
  



The CTi Nano NeutralizationTM process
Unmatched in Performance and Environmentally friendly

Science behind Technology

Based on patented technology developed by CTi and exclusively brought to the oils and fats industry by Desmet Ballestra, 
the CTi Nano NeutralizationTM process offers enhanced performance for your refi ning operation : improved oil refi ning yield, 
lower operating expenses, reduced environmental impact, excellent oil quality…

This revolutionary new oil neutralization process, which can be easily added to existing oil refi neries, is commercially 
proven and will offer you a quick return on investment.

Process increases refi ned oil yield by over 0.2% with signifi cant chemical savings:• 90% less acid 
• 30% less caustic
• less silica, bleaching earth  or wash water consumption



MIDI, Inc.’s Sherlock® Software has been trusted for over 25 years to quickly and accurately 

identify fatty acids and is now expanding to include other industry-focused compounds 

from edible oils. Our proprietary software offers rapid automated analysis from GC or 

HPLC, saving time and costs while providing accurate results you can be sure of.

If you need to know simply, inexpensively, and right now — then you need to know MIDI.

www.midi-inc.com | oils@midi-inc.com | PH: 302-737-4297 | FX: 302-737-7781

Benefits of Sherlock Software:

• System Suitability Monitoring   

• Accurate & Automated Peak Naming    

• Repeatable and Reproducible Results  

• Automated Analysis of FAMEs, Sterols, 
TAGs, Tocols and Triterpenes

Contact MIDI at oils@midi-inc.com  
to learn more about our software and 

how you can start analyzing 

edible oils faster and easier 

than ever before. Don’t have 

the equipment? Use our 

service lab instead.

RT Response ECL Peak Name Percent mg/100g

5.003 9732 5.607 DELTA TOCOTRIENOL 3.62 3123

5.889 24707 6.639 BETA + GAMMA TOCOTRIENOL 9.18 8124

6.841 8443 7.761 ALPHA TOCOTRIENOL 3.14 2779

8.852 71163 10.240 DELTA TOCOPHEROL 26.45 23406

10.664 141152 12.274 BETA + GAMMA TOCOPHEROL 52.46 46423

12.775 13850 14.892 ALPHA TOCOPHEROL 5.15 4557

Total Response: 269048     Percent Named: 100.00% 

Palm Oil Supplement Analysis by Sherlock
Method: TOCOLS – HPLC Sample ID: PALM TOCOL COMPLEX  
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Next  
edition:  
Sherlock  
Olive Oil  
Analysis

Edible oil analysis just got easier.

@MIDI_Group MIDI Group
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engineering for a better world

GEA Mechanical Equipment

Innovative and efficient centrifugal technology from 
GEA Westfalia Separator Group for the utilization of 
renewable resources.

It s in Our Nature

GEA Westfalia Separator Group GmbH
Werner-Habig-Straße 1, 59302 Oelde, Germany 
Phone: +49 2522 77-0, Fax: +49 2522 77-1794 
ws.info@gea.com, www.gea.com
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SURFACTANTS
Anionics

• Sulphonation / Sulphation

• Vacuum Neutralization

• Drying

Non Ionics

• Ethoxylation / Propoxylation

• Alkanolamides

Amphoterics & Cationics

• Betaines

• Esterquats

• Aminoxides

DETERGENTS
Powder

 Spray Drying Tower process

•  NTD (non tower/

agglomeration) process

Liquids

•  Batch / Continuous

ORGANIC CHEMICALS
•  Linear Alkyl Benzene

• Ethyl Alcohol

• Starch & Yeast

• Fatty Amines

INORGANIC CHEMICALS
•  Sodium Silicate

•  Sulphuric Acid

•  Sodium & Potassium Sulphate

•  Zeolite

•  Sodium Tripolyphosphate

•  Single & triple 

Superphosphates

• Phosphoric Acid

• NPK

• PAC (Poly Aluminium 

Chloride)

Leading technologies for detergent, surfactant 

and chemical industries

Science behind Technology
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 All-purpose cleaners (APCs) contain relatively high 
amounts of surfactants—particularly nonionic surfactants. 
Th ese products are excellent at removing greasy soils but can 
leave visible residues behind after drying. This results in an 

unatt ractive streaky appearance and limits the type of surface 
on which these cleaners can be used. In addition, some APCs 
contain high levels of volatile organic compound (VOC) sol-
vents, such as glycol ethers and alcohols, which are becoming 
increasingly less desirable as regulations get tighter.  

