall volumes and 
standards require 16.55 billion gallons of 
renewable fuels to be blended into the 
US fuel supply (a 9.74% blend). Require-
ments of this standard are specified in 
Table 1. These standards reflect EPA’s 
updated production projections, which 

are informed by discussions with industry 
and by biofuels market analysis.

During this  r ulemaking ,  EPA 
received comments from a number 
of stakeholders concerning the “E10 
blend wall.” Projected to occur in 2014, 
the “E10 blend wall” refers to the diffi-
culty in incorporating ethanol into the 
fuel supply at volumes exceeding those 
achieved by the sale of nearly all gasoline 
as E10 (i.e., 10% ethanol and 90% gaso-
line). Most gasoline sold in the United 
States today is E10. In its August 6 ruling, 
EPA said it will propose flexibilities in the 
RFS statute to reduce both the advanced 
biofuel and total renewable volumes 
in the forthcoming 2014 RFS volume 
requirement proposal.

EPA is also providing greater lead 
time and flexibility in complying with the 
2013 volume requirements by extend-
ing the deadline to comply with the 2013 
standards by four months, to June 30, 
2014. 

A January 2013 ruling by the US 
Court of Appeals required the agency 
to reevaluate projections for cellulosic 
biofuel to reflect market conditions; the 
final 2013 standard for cellulosic biofuel 
announced in August was developed in 
a manner consistent with the approach 
outlined in that ruling.

At a federal-provincial agriculture 
ministers meeting held in Halifax, 
Nova Scotia in July 2013, Minister 
of Agriculture and Agri-Food Gerry 
Ritz said the Canadian government 
would not increase its support for 
the biofuel industry, after having 
provided more than $1 billion 
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already. Ritz said, “I think the investments 
made early on have built the industry as 
large as it’s going to get” (http://tinyurl.
com/Canada-biofuel-funding). 

The Canadian ethanol industry has 
been lobbying for an increase in ethanol 
content in gasoline to 10%, but Ritz said 
that is not feasible. The reason in part is that 
farmer investment in and local ownership of 
ethanol plants has not been as successful as 
the government had hoped, despite govern-
ment action setting a mandate for biofuel 
content and provision of millions of dollars 
for plant construction.

Ritz commented that Canada cannot 
meet its current mandate of 5% ethanol in 
gasoline and 2% biofuel content in diesel 
without imports, which negates the gov-
ernment goal to help build another outlet 
for grain (see Table 2).

Bernie Hoffman, vice president of busi-
ness development and minority owner of 
WB Services LLC, told Ethanol Producer 
Magazine that by the end of 2013 or early 
2014, about 80% of US ethanol plants will 
be extracting corn oil from their by-product 
distillers dried grains with solubles (http://
tinyurl.com/corn-oil-EtOH). Doing so is 
accounting for an increasing portion of 
total revenue for ethanol plants that have 
adopted and optimized the technology.

WB Services (Sedgwick, Kansas) is 
offering ethanol producers two separate 
technologies that offer them the opportu-
nity to process corn oil into either biodiesel 
or renewable diesel on-site. The company 
has been involved in the construction of 

two demonstration facilities in Sedgwick 
(neither of which is co-located with an 
ethanol plant). The first, a biodiesel plant, 
is already operating at a rate of 2 million 
gallons (7.6 million liters) per year. Con-
struction is nearing completion on the 
second, a renewable diesel facility that will 
operate at 3 million gallons per year.

Although the two facilities are not co-
located with an ethanol plant, WB Services 
says the plants are commercially viable, 
even though the corn oil must be pur-
chased and shipped in. Co-location would 
allow for on-site feedstock production, 
lowered capital costs, and use of existing 
infrastructure.

Although both facilities are designed 
specifically to use corn oil as feedstock, the 
process allows for the use of oils or greases 
(www.servicesllc.com).

The company estimates that they can 
construct a biodiesel facility and bring it to 
commissioning in 6–8 months. The same 
process for a renewable diesel facility takes 
12–14 months. Construction costs are 
lower for a biodiesel plant than for a renew-
able diesel plant.

The biodiesel technology used by WB 
Services is designed to cope with the higher 
free fatty acid content of corn oil that other 
biodiesel plants cannot handle. 

Researchers from the Polytechnic Univer-
sity of Catalonia (UPC; Spain) have found 
that Bacillus megaterium Uyuni S29, iso-
lated from the water ‘eyes’ of the Uyuni 
salt flat in southwest Bolivia, stores large 
amounts of the polymer poly-β-butyrate 
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(PHB). This biodegradable plastic is used by the food, pharma-
ceutical, cosmetic, and packaging industries. 

“[The Uyuni salt flats] are very extreme environments, which 
facilitate intracellular accumulation of PHB, a reserve material 
used by bacteria in times when nutrients are scarce,” said microbi-
ologist Marisol Marqués-Calvo, one of the co-authors of the work 
(http://tinyurl.com/bacteria-PHB). Scientists from the UPC 
and the Graz University of Technology (Austria) have success-
fully made the bacillus produce significant quantities of the com-
pound in the laboratory in cultivation conditions similar to those 
used in industry. The technique is published in the journals Food 
Technology & Biotechnology (51:123–130, 2013) and the Journal 
of Applied Microbiology (114:1378–1387, 2013).

“The resulting biopolymer has thermal properties different 
from conventional PHBs, which makes it easier to process, inde-
pendently of its application,” Marqués added. The research team 
has managed to reduce PHB’s high molecular weight for the first 
time, using lipase enzymes, which break up fats, as well as using 
the biopolymer to form nano- and microspheres loaded with anti-
biotic to control their spread throughout the organism.

The government of Malaysia and the Ministry of Plantation 
Industries and Commodities announced in July the expansion 

of the country’s mandatory biodiesel program into the Southern 
Region. The Central Region, encompassing Putrajaya, Melaka, 
Negeri Sembilan, Selangor, and Kuala Lumpur, first introduced 
mandatory biodiesel use in January 2011. The Central Region 
has since used 113,000 metric tons (MT) of palm biodiesel 
annually.

Implementation in the Southern Region should lead to the 
use of 37,270 MT of palm diesel per year, or a savings of 43.14 
million liters per year of petrodiesel consumption. In July palm 
diesel was being sold in the Southern Region for RM1.80 per 
liter, or $0.55 per liter.

The biodiesel program contributed to the 44% increase in 
the nation’s palm biodiesel production, that is, from 173,220 
MT in 2011 to 249,213 MT in 2012. The program also has 
contributed toward stabilizing the crude palm oil price through 
increased demand for palm biodiesel. 

The successful implementation of the biodiesel program in 
the Central and Southern Regions will result in the increase in 
palm biodiesel consumption in the country to 149,630 MT per 
year. This accounts for 30% of the total target of 500,000 MT 
a year when the B5 (5% biodiesel + 95% petrodiesel) program 
is implemented nationwide by July 2014. To strengthen the 
crude palm oil price through stock reduction, the Government 
has decided to increase the percentage of palm biodiesel blend 
above the 5% threshold. 
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Omega-3 fatt y acids (omega-3s), contained 
in oily fish such as salmon and sardines, 
selectively inhibit growth and induce cell 
death in early and late-stage oral and skin 
cancers, according to new research from 
scientists at Queen Mary, University of 
London.

In vitro tests showed omega-3s induced 
cell death in malignant and premalignant 
cells at doses that did not aff ect normal cells, 
suggesting omega-3s have the potential to be 
used in both the treatment and prevention of 
certain skin and oral cancers—the cancers 
of interest to the Queen Mary researchers. 

In particular, the team was interested in 
studying omega-3s and squamous-cell carci-
nomas (SCC). Squamous cells are the main 
part of the outermost layers of the skin, and 
SCC is one of the most prevalent forms of 
skin cancer. However, squamous cells also 
occur in the lining of the digestive tract, 
lungs, and other areas of the body. Further, 
oral SCC are the sixth most common cancer 

worldwide and are diffi  cult and very expen-
sive to treat.

In the experiments, the researchers 
grew cultures from several different cells 
lines, to which they added fatt y acids. Th e 
cell lines included both oral and skin SCC, 
along with premalignant cells and normal 
skin and oral cells. Kenneth Parkinson, 
head of the Oral Cancer Research Group 
at Queen Mary’s Institute of Dentistry, said 
of the fi nding that the omega-3s selectively 
inhibited the growth of the malignant and 
premalignant cells: “Surprisingly, we dis-
covered this was partly due to an overstim-
ulation of a key growth factor (epidermal 
growth factor), which triggered cell death. 
Th is is a novel mechanism of action of these 
fatt y acids.”

W hile previous research has linked 
omega-3s with the prevention of a number 
of cancers, there has been very little work 
done on oral cancers or normal cells, the 
authors noted.

Zacharoula Nikolakopoulou carried 
out the research while studying for her doc-
torate at Queen Mary, under the supervi-
sion of Parkinson and Adina Michael-Titus. 
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Nikolakopoulou said: “It may be that those at an increased 
risk of such cancers—or their recurrence—could benefit from 
increased omega-3 fatty acids. Moreover, as the skin and oral 
cancers are often easily accessible, there is the potential to deliver 
targeted doses locally via aerosols or gels. However, further 
research is needed to define the appropriate therapeutic doses.”

The research appeared in Carcinogenesis (10.1093/carcin/
bgt257, 2013).

In another study on omega-3 fatty acids, US researchers found 
that diets lacking omega-3 fatty acids (omega-3s) can have wors-
ening effects over consecutive generations of rats, especially 
affecting adolescent animals. The study was led by Bita Moghad-
dam, a professor of neuroscience in the Kenneth P. Dietrich 
School of Arts and Sciences at the University of Pittsburgh (Pitt; 
Pennsylvania).

The Pitt team found that in their model, second-generation 
insufficiencies of omega-3s caused elevated states of anxiety and 
hyperactivity in adolescents and affected the young rats’ memory 
and cognition.