At the other extreme are glass cleaners in which the main 
active ingredients are solvents and ammonia, with only trace 
amounts of surfactants. Such products cause signifi cantly less 
streaking but cannot remove tough grease, so they are only 
eff ective on lightly soiled surfaces. 

Multi-surface cleaners, which were introduced to fi ll the 
gap in performance between APCs and glass cleaners, tend to 
be similar to glass cleaners but with higher levels of so-called 
“low residue” surfactants like alkyl glucosides, amine oxides, 
and anionics.  Most products in this class represent a compro-
mise between cleaning and streaking and are not very eff ective 
at removing heavy duty grease.

Consequently, the challenge was to develop a surfactant-
based cleaner that combines excellent degreasing with very 
low-streaking, preferably without high levels of VOC solvents. 
However, it quickly became apparent that the desired cleaning 
performance on heavy duty soils could not be achieved with 
classic low residue surfactants. So, the problem was approached 
from the opposite direction: by investigating whether the high-
streaking of a good degreaser could be reduced by adding 
something else to the formulation.  An earlier study (“New 
Technologies in Surface Care,” Julia Wates, 101st AOCS Annual 
Meeting, Phoenix, May 2010) had shown that adding a disper-
sion of colloidal silica to a cleaner leaves behind a hydrophilic 
layer on the surface aft er drying. Th is made the surface easier to 
clean the next time, especially in the case of greasy soil. 

Th e breakthrough in the current project came when it was 
demonstrated that hydrophilic surface modifi cation by colloi-
dal silica can also reduce the appearance of streaking without 
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adversely affecting cleaning performance.  This is important 
because cleaning and streaking typically oppose each other, so 
a change in composition that improves one of these parameters 
is usually detrimental to the other.  Experiments in which clean-
ing, streaking, and formulation stability were simultaneously 
optimized demonstrated that a successful formulation needed 
at least two carefully selected surfactants plus the correct type 
of colloidal silica combined in the right ratios. A prototype low-
streak blend was developed that met those requirements.

The specific requirements for a low-streak degreaser exem-
plified by the prototype (WO 2012/080197: “Low-streak 
degreaser composition,” J. Wates, M. Dery, A. Slikta and O B. 
Ho) are that it must contain at least one nonionic surfactant 
having a critical packing parameter of >0.95, inorganic nanopar-
ticles such as colloidal silica, and a second surfactant having a 
critical packing parameter of <0.85.  

The critical packing parameter or CPP of a surfactant mol-
ecule is a number that indicates the relative sizes of the hydro-
philic head group and the hydrophobic tail.  The larger the head 
group is relative to the tail, the lower the CPP. CPP is important 
because it is an objective measure that can be used to distinguish 

between the primary nonionic surfactant (usually an alcohol 
ethoxylate), which is largely responsible for the degreasing per-
formance of a cleaner, and secondary or co-surfactants (such 
as alkyl glucosides, amine oxides, or amphoterics) that are not 
very effective degreasers on their own but provide other func-
tions in a formulation. There is a relationship between CPP and 
the  shape of a surfactant molecule which, in turn, determines 
how a surfactant self-assembles or forms aggregates in aqueous 
solutions and on surfaces. Table 1 summarizes the connection 
between CPP and the shapes of surfactant molecules and their 
aggregates.  Secondary or co-surfactant molecules that have 
low CPP values are shaped like cones or truncated cones, and 
they tend to form spherical or cylindrical micelles with the large 
head groups on the outside and the smaller tails on the inside. 
On the other hand, when the CPP is close to 1, as is the case 
for many alcohol ethoxylates, the cross sections of the head and 
tail are similar in size. This results in the individual molecules 
being cylindrical, and their aggregates are lamellar phases or 
planar bilayers.