“We have always assumed that stress at this age is the main 
environmental insult that contributes to developing these condi-
tions in at-risk individuals, but this study indicates that nutrition 
is a big factor, too,” said Moghaddam. “We found that this dietary 
deficiency can compromise the behavioral health of adolescents, 
not only because their diet is deficient but because their parents’ 
diet was deficient as well. This is of particular concern because 
adolescence is a very vulnerable time for developing psychiatric 
disorders, including schizophrenia and addiction.”

The Pitt team administered a set of behavioral tasks to study 
the learning and memory, decision making, anxiety, and hyper-
activity of both adult and adolescent rats. Although subjects 
appeared to be in general good physical health, there were behav-
ioral deficiencies in adolescents that were more pronounced in 
second-generation subjects with omega-3 insufficiencies. Overall, 
these adolescents were more anxious and hyperactive, learned 
more slowly, and had impaired problem-solving abilities. The 
team found that the insufficiency affected expression of dopa-
mine-related proteins in both age groups. Further, the adolescents 
exhibited an increase in tyrosine hydroxylase expression that was 
selective to the dorsal striatum. Current thinking suggests that the 
dorsal striatum contributes directly to decision making.

“Our study shows that, while the omega-3 deficiency influ-
ences the behavior of both adults and adolescents, the nature 
of this influence is different between the age groups,” said 
Moghaddam.

The team is now exploring epigenetics, or how environ-
mental events influence genetic information, as a potential cause 
of the differences. Likewise, the team is exploring markers of 
inflammation in the brain, since omega-3 insufficiencies cause 
an increase of omega-6 fats, which are in certain cases proinflam-
matory molecules in the brain and other tissues.

“It’s remarkable that a relatively common dietary change 
can have generational effects,” said Moghaddam. “It indicates 
that our diet does not merely affect us in the short term but also 
can affect our offspring.”

The study appeared in Biological Psychiatry (doi: 10.1016/j.
biopsych.2013.06.007, 2013).

Vitamin D deficiency has been linked to immune-mediated 
diseases by a number of studies. There is some evidence that 
vitamin D deficiency plays a role in multiple sclerosis, type 1 
diabetes (T1D), inflammatory bowel disease, rheumatoid arthri-
tis, systemic lupus erythematosus, and Sjogren’s syndrome, all 
of which are considered to be immune-mediated conditions. 

Does vitamin D deficiency correlate with immune-medi-
ated diseases in the hospital setting? That was the question that 
researchers led by Sreeram V. Ramagopalan of the University of 
Oxford set out to answer in a cross-sectional study that appeared 
in BMC Medicine (doi:10.1186/1741-7015-11-171, 2013). 

The team searched medical records for all patients admitted 
to a particular hospital, specifically looking for patients who were 
medically coded for vitamin D deficiency or rickets and osteoma-
lacia, which are linked to vitamin D deficiency. They next exam-
ined what diseases these vitamin D-deficient patients suffered 
from, matching the deficient patients with controls—patients 
admitted to the hospital that were not suffering from vitamin D 
deficiency, rickets, or osteomalacia. In total, the researchers had 
records for 19,679 patients with vitamin D deficiency (13,260 
with vitamin D deficiency only, 1,228 with rickets, and 5,191 
with osteomalacia). 

• The researchers found an extensive list of immune-
mediated diseases associated with vitamin D defi-
ciency. Compared to controls, patients coded for 
vitamin D deficiency had an increased risk of having 
Addison’s disease (which causes adrenal hormone 
insufficiency), ankylosing spondylitis (a type of arthri-
tis), autoimmune hemolytic anemia, chronic active 
hepatitis, celiac disease, Crohn’s disease, T1D, pemphi-
goid (a rare autoimmune skin blistering disease), per-
nicious anemia, primary biliary cirrhosis, rheumatoid 
arthritis, Sjogren’s syndrome, and other autoimmune 
disorders. All of these associations were statistically 
significant.

• A diagnosis of vitamin D deficiency, however, also 
pointed to a decreased risk of having asthma and myx-
edema, and decreased activity of the thyroid gland.

“Regardless of whether vitamin D deficiency causes these 
diseases or these diseases cause vitamin D deficiency, vitamin D 
deficiency should be treated and monitored,” said Brant Cebulla, 
writing about the study on the Vitamin D Council’s blog (www.
vitamindcouncil.org). “At the very least, this study provides evi-
dence that patients with these diseases are at risk for vitamin D 
deficiency and should be treated accordingly. Further research 
will clarify if vitamin D sufficiency has any prevention or treat-
ment effect for these diseases.” 
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Genomes of two oil palm species—Elais 
guineensis and E. oleifera—have been mapped 
by researchers with the Malaysian Palm Oil 
Board (MPOB; Kuala Lumpur), Orion 
Genomics (St. Louis, Missouri, USA), and 
Cold Spring Harbor Laboratory (New York, 
USA). The results appeared in the journal 
Nature in late July.

The research identified a single gene in 
E. guineensis that is critical for yield of the oil 
palm, a crop that accounts for nearly half of 
the world’s edible vegetable oil. The gene is 
called SHELL. Mutations in the gene explain 
the single most important economic trait of 
the oil palm: how the thickness of the shell sur-
rounding the seed correlates to the fruit size 
and oil yield.

Th ree shell forms are known: dura (thick), 
pisifera (shell-less), and tenera (thin). Th e latt er, 
which is a hybrid between dura and pisifera 
palms, has a distinct fi ber ring surrounding the 
coconut-like shell of the oil palm seed.

Until now, mapping of the SHELL gene 
has been very challenging because the genome 
of the plant is large; generation times are long; 
and phenotyping in experimental oil palm 
plantations, which are widely distributed geo-
graphically, is diffi  cult.

Th e tenera palm produces 30% more oil 
per hectare than dura palms and is commer-
cially the most desirable form. Currently, it 

can take six years to identify whether an oil 
palm plantlet has the desired shell form. Th e 
genetic marker will also be important for 
quality control in commercial seed produc-
tion; allowing for reduction or elimination 
of dura forms in the nursery, long before the 
plants are set out in the fi eld.

Being able to genotype the oil palm will 
enable the achievement of higher oil yields, 
and may lead to reduction in land area devoted 
to oil palm plantations. In turn, genotyping 
could then provide opportunities for conser-
vation and restoration of dwindling reserves 
of tropical rain forests, which have been 
destroyed in favor of oil palm plantations. 

According to the St. Louis Post-Dispatch 
newspaper (htt p://tinyurl.com/diagnostics-
patents), the MPOB has not decided how 
this information will be transferred to oil 
palm producers. Th e likelihood is the MPOB 
will license a diagnostic test, for which it will 
redeive royalties. Th e MPOB has been fi ling 
gene patents during the past year pertaining 
to applications of the gene and diagnostic 
approaches. 

The researchers also revealed a draft 
sequence of E. oleifera, which has the same 
number of chromosomes (2n = 32) and pro-
duces fertile interspecific hybrids with E. 
guineensis but seems to have diverged about 
51 million years ago in the Old World–New 
World split. Of the two, E. guineensis has a 
higher oil yield, but E. oleifera has higher 
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unsaturated fatty acid content, lower height, and resistance to 
disease.

For further information, see the original papers:
• Singh, R., E.L. Low, L. Cheng. L. Ooi, M.O. Abdullah, 

et al., The oil palm SHELL gene controls oil yield and 
encodes a homologue of SEEDSTICK, Nature, doi: 
10.1038/nature 12356.

• Singh, R., M. Ong-Abdullah, E.L. Low, M.A.A. Manaf, 
R. Rosli, et al., Oil palm genome sequence reveals diver-
gence of interfertile species in Old and New worlds, 
Nature, doi: 10.1038/nature12309.

Aprosoja, Brazil’s largest soybean cooperative, dropped its lawsuit 
against US seed producer Monsanto in August 2013. Aprosoja filed 
the lawsuit on behalf of Brazilian farmers to reclaim royalties on 
Roundup Ready seeds paid since 2010. 

Both sides came to an agreement outside of court that led to 
Aprosoja ending its legal action. As part of the agreement, Mon-
santo is offering discounts of 16% per hectare on Intacta RR2 PRO™ 
insect-resistant seeds for farmers who sign contracts agreeing not to 
sue the GM seed company for the royalties they had paid. 

Monsanto had claimed that its seed patent on its Roundup 
Ready crop extended into 2014. However, Brazil’s Upper Tribunal 
of Justice rejected the company’s claim in February 2013, declaring 
that the patent expired in 2010. Soybean farmers, who were still 
charged royalties between 2010 and 2013 as the case was proceed-
ing, wanted their paid monies returned, and they enlisted the help 
of Aprosoja to prosecute the company. 

The company’s genetically modified technology is present in 
85% of Brazil’s soyfields, according to Reuters news service. 

Many African countries remain skeptical of the use of genetically 
modified (GM) crops. However, some nations have been swayed 
to a more positive outlook. 

South Africa has grown GM corn, soybeans, and cotton com-
mercially since 1996 and is both the first GM crop sower and 
largest producer in Africa, growing 3 million hectares of GM crops 
annually. Egypt began planting GM corn in 2008; Burkina Faso, 
GM cotton in 2009; and Sudan, GM cotton in 2012. 

The rest of the continent has been slow to make the shift. The 
reason for the resistance involves political and economic pres-
sures, particularly those of the largest importer of Africa’s crops, 
the European Union (EU). Strict EU regulations on GM food 
and feed products have discouraged African leaders from invest-
ing. Several leaders are also concerned that using GM crops gives 
seed companies such as DuPont and Monsanto too much influ-
ence on African economies. 

Despite these concerns, Cameroon, Kenya, Malawi, Ghana, 
and Uganda have approved confined trials of GM crops. Also, in 
July 2013, DuPont Pioneer completed its acquisition of South 
African seed company Pannar Seed Ltd. As part of the invest-
ment, DuPont will invest 62 million in South African Rand ($6.0 

million) in building a regional research center similar to the 
DuPont Innovation Centers elsewhere in the world. Pannar will 
also receive access to DuPont’s genetics library and technology to 
improve African farming techniques. 

The University of Nottingham (England, United Kingdom) 
licensed bacterial coating technology for crops to British sus-
tainable nitrogen research company Azotic Technologies Ltd. 
The coating, developed by university professor Edward Cocking, 
allows plants to absorb nitrogen from the surrounding atmosphere 
through nitrogen fixation. 

Most plants—the exceptions being legumes such as peas, 
beans, and lentils, which can perform nitrogen fixation on their 
own—use fertilizer to efficiently supply nitrogen to build nucle-
otides for DNA and RNA and create amino acids. The bacterial 
coating makes it possible for plants to take nitrogen out of the air 
the same way legumes do. This bacterium can incorporate itself 
into the cellular structure of all major crops, including soybean, 
cotton, and others, forming a commensal relationship.

Azotic will handle acquiring initial regulatory approval in the 
UK, Europe, the United States, and other countries. The company 
expects the coating to be available in two to three years under the 
name N-Fix.  

For more information, go to www.azotictechnologies.com/
index.php/. 

In a paper appearing in the August 2013 issue of Nature Genetics 
(doi: 10.1038/ng.2725) scientists report they have found a gene 
in rice plants that can be altered to increase root length, helping the 
plant absorb more nutrients and survive intense drought conditions. 

Rice plants with a higher expression of the DEEPER 
ROOTING 1 (DRO1) gene will have roots that point downward 
and grow up to twice as deep into the ground. Rice plants with the 
DRO1 gene had 3.6 times the yield of non-altered rice plants in 
severe drought conditions. Even in moderate growing conditions, 
the deeper roots led to twice the yield of rice plants without DRO1. 

The DRO1 gene occurs naturally in more than 60 rice varieties. 
The gene was altered through traditional crossbreeding techniques 
until the team produced a rice crop in which DRO1 expression was 
uniformly present.

The authors of the paper pointed out in their conclusion that: 
“Other economically important monocots, such as maize, contain 
DRO1 homologs that may be useful for enhancing drought avoid-
ance in other crops. Our results open the way for new breeding strat-
egies using genes influencing root system architecture to develop 
crop cultivars with high adaptability to drought.” 

Other important oil-bearing monocots include corn and oil 
palm. 
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The American Cleaning Institute’s (ACI) 
2013 Sustainability Report, which was 
released in early August 2013 by the Wash-
ington, DC-based trade group, shows overall 
reductions by member companies in four 
environmental metric data points: energy 
use, greenhouse gas emissions, water use, and 
solid waste generation. 

Twenty-four ACI member companies, 
including cleaning product makers and sup-
pliers, submitt ed environmental metrics data 
refl ecting US cleaning product-related pro-
duction. To ensure year-to-year comparability 
in all data categories, only companies whose 
data spanned all three reporting years (2009, 
2010, and 2011) are presented in the report. 

The US cleaning product industry’s 
report details continual adoption of sustain-
ability practices within the cleaning prod-
ucts supply chain, said ACI. “[The report] 
also highlights how ACI and its members are 
improving product safety and transparency 
and giving back to those in need,” the group 
said in a news release.

Among the findings of the 2012 ACI 
Sustainability Report:

• Overall, 2011 showed a reduction 
in the industry’s footprint for all 

four environmental metrics com-
pared to 2009. During this period, 
energy use decreased 9%, green-
house gas emissions decreased 7%, 
water use decreased 5%, and solid 
waste generation decreased 17%.

• There was also improvement in 
the energy use profi le per cleaning 
product produced. From 2009 to 
2010, energy use saw a 6% decrease, 
and from 2010 to 2011, this metric 
decreased 4%.

• Th ere was a 12% decrease in green-
house gas (GHG) emissions from 
2010 to 2011.

The report is available at http://www.
cleaninginstitute.org/sustainability2013.

World demand for lubricants—a key end use 
for surfactants—is expected to increase 2.3% 
per year to 43.9 million metric tons (MMT) 
in 2017. Th e fastest growth will be in Asia, 
supported by rising vehicle ownership rates 
and ongoing industrialization in large coun-
tries such as China. Above-average increases 
will also occur in South America, the Middle 
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East, and Africa. These regions will each experience healthy eco-
nomic growth, rising manufacturing output, and expanding 
motor vehicle ownership—all of which will contribute to gains 
in lubricant consumption. 

In contrast, demand will remain nearly flat in the developed 
countries of North America and Western Europe, where effi-
ciency gains will offset the effects of rising economic and indus-
trial output. Although volume growth will be restrained in these 
regions, lubricant suppliers will benefit from increasing demand 
for premium, high-value products such as synthetic and bio-based 
lubricants. These and other trends are presented in World Lubri-
cants, a new study from The Freedonia Group, Inc., a Cleveland, 
Ohio, USA-based industry market research firm.

Demand for lubricants used in the manufacturing market 
will see healthy growth, driven by rising manufacturing output 
especially in developing countries. Asia, Eastern Europe, South 
America, the Middle East, and Africa will benefit from the con-
tinued shift of global manufacturing activity to these regions. 
Gains in other markets, including agriculture and construction, 
will in the aggregate outpace those in both the motor vehicle and 
manufacturing markets through 2017. Healthy economic growth, 
investment in infrastructure and other construction, and the 
increasing mechanization of the economies in developing coun-
tries will result in strong performance in these markets.

For more information about the report, visit www.freedo-
niagroup.com.

Field research on key detergent ingredients demonstrates low 
environmental risk to waterways and river sediments, accord-
ing to a study by the American Cleaning Institute (ACI), a trade 
group based in Washington, DC.

The research, “Occurrence and Risk Screening of Alcohol 
Ethoxylate Surfactants in Three US River Sediments Associated 
with Wastewater Treatment Plants,” appeared in the Science of 
the Total Environment (463–464:600–610, 2013). The complete 
article is available at http://tinyurl.com/AES-ACI.

Alcohol ethoxylates (AE) are high production volume chem-
icals used around the world in detergent and personal care prod-
ucts. The chemical backbone of AE—aliphatic alcohols or, simply, 
fatty alcohols—represents a special interest in the context of envi-
ronmental risk, as fatty alcohols are also abundant and ubiquitous 
naturally occurring compounds that may be found in animal and 
human waste, plant matter, runoff, and the like. 

Hence, in a risk assessment, researchers need to distin-
guish between the natural fatty alcohol concentrations and the 
added contribution from human activities, according to Kathleen 
Stanton, ACI director of technical and regulatory affairs and one 
of the paper’s co-authors. 

“The major disposal route of AE is down the drain through 
sewage systems and municipal wastewater treatment plants into 
receiving surface waters,” said Stanton. “This makes the fate and 
effects of residual AE in treated sewage effluent of interest to 
industry and regulators alike. 

“We found through a weight-of-evidence risk assessment 
that AE and fatty acids associated with detergent use present a 

low risk to the environment. It also highlights the need to care-
fully consider the procedures for environmental risk assessment 
of compounds such as fatty alcohols, as they are found naturally in 
the environment as well as associated with consumer product use.

“This latest article ties a bow on field work first conducted 
in 2003,” added Stanton. 

US President Barack Obama on August 1 signed an executive 
order instructing key federal agencies, including the Department 
of Labor, to work together to reduce the risks of hazardous chemi-
cals to workers and communities. 

The order directs federal agencies to initiate “innovative 
approaches” for collaborating with stakeholders to improve chem-
ical facility safety and security through agency programs and 
private-sector initiatives, federal guidance, standards, and regula-
tion. Included in the order is a requirement for the department to 
review, along with the Environmental Protection Agency (EPA), 
the Occupational Safety and Health Administration’s Process 
Safety Management (PSM) standard and the EPA’s Risk Man-
agement Program (RMP). The review will determine if the PSM 
standard or RMP can and should be expanded to address addi-
tional regulated substances and types of hazards. In a confer-
ence call with stakeholders, Assistant Secretary of Labor David 
Michaels, the head of the Occupational Safety and Health Admin-
istration, said his agency strongly supports the efforts of the presi-
dent to improve and enhance chemical plant safety.

More information on the executive order is available at 
http://tinyurl.com/Chem-Safety-Order.

Singapore’s Wilmar International Ltd. and Elevance Renewable 
Sciences, Inc., a specialty chemicals company in Woodridge, Illi-
nois, USA, announced in July 2013 that they have begun ship-
ping commercial products, including novel specialty chemicals, 
to customers from their first world-scale joint venture biorefin-
ery in Indonesia. The biorefinery is the first based on Elevance’s 
proprietary metathesis technology. (For more about metathesis, 
see www.elevance.com/technology/metathesis/.)

The commercial-scale manufacturing facility produces 
novel specialty chemicals, including multifunctional esters such 
as 9-decenoic methyl ester, biobased alpha and internal olefins 
such as decene, and oleochemicals. The facility has a capacity of 
180,000 metric tons (MT) per year  with the ability to expand 
up to 360,000 MT.

The specialty chemicals, olefins, and oleochemicals will be 
used in personal care products, detergents and cleaners, lubri-
cants and additives, engineered polymers, and other specialty 
chemicals markets. 

The new plant is located within Wilmar’s integrated manu-
facturing complex in Gresik, Indonesia. The biorefinery will ini-
tially operate using palm oil, but is capable of running on multiple 
renewable oil feedstocks, including mustard, soybean, and, when 
they become commercially available, jatropha and algal oils. 
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The Oil Technologists’ Association of India and CSIR-Indian Institute 
of Chemical Technology have named AOCS member Sevim Erhan 
recipient of the Dr. K.T. Achaya Award for her significant contribu-
tions made in the area of lubricants. The award was presented during 
the inaugural function of the International Conference on Emerging 
Trends in Oleochemicals & Lipids Expo 2013 in Hyderabad, India 
on August 8. 

After 16 years with Mississippi State University (USA), William 
Holmes moved in June to the University of Louisiana at Lafayette 
(USA), where he is director of mass spectrometry and instrument 
development for the College of Engineering. He is presently working 
in the areas of energy and oils.