Streaking is a dynamic process that occurs as water and 
other solvents in a cleaner evaporate from a treated surface and 
the surfactant concentration in the formulation gets higher and 
higher. Streaks are simply visible residues of surfactants and 
other ingredients that are left behind on a surface after the appli-
cation and drying of a cleaning product. Nonionic surfactants 
with high CPP values that form lamellar phases or other large 
aggregates at high concentrations are most likely to leave visible 
residues or streaks. In contrast, secondary surfactants with low 
CPP values that tend to form smaller aggregates are lower streak-
ing, suggesting that streaking can be reduced by controlling sur-
factant self-assembly on the surface.  The aggregation behavior of 
a single surfactant can be predicted by its CPP, but self-assembly 
of mixed surfactants will depend on the ratios and CPP values of 
all the components and may be quite different from that of any 
individual surfactant.  By combining surfactants with different 
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CPP values in the right way, it should be possible to manipulate 
the phase behavior of the mixed systems and minimize forma-
tion of lamellar regions at high surfactant concentration without 
sacrificing good degreasing performance in the dilute cleaner.

To determine whether this theory is valid in practice, an 
investigation was conducted into the mechanism of streaking 
for two dilute cleaning formulations.  The high-streak formula-
tion was a classic aqueous degreaser based on a primary non-
ionic surfactant with CPP ~1, while the second formulation 
was the low-streak prototype containing an optimized blend of 
nonionic and secondary surfactants with colloidal silica.  Both 
formulations were applied to various surfaces and allowed to 
dry. Their appearances were then compared with different tech-
niques.  Figure 1 (page 627) shows the two cleaners spread on 
glass mirror tiles and photographed in a light box against a black 
background.

When the high-streak formulation was viewed under a 
light microscope at low magnification, the streak appeared as 
a lane with spots in it.  A scanning electron microscope (SEM) 
image of the streak at 1000 x magnification (Figure 2) revealed 
that these spots are evenly spaced “blisters” having an average 
diameter of 2-5μm.  The structure of the blisters was studied 
in more detail with atomic force microscopy (AFM), a tech-
nique used to investigate the shape and features of surfaces at 
very small scales.  

Information is gathered by “feeling” the surface with a fine-
tipped cantilever that is deflected by surface forces in a manner 
that is analogous to a stylus moving over the grooves of a vinyl 
record.  In this way, a picture is built up of what the surface looks 
like.  Figure 3 shows an AFM image looking down at a single 

blister on an oxidized silicon wafer spin-coated with the high-
streak formulation.  The scale of the image is 5μm across, and 
the blister appears as a flat spot surrounded by empty space.  
Closer inspection shows that the blister is built up from layers 
of lamellar structures perpendicular to the treated surface. These 
are assumed to be surfactant, and this observation is consistent 
with the proposed mechanism for streaking.

A simple drying experiment was run using a rotary evapo-
rator to simulate what happens as the cleaner loses water and 
dries on a treated surface.  Phase separation was observed at 
~50% solids content and although the mixture remained fluid 
and pourable, the separation was irreversible and the mixture 
could not be diluted back with water to a single phase. This sug-
gests a mechanism for streaking in which phase separation upon 
drying results in the formation of multiple nucleation centers on 
the surface leading to the 2–5μm blisters with almost no material 
in between.  The blisters are large enough to scatter light, making 
them visible to the naked eye as streaks.

Moving next to the low-streak formulation, nothing was 
observed under the light microscope at low magnification 
where the cleaner was applied.  Even with the SEM at much 
higher magnification, the material appeared to be evenly dis-
tributed on the surface and there were no remarkable structures 
visible.  At the highest SEM magnification of 25K (Figure 4), a 
fine pattern emerged with darker regions that looked like holes 
where there was no material present. The AFM images for the 
low-streak formulation are consistent with this interpretation.  
Figure 5(a), page 630, has a scale of 5μm across and confirms 

CONTINUED ON PAGE 630
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that the surface is covered by sub-micron holes.  Figure 5(b) 
has a smaller scale of 1μm across and it shows that the holes 
are separated by material made up of rod-like structures with a 
repeat dimension of 10-20nm.  The most likely explanation for 
the generation of these structures is that the colloidal silica par-
ticles in the formulation interact with any remaining water in 
the surface film on drying, and are attracted by capillary forces 
into the gutters between the wormlike micelles that form at 
high surfactant concentration.  Consequently, the micelles are 
coated with silica and become more rigid and rod-like. In con-
trast with the behavior of the high-streak formulation, there are 
no “large” (micron-scale) structures present on the surface that 
can scatter light. 