CPM, the world’s leading supplier of process engineering, process 
equipment, and aftermarket parts for the oilseed, animal feed, bio-
fuels and food processing industries, announced the appointment of 
Todd Fierro to Crown Companies’ general manager.  Fierro fills a 
new executive management position responsible for global coordina-
tion of all sales, operations, engineering, strategy, and administrative 

functions. He will be based in Roseville, 
Minnesota, USA, and will report to Ted 
Waitman, CEO of CPM.

“Todd will complete the global align-
ment of resources and technologies to 
strengthen Crown’s leadership position in 

preparation, extraction, refining and oleochemical solutions,” said 
Waitman. 

AOCS members Gary List, retired from the US Department of Agri-
culture, National Center for Agricultural Utilization Research, Peoria, 
Illinois, and Lekh Juneja, executive vice president of Taiyo Kagaku 
Co. Ltd., Yokkaichi, Mie, Japan, were named Fellows of the Institute 
of Food Technologists at the IFT Annual Meeting + Food Expo held 
in Chicago, Illinois, USA on July 13–16, 2013. 
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Shodai, H., et al., Shionogi & Co., Ltd., US8372428, February 
12, 2013

A soft capsule in which a shell is filled with fill material, 
and the fill material is in a solid or semi-solid form at room tem-
perature. The soft capsule may be a chewable capsule, and the 
fill material may comprise a low melting point additive. The 
content of the low melting point additive may be 10% or more 
with respect to the total weight of the fill material, and may have 
a melting point of about 20–50°C. The low melting point addi-
tive may be selected from the group consisting of chocolate base, 
lard, coconut oil, and macrogol (polyethylene glycol) as well as 
a combination thereof. 

Ursin, V., et al., Monsanto Technology LLC, US8378186, Febru-
ary 19, 2013

The invention relates generally to the expression of desatu-
rase enzymes in transgenic corn plants and compositions derived 
therefrom. In particular, the invention relates to the production 
of oils with improved omega-3 fatty acid profiles in corn plants 
and the seed oils produced thereby. Such oils may contain stea-
ridonic acid, which is not naturally found in corn plants and has 
been shown to have beneficial effects on health.

Simons, J.B., Henkel Corp., US8382937, February 26, 2013
Natural oils, fats, and other fatty acid triglycerides are trans-

esterified with polyalcohols such as trimethylolpropane or glyc-
erol to yield polyhydroxyl-functionalized reaction products that 
are useful materials in the formulation of two-component lami-
nating adhesives.

Aranda Cotero, J., et al., US8383020, February 26, 2013
A dielectric fluid composition containing 60–63% in weight 

of monounsaturated fatty acid, of 20–23% in weight of di-unsatu-
rated fatty acid, of 5–7% in weight of tri-unsaturated fatty acid, and 
of 6–8% in weight of saturated fatty acid, such that the dielectric 

fluid is free of antioxidants and/or external additives and has the 
following properties: a dielectric strength of 40 kv to 70 kV at a 
separation of 2 mm, a dielectric constant of 2.5–3.1 at 25°C, and a 
dissipation factor of 0.05–0.15% at 25°C. The dielectric fluid com-
position can be obtained by a combination of 95.5% to 99.25% in 
weight of at least one high-oleic vegetable oil, of 0.25% to 1.5% in 
weight of grapeseed oil, of 0.25% to 1.5% in weight of sesame seed 
oil, and of 0.25% to 1.5% in weight of rice bran oil.

Lemke, D.W., US8378132, February 19, 2013
Transesterification systems and methods for producing 

methyl ester are disclosed. In one embodiment, a method for 
producing methyl ester includes introducing a first charge into a 
reactor. The first charge contains a triglyceride-containing fat and 
an alcohol. The method can also include performing a first trans-
esterification reaction in which the triglyceride-containing fat is 
reacted with the alcohol to produce a first product. The method 
can further include settling the first product into a methyl ester-
containing layer and a glycerol-containing layer, decanting the 
glycerol-containing layer after settling from the reactor, mixing 
a second charge with the first product, and performing a second 
transesterification reaction after mixing the second charge with 
the first product. 

Abe, H., et al., Kao Corp., US8378133, February 19, 2013
The present invention provides a method for producing a 

fatty acid alkyl ester, including step 1 of adding at least one sur-
factant selected from anionic surfactants, cationic surfactants, and 
amphoteric surfactants, and water to a crude fatty acid alkyl ester 
and stirring to obtain a mixture containing aggregates, and step 2 
of separating the aggregates from the mixture from step 1 so that 
the removal rate of steryl glucoside is 60% or more.

Chacornac, I., and P. Probeck, Sanofi, US8383146, February 26, 
2013

A process for the preparation of a composition intended for 
the oral administration of active principles with unacceptable 
taste, which comprises from about 15% to 30% of organoleptically 
unpleasant active ingredient (principle) that is mixed with from 
about 60% to about 80% of an ester of glycerol or of a fatty acid, 
to which a wax is optionally added and to which a surfactant is 
added, and in that it is prepared by a spray-cooling process which 
can produce a particle size of less than 350 μm.
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Randall, K.M., et al., Can. J. Anim. Sci., DOI: 10.4141/cjas2013-
001, 2013.

A 16-wk feeding trial was conducted to examine the effect of 
adding coriander oil to vegetable oil (VO) diets on the biocon-
version of linoleic acid (LA; 18:2n-6) to arachidonic acid (ARA; 
20:4n-6) and α-linolenic acid (ALA; 18:3n-3) to eicosapentaenoic 
acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3) 
in rainbow trout. The experimental treatments were a 4×2 facto-
rial arrangement of diets using four dietary oils (fish, flax, canola, 
and camelina oils) and two levels of coriander oil (0 and 5 g kg-1 
inclusion levels). Twenty-four tanks of triploid female rainbow 
trout (130 g initial weight; n = 3) were used in the experiment. 
The experiment lasted 112 d during which fish were fed to sati-
ation twice per day. The fatty acid composition of fillets from 
coriander-fed fish had increased concentrations of 20:5n-3 and 
22:6n-3 (P < 0.05). Furthermore, a trend to increased (20:5n-3 + 
22:6n-3)/20:4n-6 ratios was seen when coriander oil was added 
to the diet (P = 0.067). These results suggest that the addition of 
coriander oil to VO diets can significantly increase the bioconver-
sion of 18:3n-3 to 20:5n-3 and 22:6n-3 in rainbow trout.

Anton, M., J. Sci. Food Agric. 93:2871–2880, 2013.
Hen egg yolk is an ideal example of natural supramolecu-

lar assemblies of lipids and proteins with different organization 
levels. These assemblies are mainly due to interactions between 
proteins and phospholipids, and these interactions are essential 
in understanding and controlling the production of food made 
with yolk, and particularly emulsions. Furthermore, these assem-
blies can be modulated by external constraints among which are 
thermo-mechanical and high-pressure treatments. This review 
focuses on multiscale structures present in egg yolk, and their 
modulation by processes, in relation with their emulsifying prop-
erties. Egg yolk is mainly composed of two fractions—plasma and 
granules—which are natural nano- and micro-assemblies. These 
two fractions possess different composition, structures, and func-
tionalities and exhibit specific behavior under treatments such as 
high pressure and temperature. Plasma contains a large quantity 
of lipids structured as lipoproteins (low-density lipoproteins), 
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whereas granules are mainly composed of proteins aggregated in 
micrometric assemblies. If plasma is responsible for the important 
emulsifying properties of yolk, granules bring interesting emul-
sifying properties when assemblies are in the form of micelles in 
presence of salts. High-pressure or thermal treatments, applied 
before or after emulsion fabrication, alter their functionalities and 
could be used to commercially exploit these fractions.

Chiavaro, E., et al., J. Sci. Food Agric. 93:2909–2916, 2013.
The nature of the relationship between differential scanning 

calorimetry thermal properties and the oxidation and hydrolysis 
compounds formed during a real auto-oxidation process in virgin 
olive oils has not been evaluated so far, as these samples are dif-
ficult to find. In this work, 21 samples of virgin olive oil, stored 
under ideal conditions since their years of production (produc-
tion range 1991–2005) to develop the natural auto-oxidation 
process, were analyzed in order to evaluate this relationship. Oils 
stored the longest time showed the highest hydrolytic degradation 
while the others exhibited higher contents of oxidized fatty acids 
and triacylglycerols, instead. Thermal properties of transitions 
were differently influenced by degradation compounds with the 
onset of both the cooling and heating profiles particularly influ-
enced by diacylglycerols and oxidized lipids. Chemical data and 
thermal properties were correlated by using principal compo-
nent analysis. Twenty-three variables were selected for the anal-
ysis with the first component fully segregating samples into two 
groups according to the year of storage and the level of hydroly-
sis and/or oxidation, on the basis of selected thermal properties 
obtained by cooling and heating transitions. These preliminary 
findings showed that differential scanning calorimetry could be 
considered a useful tool to evaluate lipid degradation in virgin 
olive oils, indicating its value as a support to chemical techniques. 

Liu, K., and F.T. Barrows, J. Agric. Food Chem. 61:7325–7332, 
2013.

Three methods are described to fractionate condensed dis-
tillers solubles (CDS) into several new co-products, including 
a protein–mineral fraction and a glycerol fraction by a chemi-
cal method; a protein fraction, an oil fraction, and a glycerol–
mineral fraction by a physical method; or a protein fraction, an 
oil fraction, a mineral fraction, and a glycerol fraction by a physi-
cochemical method. Processing factors (ethanol concentration 
and centrifuge force) were also investigated. Results show that 
the three methods separated CDS into different fractions, with 
each fraction enriched with one or more of the five components 

(protein, oil, ash, glycerol, and other carbohydrates) and thus 
having different targeted end uses. Furthermore, because glyc-
erol, a hygroscopic substance, was mostly shifted to the glycerol 
or glycerol-mineral fraction, the other fractions had much faster 
moisture reduction rates than CDS upon drying in a forced air 
oven at 60°C. Thus, these methods could effectively solve the 
dewatering problem of CDS, allowing elimination of the current 
industrial practice of blending distiller wet grains with CDS for 
drying together and production of distiller dried grains as a stand-
alone co-product in addition to a few new fractions.

Rodríguez-Sánchez, D.G., et al., J. Agric. Food Chem. 61:7403–
7411, 2013.

Avocado fruit extracts are known to exhibit antimicrobial 
properties. However, the effects on bacterial endospores and the 
identity of antimicrobial compounds have not been fully eluci-
dated. In this study, avocado seed extracts were tested against 
Clostridium sporogenes vegetative cells and active endospores. 
Bioassay-guided purification of a crude extract based on inhibi-
tory properties linked antimicrobial action to six lipid derivatives 
from the family of acetogenin compounds. Two new structures 
and four compounds known to exist in nature were identified as 
responsible for the activity. Structurally, most potent molecules 
shared features of an acetyl moiety and a trans-enone group. All 
extracts produced inhibition zones on vegetative cells and active 
endospores. Minimum inhibitory concentrations (MIC) of iso-
lated molecules ranged from 7.8 to 15.6 μg/mL, and bactericidal 
effects were observed for an enriched fraction at 19.5 μg/mL. 
Identified molecules showed potential as natural alternatives to 
additives and antibiotics used by the food and pharmaceutical 
industries to inhibit Gram-positive spore-forming bacteria.

Rahman, H., et al., Lipid Technol. 25:182–185, 2013.
Increasing the seed oil content of Brassica species and other 

major oilseed crops is of paramount importance in maintaining 
a future supply of vegetable oil for a growing global population. 
Currently, commercially available Brassica species with enhanced 
seed oil content have all been developed through plant breed-
ing. Many quantitative trait loci including gene interactions are 
involved in the control of seed oil content. Despite this complex-
ity, manipulation of specific steps in storage lipid biosynthesis 
using genetic engineering has resulted in transgenic lines of Bras-
sica napus with increased seed oil content. Recent studies suggest 
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that engineering of seed oil content can be guided using methods 
in metabolic analysis.

den Besten, G., et al., J. Lipid Res. 54:2325–2340, 2013.
Short-chain fatty acids (SCFA), the end products of fermen-

tation of dietary fibers by the anaerobic intestinal microbiota, have 
been shown to exert multiple beneficial effects on mammalian energy 
metabolism. The mechanisms underlying these effects are the subject 
of intensive research and encompass the complex interplay between 
diet, gut microbiota, and host energy metabolism. This review sum-
marizes the role of SCFAs in host energy metabolism, starting from 
the production by the gut microbiota to the uptake by the host and 
ending with the effects on host metabolism. There are interesting 
leads on the underlying molecular mechanisms, but there are also 
many apparently contradictory results. A coherent understanding 
of the multilevel network in which SCFAs exert their effects is ham-
pered by the lack of quantitative data on actual fluxes of SCFAs and 
metabolic processes regulated by SCFAs. In this review we address 
questions that, when answered, will bring us a great step forward in 
elucidating the role of SCFAs in mammalian energy metabolism.

Knothe, G., Eur. J. Lipid Sci. Tech. 115:901–908, 2013.
In this work, the methyl esters of two oils enriched in γ-linolenic 

acid (6Z,9Z,12Z-octadecatrienoic acid) were prepared under the 
aspect of evaluating their properties, including potential fuel proper-
ties. One oil is black currant oil in which γ-linolenic and α-linolenic 
(9Z,12Z,15Z-octadecatrienoic acid) are relatively evenly distributed, 
and the other oil is borage oil, which mainly contains γ-linolenic acid 
as C18:3 species. The fatty acid profiles of both oils confirm litera-
ture results. The cetane number (CN) of neat methyl γ-linolenate 
was also determined for the first time as 29.2, which is slightly higher 
than that of the more common methyl α-linolenate. The methyl 
esters (biodiesel) from such oils meet most property specifications 
in biodiesel standards with the exception of feedstock restrictions 
on highly unsaturated fatty acid chains, although CNs are lower and 
antioxidants are required for oxidation stability. Although, due to 
their nutritional value and limited occurrence, these oils are unlikely 
biodiesel feedstocks themselves, their methyl esters may be seen as 
models for similar derivatives from other feedstocks with elevated 
levels of unsaturation, including algal oils. The 1H and 13C NMR 
spectra of black currant and borage methyl esters are also reported.
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Traditionally, lipid analysis is a tedious process requiring 
(i) sample collection, (ii) sample storage, (iii) sample prepara-
tion, (iv) measurement of analytes, and (v) data handling (Stark, 
2008). Sample preparation can then be broken down further into 
(i) homogenization, (ii) extraction, and (iii) derivatization steps. 
Occasionally, and depending on the final goal of analysis, one or 
more of these steps can be combined into a single step, but these 
steps are rarely completely removed. Adding to the significant 
requirements of fatty acid analysis is the potential for additional 
analytical steps such as thin-layer chromatography for the sep-
aration of more specific fatty acid fractions. Although the ana-
lytical process for lipids is a challenge, significant advances have 

been made over the past 10–15 years in collection (e.g., fingertip 
prick blood collection) (Marangoni et al., 2004), extraction (e.g., 
ultrasonic energy) (Luque-Garcia and Luque de Castro, 2007), 
derivatization (e.g., microwave energy) (Armstrong et al., 2008), 
and fast gas chromatographic steps (Masood et al., 2008). Despite 
these advances, more traditional methods remain entrenched as 
standard procedure in many research institutions.

A comparison of the three most commonly used fatty acid extrac-
tion methods from food was carried out in flaxseed (Taha et al., 
2012). These three methods are (i) the International Organiza-
tion for Standardization (ISO) method, (ii) the AOAC Interna-
tional method, used most commonly in industry for nutritional 
labeling purposes, and (iii) the Folch method, used most com-
monly in academic settings for agricultural, nutritional, and bio-
chemical research. These methods commonly require between 4 
and 24 hours to complete and can require up to 10 grams (g) of 
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sample and as much as 500 milliliters (mL) of sol-
vents for the extraction process. Specifically, the 
Folch method uses a 2:1:0.8 chloroform/metha-
nol/aqueous buffer solvent mixture. Extraction 
of the lipids is performed with 2:1 chloroform/
methanol, and the aqueous buffer is added to facil-
itate the separation of polar (methanol) and non-
polar (chloroform) layers. This separation step 
requires centrifugation of the mixture followed by 
the manual pipetting of the bottom lipid-contain-
ing chloroform layer for the isolation of extracted 
lipids. 

Manual laboratory techniques can yield sig-
nificant variability from day to day and sample 
to sample within an individual. This variability is 
even larger between individuals within the same 
lab or between different labs and makes compara-
tive analyses difficult. Methods and techniques 
designed to automate and simplify these proced-
ures can reduce variability thereby improving 
analysis between multiple datasets. 

Certo Labs has recently developed both a fatty 
acid and a cholesterol extraction kit to expedite 
the process of extracting lipids from various tissue 

and food samples. These extraction kits are based on the Folch 
extraction method, which requires significant experience and skill 
to achieve accuracy and precision. The aims are to simplify the 
method without compromising this accuracy and precision and to 
allow non-experts to perform the lipid extractions with ease and 
confidence, and in significantly less time than would traditionally 
be required. 

Using the Certo kit requires no pipetting, no centrifugation, 
and no mixing of standards and solvents. The pre-mixed extraction 
solvents are added to the tissue or food sample, and subsequently 
homogenized and extracted as normal. Following this, the aqueous 
buffer is added and the sample/solvent, inverted twice, added to the 
extraction syringe and passed through the treated filter (Fig. 1) by 
the gentle plunging of the syringe. The lipid-containing chloroform 
mixture is collected, and the non-lipid-containing water/methanol 
is selectively trapped and left behind in the filter. The Certo kit uses 
a 2:1:0.5 chloroform/methanol/aqueous buffer solvent mixture 
that is slightly different from the Folch method (2:1:0.8). The Folch 
solvent ratios are intended for optimal separation of polar and non-
polar phases by centrifugation. Conversely, the modification of this 
ratio in the Certo kit is intended for optimal separation of polar and 
nonpolar phases by the aqueous filter. 

The Certo kit has been tested for both cholesterol and fatty 
acids in a variety of foods and tissues and compared with the classic 
Folch method. Accuracy of lipid concentrations (mg/g) in egg 
and brain samples was similar (Fig. 2). The Certo kit also provided 
greater precision as the relative standard deviations averaged 4% in 
egg and 10% in brain, whereas Folch results averaged 6% in egg and 
17% in brain. We hypothesize this is due to the removal of human 
error associated with manual pipetting, and it should be noted the 
Folch results were generated from a highly trained technician with 
5+ years of experience in fatty acid determinations. 

In addition to the increased analytical precision, using the 
Certo kit appreciably reduces the time required to perform the 
separation technique. The extraction time for the egg and brain 
data presented herein (6 samples each) required only 3 minutes 
using the Certo kit, while it took 12 minutes using the conven-
tional Folch method. This correlates to an average of 30 seconds 
per extraction when using the Certo kit and 2 minutes per extrac-
tion for the Folch method.

Currently, the Certo kit has been assessed and developed for 
use in cholesterol and fatty acid extractions from approximately 
100 mg of tissue or food samples; however, the kit has the potential 
for application to the preparation of any lipid-soluble compound 
including vitamins A, D and E; pesticides; and antibiotics. In addi-
tion, a larger-volume extraction kit that will allow for the analysis 
of up to 1 g of a sample and uses 20 mL of 2:1 chloroform/metha-
nol for extraction is in development. These simple, easy, and high-
throughput extraction kits promise to save academic and industry 
researchers’ additional time and costs without compromising the 
accuracy and precision of the determination of lipid compounds.
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leading avocado growers, began commercial avocado oil produc-
tion in a new 10,000 square meter processing and packaging plant 
in Jalisco, Mexico, in the second quarter of 2013. Mevi is operat-
ing the plant as a joint venture with AvoHealth, and according to 
Andrew Logan, they are using “cylindrical malaxers to eliminate 
dead spaces and reduce the opportunity for oxygen damage.” 
The temperature in the malaxers is kept at about 40–50°C, which 
does not adversely affect oil quality. Logan commented, “Cylin-
drical malaxers . . . maximize the heat transfer area, which in turn 
reduces residence time.”