The study was completed by running the drying experi-
ment for the low-streak formulation.  In this case, the evaporated 
material was highly viscous and not pourable which is consistent 
with the presence of wormlike micelles.  However, the mixture 
remained transparent and was easily diluted back to the origi-
nal water level, indicating that there was no phase separation.  
What this means is that the material forms an evenly distrib-
uted film on the surface as it dries; there are no structures large 
enough to scatter light and therefore no streaks.  Interestingly, 
when the silica is removed from the formulation, the behavior 
moves toward that of the high-streak formulation and there is 
some phase separation at very high solids content.  So, streak-
ing can be reduced by balancing the critical packing parame-
ters of the surfactants, but to obtain zero streaking the silica is 
needed to stabilize the wormlike mixed micelles formed during 

drying and prevent the system from eventually transitioning to 
a lamellar phase.  

The graph in Figure 6 compares streaking data for the pro-
totype low-streak blend formulated at different concentrations 
with commercial ready-to-use household cleaners applied to 
glass mirror tiles and photographed in a light box.  Average streak 
intensities were generated by image analysis. A low number indi-
cates low-streaking (anything below around 30 is invisible to 
the naked eye).  Only two commercial cleaners demonstrated 
less streaking than the low-streak prototype formulations. At 
the other extreme, an “all-purpose cleaner with orange action” 
was very streaky.

Although the main focus of this article has been on streak-
ing, the low-streak prototypes also had to meet stringent targets 
for degreasing performance.  Figure 7 shows the results of a non-
mechanical test in which the cleaners are poured onto a painted 
metal panel coated with mineral grease and rinsed with water. 

The prototype low-streak formulations were able to remove 
more than 90% of this very tenacious soil. The only commercial 
cleaner that gave comparable degreasing performance was the 
“all-purpose cleaner with orange action.” But, as previously dem-
onstrated, this cleaner was also the highest streaking product.  
Figure 8 (page 632) shows the performance of four formula-
tions in mechanical cleaning tests in which a greasy kitchen soil 
was baked onto stainless steel panels and removed with a four-
lane scrub tester. The commercial all-purpose and multi-surface 

CONTINUED ON PAGE 632
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cleaners performed quite well after 20 scrub cycles, while a glass 
cleaner barely removed any soil.  The prototype low-streak for-
mulation gave excellent soil removal under these test conditions.

Finally, it should be mentioned that although the reference 
products in this study were household cleaners, the same tech-
nology has been successfully used in industrial and institutional 
applications where a combination of excellent grease removal 

and low-streaking is required, such as in heavy-duty window 
cleaners for external use on buildings in high-traffic areas. 



Our strength lies in our 
foundation—be a part of it!

As the year draws to a close, and you start thinking 

about your year-end donations, we’d like to remind 

you of the impact made by your contributions to the 

AOCS Foundation.

The AOCS Foundation raises funds to support the 

development of new products and services for 

AOCS. Support from the Foundation is integral to the 

advancement and continued growth of AOCS, and 

donations from members such as you make all of this 

possible.  

We extend our greatest appreciation to everyone for 

their support over the past year, and hope you will 

consider including us in your fi nal 2014 contributions. 