Keshavan Niranjan, a professor of food bioprocessing with 
the University of Reading (UK), points out the advantage that 
aqueous oil extraction has in processing fruits compared with 
seeds and pulses. “They don’t have significant levels of proteins 

which would otherwise stabilize any emulsion formed, making 
separation of oil from the aqueous phase difficult,” said Niranjan. 
“This is a major issue with soybean.”

To counteract oil/water emulsification and the negative 
impacts on oil yield and quality, industrial processes for the 
extraction of edible oil from oilseeds generally involve a solvent 
extraction step, often using hexane. More importantly, this type 
of extraction is also often cheaper than using mechanical means. 
High oil yields have been reported for such processes, some in 
excess of 95% (Rosenthal et al., 1996). However, the organic sol-
vents used, especially hexane, contribute to emissions of volatile 
organic compounds.
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One such alternative is aqueous extraction (Fig. 1) in 
which water is used, not as a solvent to dissolve oil, but as an 

extraction medium from which oil and protein are washed from 
the material to be separated and recovered. When soybeans are 
ground in water, a small amount of free oil and a larger amount 
of oil-rich cream (oil-in-water emulsion) float. The bulk of the 
underlying solution is rich in protein and sugar, and retains a 
small amount of oil emulsified by the protein; it is referred to 
as soy skim. Underneath the soy skim, an insoluble fiber-rich 
fraction settles out. After centrifuging the slurry of ground soy-
beans, about 45% of the oil can be recovered as a stable cream 
emulsion, which is difficult to break owing to large proportions 
of soluble protein and phospholipids that are potent emulsifiers. 
The skim contains approximately 19% of the seed oil, most of 
the sugars, and 92% of the protein. While aqueous extraction 
has been used to process olives and coconuts, the significantly 
lower yields of oil and dilute protein stream unacceptable for 
feed use have impeded commercial acceptance  by the soybean 
industry. 

Many recent advances deal with these challenges. Key 
advances include: (i) preparing soybeans by cracking, dehulling, 
flaking, and expanding (or extruding) to completely rupture cell 
walls and pseudomembranes around oil bodies, thereby elimi-
nating barriers to extraction, improving oil extraction to 71%, 
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and increasing oil droplet size to reduce emulsion stability; (ii) 
using a protease enzyme to enhance oil extraction to 96% (oil 
recovery is ∼82% because some oil remains emulsified with the 
skim fraction); (iii) employing two stages of extraction with 
enzymes to improve oil extraction to 99% and protein extrac-
tion to 96% while reducing water use by 40%; (iv) using pro-
tease in the second or both stages to produce protein products 
with different extents of hydrolysis thereby enabling recovery 
of two types of protein ingredients with different functional-
ities; (v) breaking the cream emulsion by using the same prote-
ase as used for extraction while achieving 92% demulsification 
efficiency; (vi) recycling enzyme used for cream demulsifica-
tion into one or more extraction stages to conserve enzyme; 
(vii) recovering protein by isoelectric precipitation when using 
enzyme in the second stage only or by membrane filtration 
when using enzyme in both stages; and (viii) using the soy skim 
to slurry with corn for fermentation in a soybean-corn biorefin-
ery. The process employing these “best practices” can be viewed 
in this issue,s supplement (digital and mobile editions only). 
When these advances are integrated, the process is known as 
the “enzyme-assisted aqueous extraction process (EAEP)”; and 
when using these practices 98% oil extraction, 79% oil recovery, 
and 97% protein recovery are possible. 

Rupturing all cells and pseudomembranes around oil 
bodies is key to successful extraction. Flaking and extruding 

(or expanding) are much more effective in rupturing cell walls 
than most other alternatives although some have reported suc-
cessfully using cellulases for that purpose. Using cellulases to 
disrupt cell walls makes sense when recovering oil as intact oil 
bodies. Proteases are critical to breaking down the hydropho-
bic protein oleosin, which along with phospholipids comprise 
the oil body pseudomembrane, to produce free oil. 

The last remaining challenge is to capture maximum value 
of the skim, which contains about 19% of the original oil in 
the bean, soluble and partially hydrolyzed protein, and sugars, 
primarily oligosaccharides that are poorly digestible. The only 
recognized use of the skim is to recover protein isolates for use 
as food ingredients. Recently we demonstrated that EAEP can 
be integrated into a dry-grind corn ethanol plant (Fig. 2) to 
produce enhanced feed (potentially suitable for poultry, swine, 
and fish), speed fermentation, increase fuel ethanol produc-
tion, and produce plant growth promoters. Also, such a process 
allows a second opportunity to remove oil and increase oil yield 
in dry-grind ethanol production.
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Our laboratory began research in this area by developing a 
process to extract corn oil from wet milled corn germ (Table 1; 
Fig. 1A, page 595). We developed an aqueous enzymatic method 
that achieved free oil yields of 80–90% (Moreau et al., 2004).

After completing our studies with wet milled corn germ, we 
shifted to extracting oil from dry milled corn germ, which con-
tains 20–25% oil (Moreau et al., 2009). Using cellulase (at pH 
4–5) as the enzyme, at the same concentration and conditions 
that were successful for wet milled corn germ, we reported that 

no free oil was released from dry milled corn germ but there was 
a large layer of emulsified oil after centrifugation (Fig. 1B, page 
595). A free oil yield of about 60% was achieved after we pre-
treated the dry milled corn germ by heating it in a microwave 
oven (25 g of germ, heated for 40 seconds at 1250 Watts) or  
heating it in a boiling water bath (6 g of germ and 40 ml water 
heated for 30 minutes). A free oil yield of about 65% was achieved 
by adding a second enzymatic step (treating 4 hours with cellu-
lase followed by changing the pH to 8.0 and treating with alkaline 
protease for 2–12 hours) (Fig. 1C, page 595). 

The higher oil yields that we achieved with wet milled corn 
germ may be attributable to the fact that wet milled corn germ 
contains higher levels of oil than dry milled corn germ (and 
perhaps less barriers to impede oil extraction) and may be due 
to the fact that most wet milled corn germ is heated in a commer-
cial drier to remove most of the moisture. When dry milled corn 
germ is used as a feedstock for aqueous enzymatic oil extraction, 
cellulase alone is not sufficient to break the barriers and release 
the oil; and oil can be liberated either by heat pretreatment of 
dry milled corn germ or by adding a second enzymatic step with 
alkaline protease (Moreau et al., 2009).

We also evaluated enzymatic corn germ, “E-germ” ( John-
ston et al., 2009), as an experimental noncommercial corn germ 
feedstock and achieved oil yields of 80–87% when using the com-
bination of cellulase and alkaline protease (Table 1).  

Unlike some of the other oilseeds that have been used as a 
feedstock for aqueous and enzymatic oil extraction, an advan-
tage of corn germ is that free oil can be released by an enzyme 
treatment step and then separated by centrifugation, without the 
need for a second demulsification and centrifugation step. By 
using our processes, wet milled corn germ and E-germ resulted 
in high oil yields (80–90%). Research in our laboratory is con-
tinuing with the goal of increasing the oil yields of dry milled 
corn germ from the current 60–65% to 90% (for more details 
see Moreau et al., 2011b). 
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We adopted the aqueous enzymatic extraction (AEE) 
process to simultaneously obtain the oil and value-added by-
product theasaponin from the Camellia oleifera kernel under 
mild physical-chemical conditions. During the development of 
the extraction process, we had to avoid the formation of stable 
oil-in-water emulsions, increase oil extraction yields, and reduce 
the enzyme cost as much as possible. 

The typical cotyledon cells of the de-hulled seed are 
about 59 μm in diameter and 66 μm long, and the oil bodies 
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range from 0.8 to 1.1μm in diameter. Physical comminution with 
dry grinding was used to disrupt the cell walls and reduce the 
size of the resulting particles so that there would be more surface 
area available for enzyme reaction. After one and two grindings, 
the average diameter of the particle size was 468.9 μm and 40.92 
μm, respectively. The corresponding free oil yield was 63.32 and 
84.71%, respectively. 

The effects that can be achieved by enzymatic hydrolysis are 
closely related to the composition of oilseed cells. The effect of 
various commercial enzymes (including protease, cellulase, and 
pectinase, and a multi-activity enzyme preparation) on a slurry 
of ground-up kernels in which the seed-to-water ratio was 1:4 
was further studied. The results are shown in Figure 1, page 599. 
Cellulase b, cellulose c, pectinase, cellulose d, and viscozyme L 
yielded the highest oil extraction, and the free oil yield was close 
to the total free oil yield. This means that there was almost no 
emulsion formation when these enzymes were used. So, it is com-
pletely feasible to develop an effective AEE process in a Camel-
lia oleifera kernels system without having to contend with stable 
emulsion formation. 

We investigated and evaluated the variables (namely, enzyme 
loading, reaction time, temperature, and pH) on the objective 

of maximizing total free oil yield and theasaponin recovery by 
response surface methodology. The optimal conditions for cel-
lulase c were an enzyme concentration of 1%, an initial pH of 4.0, 
a temperature at 43°C, and an incubation time of 2.7 h with con-
stant shaking. These optimal conditions yielded an 89% free oil 
yield and an 81% crude theasaponin recovery. 

Preliminary in vitro studies showed that the crude theasapo-
nin had inhibiting effects on Aspergillus flavus and Escherichia coli 
in 1.4 mg theasaponin/ml water. The composition of the crude 
theasaponins was in complete accord with the Chinese National 
Standard Feed Additive of Saccharicterpenin (a feed additive iso-
lated from Camellia oleifera), which means that the recovered by-
products could be used as a feed additive.