To invest in the future of our Society, contact us today 

or donate online at www.aocsfoundation.org/donate.
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Welcome New Members

Harold Abaidoo-Ayin

Raznim Arni Abd Razak, Malaysian Palm 

Oil Board

Jeneen Abrams

Nada Abumrad

Pranav Adani, Adani Wilmar Ltd

Jayanti Adhikari, Ganesh Scientifi c Research 

Fdn

Jyotsana Adigopula, CSIR-Indian Institute 

of Chem Tech

Stephanie Adkins, Ultimate EOR Services

Heri Adriwan, Atma Jaya Univ

**Ag Processing Inc

Arun Agarwal

J. B. Agarwal, Ruchi Soya Industries Ltd

Tatsuo Aikawa, Tokyo Univ of Science & Tech

Nelson Akaighe, Sasol North America

Mary Akbari, Islamic Azad Univ

Shivraju Akula, Indian Institute For Chem 

Tech

Samson Oluwagbemiga Alayande, Obafemi 

Awolowo Univ

**Alfa Laval Inc

Dhia Alfekaiki, Univ of Basrah

Md. Sahadat Ali

Shadi Alizadeh, Oklahoma State Univ

Ramesh Allu, CSIR-Indian Institute of Chem 

Tech

Ferdinando Almeida, Novus International 

Inc

A. Hassan Amer, Damietta for Oil

Kumar Mishra Amit, Institute of Chemical 

Tech

Tim Anderson, Phenomenex

Karim Aouini

Graciela Arhancet, Novus International Inc

Cecilia Arnaud, Iowa State Univ

Elena Arranz Gutierrez, Univ of Guelph

Isaac Ashie, Nestle Purina

David Ashley, Milliken & Co

Dennis Ausborn, POET Research

Rita Awasthi, Brahmanand College

Buket Aydeniz, Canakkale 18th March Univ

Folahan O. Ayorinde, Howard Univ

Mohammad Babaei Roochi, IKI Univ

Scott Backer, Dow Chemical Co

Paula Bahr, Dupont Health & Nutrition

Morgan Bailey

Melissa Bainbridge, Univ of Vermont

Andre Bannwart, DuPont

Daniel Barrera-Arellano, DTA FEA UNICAMP

Ditte Baun Larsen, DTU Food, National 

Food Inst

Jeremiah Bear, Dallas Group

Veronica Bedoya

Thomas Begley, Valicor

Hamza Ben Amara

Olivier Berdeaux, INRA-UMR-CSGA

Alvin Berger, Nutrition and Lipid Consulting

Melissa Bernardo, American Cleaning Inst

David Berthiaume, OLEOTEK Inc

Ruben D. Betancourt Cortes, Team Foods SA

Yogesh Bhoge

Gandhar Sunil Bhole, Institute of Chemical 

Tech

Payal Radheshyam Bhutada, Institute of 

Chemical Tech

Pratiksha Madhukar Biranje, Institute of 

Chemical Tech

Lee Don Bienski, Blinn College

John Billman, DuPont Industrial Biosciences

Kenneth Blanchard, Arkema Inc

Jane Blasser, Air Products& Chemicals Inc

Thomas Blocher, Buss ChemTech AG

Paul D. Bloom, Archer Daniels Midland Co

Dieter Boeckh, BASF SE

Carlos Bolio, Proteinas Y Oleicos SA de CV

Marc Bollier, DuPont

Nikhil Sunil Bondar, Institute of Chemical 

Tech

Vincent Bossert, Weylchem Switzerland AG

Neura Bragagnolo, UNICAMP

Micki Brain, Church & Dwight Co Inc

Laura Brandt, Church & Dwight Co Inc

Coleman Braxton, DSM Nutritional Products

Danny M. Brown, Land O’Lakes

Marcel C. Bruggeman, Nofalab BV

Joe Bryan, BBI International

Phil Bureman, Nalco, An Ecolab Co

Craig Busbea, Ergon Inc

**Buss ChemTech AG

Alex Byelashov

Kristian Caldo, Univ of Alberta

Paula Cameron

Ryan Cameron, Sun Products Corp

Alejandrina Campanella, Dixie Chemical

Wayne W. Campbell, Purdue Univ

**Canola Council of Canada

Jacqueline Cardona, Compania General De 

Servicios SA De CV

**Carribex SA

Gustavo A. Cascante Molina, Lloreda SA

Jeff  Casper, Cargill Inc

Carlos Castro, Marshfi eld Food