Some of the needs that trigger technological innovation in 
the oil extraction sector— such as cost savings, environmental 
and safety concerns, and nutrition issues—seem to be satisfied 
by successful development of aqueous enzyme-based processes.

Enzymatic extraction is likely to be a viable technology for 
extraction of some vegetable oils in the future, but further evalua-
tions of the processes with respect to water recycling, free oil yield 
improvements, systematic process engineering, and economics 
should be conducted before considering scaleup.  
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The Heilongjiang province, located in the northeast 
part of China, is the major production area for soybeans for 
the country; and most of the studies involving the EAEP of 
soy oil were conducted by researchers in this province. The 
maximum oil yield for the EAEP of soybean oil was 93.1% 

after demulsification of the cream (Li et al., 2010). In southern 
China, most of the EAEP oil studies were conducted on rape-
seed, since rapeseed oil is one of the main edible oils there. The 
highest rapeseed oil yield achieved was 73–76% when carbo-
hydrase hydrolysis was used as a pretreatment method (Zhang 
et al., 2007). EAEP has also been also conducted on nontradi-
tional oil crops in China, such as perilla seeds (Li et al. 2013), 
microalgae (Liang et al., 2012), and tea seeds (Zhang et al., 
2012). 

In addition to studying EAEP of oil from traditional and 
nontraditional oil crops, researchers in China are now consider-
ing ways in which EAEP can be used to achieve a balanced fatty 
acid profile, since the concept that oils with balanced fatty acids 
composition promote good health has been widely recognized 
by nutritionists and medical scientists. The Chinese Nutrition 
Society’s dietary reference intake (DRI) recommendation is a 
fatty acid ratio of 0.27:1:1 (saturated fatty acids/monounsatu-
rated fatty acids/polyunsaturated fatty acids) (Chinese Nutri-
tion Society, 2000)—an ideal that is impossible to achieve from 
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a single variety of oilseed with EAEP methods because no single 
variety of oilseed has a completely balanced ratio of fatty acids 
A balance can be achieved only by blending different types of 
oil. Yet, studies have been conducted to identify reliable extrac-
tion methods. A study carried out by Li et al. (2013) reported 
that oil with the ideal fatty acid composition (0.27:1:1) was suc-
cessfully extracted from a mixture of seeds (soybean, peanut, 
linseed, and tea seed) using EAEP methods. However, no other 
study about extracting oil with balanced fatty acid composition 
from seeds has been published to date. 

Despite the growing body of research on EAEP methods, 
the lack of pilot-scale studies limits their commercial applica-
bility. Such studies are urgently needed to develop the wide-
spread application of EAEP in China, as the edible oil industry 
is reluctant to adopt such methods without evidence that they 
will work on a commercial scale. 
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Extended surfactants have propylene 
oxide (PO) and/or ethylene oxide (EO) 
groups inserted between the alkyl tail and 
sulfate head group of the surfactant mol-
ecule (chemical structure shown in Fig. 1). 
The PO groups increase the surfactant inter-
action with the oil phase and the EO groups 
increase the surfactant interaction with the 
water phase, thereby increasing surface activ-
ity and reducing IFT. The surfactant interac-
tion at the oil-water interface is often tuned 
by varying the electrolyte concentration (i.e., 
sodium chloride). 

The electrolyte concentration at which 
the lowest IFT is obtained is defined as the 
optimum IFT* at the optimum salinity con-
centration (S*). Table 1 shows the IFT* 
for 0.15 wt% C10-18PO-2EONaSO4 solu-
tion with various vegetable oils. Ultralow 
IFT values were reached within 10 minutes, 
which is highly desirable for design of vege-
table oil extraction systems. In batch studies, 
extended-surfactant solutions extracted veg-
etable oils effectively (80–95% oil extraction 
efficiency) from a variety of oilseeds, includ-
ing corn germ, peanuts, canola seeds and palm 
kernels, at ambient temperature within 30–45 
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minutes, which is highly competitive with other extraction 
processes. Further, the surfactant solution still produced 
ultralow IFT even after the initial extraction process, allow-
ing the surfactant to be recycled with marginal makeup. 
Since it is an aqueous process, SAEP is especially attrac-
tive for extracting oil-bearing materials with high moisture 
content, such as algae. 

SAEP produces a free oil phase, an emulsion phase, an 
aqueous surfactant phase, and a solid meal phase. When testing 
the SAEP on peanut and canola seeds in a semicontinuous pilot-
scale study, the total oil extraction efficiency was similar to that of 
the batch studies (>90%), with the free oil phase being 85% and 
another 10% of the oil being in an emulsion phase. Even though 
the emulsion phase is much smaller than for other processes, 
recovery of oil in the emulsion phase could still be desirable. 

Ongoing research is evaluating use of lower PO number 
(<4) extended surfactants, which are petroleum based, in 
mixture with other biorenewable surfactants to improve the 
environmental profile of this process while still maintaining 
ultralow IFT values with vegetable oils. Finally, further scale-up 
studies should be carried out to study the commercial feasibility 
of the SAEP technology.
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Rao, K.V.S.A., et al., Council of Scientific & Industrial Research, 
US8383847, February 26, 2013

The present invention provides a process for the enrichment 
of methyl ricinoleate from castor oil methyl esters by liquid-liq-
uid extraction (LLE) in presence of refined vegetable oils using an 
aqueous polar solvent. The invention provides an extraction of methyl 
ricinoleate by a nondestructive extraction method with good yields 
(75–90%) and purity (95–99%). The method consists of mixing 
castor oil methyl esters in a refined normal vegetable oil (feed) in a 
suitable proportion and selective extraction of methyl ricinoleate in 
a nondestructive manner by LLE using a polar aqueous solvent, fol-
lowed by desolventization and drying of the solute to get an enriched 
methyl ricinoleate fraction with good yields. The nonhydroxy fatty 
acid methyl esters of castor oil methyl esters are retained in the vegeta-
ble oil and can be used for the preparation of biodiesel or oleochemi-
cals or reused in the process for the enrichment of methyl ricinoleate 
after removing the hydroxyl fatty acid either by distillation under 
reduced pressure or further by LLE using pure solvent. 

Buthe, A., et al., Toyota Motor Engineering & Manufacturing North 
America, Inc., US8394618, March 12, 2013

A substrate or coating is provided that includes a lipase with 
enzymatic activity toward a component of a fingerprint. Also a process 
for facilitating the removal of fingerprints is provided wherein an 
inventive substrate or coating including a lipase is capable of enzy-
matically degrading of one or more components of the fingerprint 
to facilitate fingerprint removal from the substrate or said coating. 
Applying heat to the substrate or coating increases the rate of finger-
print removal.
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Bakota1, E.L., et al., Eur. J. Lipid Sci. Tech. 115:847–857, 2013.
Rice bran oil is becoming increasingly popular as a func-

tional ingredient, due to its high stability and health benefits. 
We detail here a new solvent fractionation procedure for the 
production of a spreadable product derived from rice bran oil. 
Four different experimental conditions for fractionation yielded 
four statistically distinct populations. The spreads show distinc-
tive trends in their physical properties, thermal behavior, and 
rheology, based on incubation time. The rice bran oil-based 
spreads produced in this work consist primarily of rice bran oil 
but also contain rice bran wax, tocopherols, tocotrienols, and 
γ-oryzanol, as well as other sterols. Relative to rice bran oil, they 
are enriched in rice bran wax, saturated fatty acids, and sterols, 
all of which contribute to a more rigid rheological profile than 
that of rice bran oil. This solvent fractionation process may be 
used to develop rice bran oil-based spreads as functional ingre-
dients or products that may replace nut butters.

Shen, Q., et al., J. Agric. Food Chem. 61:7739–7748, 2013.
A matrix solid-phase dispersion (MSPD) procedure with 

titanium dioxide (TiO2) nanoparticles (NP) as sorbent was 
developed for the selective extraction of phospholipids from 
almond samples, and matrix-assisted laser desorption ioniza-
tion–time-of-flight mass spectrometry (MALDI-TOF/MS) 
was employed for analysis. A remarkable increase in the signals 
of phospholipid accompanied by a decrease in those of tria-
cylglycerols and diacylglycerols was observed in the relevant 
mass spectra. The proposed method was applied to five batches 
of almonds originating from four geographical areas, whereas 
principal component analysis (PCA) was utilized to normalize 
the relative amounts of the identified phospholipid species. The 
results indicated that the lipidomic fingerprint of almonds was 
successfully established by the negative ion mode spectrum, 
and the ratio of m/z 833.6 to 835.6 as well as m/z 821.6 could 
be introduced as potential markers for the differentiation of the 

tested almonds with different geographical origins. The whole 
method is of great promise for selective separation of phospho-
lipids from nonphospholipids, especially the glycerides, and 
superior in fast screening and characterization of phospholip-
ids in almond samples.

Sheppard , K.W., and C.L. Cheatham, Am. J. Clin. Nutr. 98:659–
667, 2013. 

Background: Biochemical and behavioral evidence has 
suggested that the ratio of n-6 (omega-6) to n-3 (omega-3) 
could be an important predictor of executive function abili-
ties in children. We determined the relation between the ratio 
of n-6 to n-3 and cognitive function in children. We hypoth-
esized that children with lower ratios of n-6 to n-3 fatty acids 
would perform better on tests of planning and working memory. 
Seventy 7- to 9-y-old children completed three 24-h diet recalls 
and a subset of the Cambridge Neuropsychological Test Assess-
ment Battery. Parents provided information on their demo-
graphics and children’s diet histories. Mean n-3 and mean n-6 
intakes were related to the mean time spent on each action taken 
in the planning problem. The ratio of n-6 to n-3 significantly 
predicted performance on the working memory and planning 
problems. There was a significant interaction between the ratio 
and fatty acid intake; when children had high ratios, a higher 
intake of n-3 fatty acids predicted a better performance on the 
planning task than when children had lower n-3 intakes. When 
children had low ratios, a lower intake of n-3 and lower intake 
of n-6 predicted better performance than when intakes were 
higher. The relation between cognitive abilities and the ratio of 
n-6 to n-3 may be mediated by an enzymatic affinity for n-3 fatty 
acids. The ratio of n-6 to n-3 should be considered an impor-
tant factor in the study of fatty acids and cognitive development. 
This trial was registered at clinicaltrials.gov as NCT01823419. 

Khoomrung, S., et al., Anal. Chem. 85:4912–4919, 2013.
We here present simple and rapid methods for fast screen-

ing of yeast lipids in Saccharomyces cerevisiae. First we intro-
duced a microwave-assisted technique for fast lipid extraction 
that allows the extraction of lipids within 10 min. The new 
method enhances extraction rate by 27 times, while maintain-
ing product yields comparable to conventional methods (n = 
14, P > 0.05). The recovery (n = 3) from spiking of synthetic 
standards were 92 ± 6% for cholesterol, 95 ± 4% for triacylg-
lycerol, and 92 ± 4% for free fatty acids. Additionally, the new 
extraction method combines cell disruption and extraction in 
one step; and the approach, therefore, not only greatly simplifies 
sample handling but also reduces analysis time and minimizes 



sample loss during sample preparation. Second, we developed 
a chromatographic separation that allowed separation of neutral 
and polar lipids from the extracted samples within a single run. 
The separation was performed based on a three-gradient solvent 
system combined with hydrophilic interaction liquid chroma-
tography-HPLC followed by detection using a charged aerosol 
detector. The method was shown to be highly reproducible in 
terms of retention time of the analytes (intraday, 0.002–0.034% 
RSD, n = 10, interday, 0.04–1.35% RSD, n = 5) and peak area 
(intraday, 0.63–6% RSD, n = 10, interday, 4–12% RSD, n = 5).

Wasta, Z., and S.A. Mjøs, J. Chromatogr. A 1299: 94–102, 2013.
Fatty acids in products claimed to contain oils with the 

omega-3 fatty acids eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA) were analyzed as fatty acid methyl 
esters by gas chromatography–mass spectrometry using elec-
tron impact ionization. To cover the variation in products on the 
market, the 20 products that were studied in detail were selected 
from a larger sample set by statistical methodology. The samples 
were analyzed on two different stationary phases (polyethylene 
glycol and cyanopropyl) and the fatty acid methyl esters were 
identified by methodology that combines the mass spectra and 
retention indices into a single score value. More than 100 fatty 
acids had a chromatographic area above 0.1% of the total, in at 
least one product. Retention indices are reported as equivalent 
chain lengths, and overlap patterns on the two columns are dis-
cussed. Both columns were found suitable for analysis of major 
and nutritionally important fatty acids, but the large number 
of minor compounds that may act as interferents will be prob-
lematic if low limits of quantification are required in analyses of 
similar sample types. A database of mass spectral libraries and 
equivalent chain lengths of the detected compounds has been 
compiled and is available online.

Tyburczy, C., et al., Anal. Bioanal. Chem. 405:5759–5772, 2013.
The adverse effects of dietary trans fat on biomarkers of 

chronic disease are well documented. Regulatory authorities 
in many countries have enacted legislation aimed at reduc-
ing trans fat content of their food supplies, either by requir-
ing trans fat labeling on pre-packaged foods or by limiting the 
amount of trans fat in oils used for food production. Increased 
use by the food industry of oils with a low trans fat content 
necessitates reevaluation of official methods used by the food 
industry and regulatory agencies for the determination of total 
trans fat. Attenuated total reflection–Fourier-transform infrared 

(ATR–FTIR) spectroscopy and gas chromatography with flame 
ionization detection (GC-FID) are two techniques used in offi-
cial methods approved by method-endorsing organizations, for 
example AOAC International and the American Oil Chem-
ists’ Society. Here, we review current official ATR–FTIR and 
GC-FID methods for determination of trans fat, with a focus 
on factors affecting quantification of low levels of trans fat. 
We include new data on method performance that have only 
recently become available and provide an overview of notable 
recent developments in lipid analysis (e.g., infrared spectros-
copy procedures, ionic-liquid GC columns, and multidimen-
sional chromatographic techniques) that have the potential to 
substantially improve the accuracy, sensitivity, and/or speed of 
trans fat determination.

Denis, I., et al., Ageing Res. Rev. 12:579–594, 2013.
The increasing life expectancy in the populations of rich 

countries raises the pressing question of how the elderly can 
maintain their cognitive function. Cognitive decline is charac-
terized by the loss of short-term memory due to a progressive 
impairment of the underlying brain cell processes. Age-related 
brain damage has many causes, some of which may be influ-
enced by diet. An optimal diet may therefore be a practical way 
of delaying the onset of age-related cognitive decline. Nutri-
tional investigations indicate that the omega-3 polyunsatu-
rated fatty acid (PUFA) content of Western diets is too low to 
provide the brain with an optimal supply of docosahexaenoic 
acid (DHA), the main omega-3 PUFA in cell membranes. Insuf-
ficient brain DHA has been associated with memory impair-
ment, emotional disturbances, and altered brain processes in 
rodents. Human studies suggest that an adequate dietary intake 
of omega-3 PUFA can slow the age-related cognitive decline and 
may also protect against the risk of senile dementia. However, 
despite the many studies in this domain, the beneficial impact of 
omega-3 PUFA on brain function has only recently been linked 
to specific mechanisms. This review examines the hypothesis 
that an optimal brain DHA status, conferred by an adequate 
omega-3 PUFA intake, limits age-related brain damage by opti-
mizing endogenous brain repair mechanisms. Our analysis of 
the abundant literature indicates that an adequate amount of 
DHA in the brain may limit the impact of stress, an important 
age-aggravating factor, and influences the neuronal and astro-
glial functions that govern and protect synaptic transmission. 
This transmission, particularly glutamatergic neurotransmission 
in the hippocampus, underlies memory formation. The brain 
DHA status also influences neurogenesis, nested in the hippo-
campus, which helps maintain cognitive function throughout 
life. Although there are still gaps in our knowledge of the way 
omega-3 PUFA act, the mechanistic studies reviewed here indi-
cate that omega-3 PUFA may be a promising tool for preventing 
age-related brain deterioration. 



Blatti, J.L., et al., Curr. Opin. Chem. Biol. 17:496–505, 2013.
Microalgae are a promising feedstock for biodiesel and 

other liquid fuels due to their fast growth rate, high lipid 
yields, and ability to grow in a broad range of environments. 
However, many microalgae achieve maximal lipid yields only 
under stress conditions hindering growth and providing com-
positions not ideal for biofuel applications. Metabolic engi-
neering of algal fatty acid biosynthesis promises to create 
strains capable of economically producing fungible and sus-
tainable biofuels. The algal fatty acid biosynthetic pathway has 
been deduced by homology to bacterial and plant systems, and 
much of our understanding is gleaned from basic studies in 
these systems. However, successful engineering of lipid metab-
olism in algae will necessitate a thorough characterization of 
the algal fatty acid synthase including protein–protein inter-
actions and regulation. This review describes recent efforts to 
engineer fatty acid biosynthesis toward optimizing microalgae 
as a biodiesel feedstock. 

Weiss, G.A., et al, Lipids Health Dis. 12: 89, 2013.
The fatty acid mixture of human milk is ideal for the 

newborn, but little is known about its composition in the first 
few weeks of lactation. Of special interest are the levels of long-
chain polyunsaturated fatty acids (LCPUFA), since these are 
essential for the newborn’s development. Additionally, the 
LCPUFA arachidonic acid (AA), eicosapentaenoic acid (EPA), 
and docosahexaenoic acid (DHA) are precursors for lipid medi-
ators that regulate inflammation. Methods: We determined the 

composition of 94 human milk samples from 30 mothers over 
the first month of lactation for fatty acids using gas chroma-
tography–mass spectrometry and quantified lipid mediators 
using high-performance liquid chromatography-tandem MS. 
Results: Over the four-week period, DHA levels decreased, 
while levels of γ C18:3 and α C18:3 steadily increased. Intrigu-
ingly, we found high concentrations of lipid mediators and their 
hydroxy fatty acid precursors in human milk, including pro-
inflammatory leukotriene B4 (LTB4) and anti-inflammatory 
and pro-resolving lipoxin A4 (LXA4), resolvin D1 (RvD1), and 
resolvin E1 (RvE1). Lipid mediator levels were stable with the 
exception of two direct precursors. Conclusions: Elevated levels 
of DHA right after birth might represent higher requirements 
of the newborn, and the high content of anti-inflammatory and 
pro-resolving lipid mediators and their precursors may indicate 
their role in neonatal immunity and may be one of the reasons 
for the advantage of human milk over infant formula.

Tam, V.C., et al., Cell 154:213–227, 2013.
Bioactive lipid mediators play a crucial role in the induc-

tion and resolution of inflammation. To elucidate their involve-
ment during influenza infection, liquid chromatography/
mass spectrometry lipidomic profiling of 141 lipid species 
was performed on a mouse influenza model using two viruses 
of significantly different pathogenicity. Infection by the low-
pathogenicity strain X31/H3N2 induced a proinflammatory 
response followed by a distinct anti-inflammatory response, 
infection by the high-pathogenicity strain PR8/H1N1 resulted 
in overlapping pro- and anti-inflammatory states. Integration of 
the large-scale lipid measurements with targeted gene expres-
sion data demonstrated that 5-lipoxygenase metabolites cor-
related with the pathogenic phase of the infection, whereas 
12/15-lipoxygenase metabolites were associated with the res-
olution phase. Hydroxylated linoleic acid, specifically, the ratio 
of 13- to 9-hydroxyoctadecadienoic acid, was identified as a 
potential biomarker for immune status during an active infec-
tion. Importantly, some of the findings from the animal model 
were recapitulated in studies of human nasopharyngeal lavages 
obtained during the 2009–2011 influenza seasons. 


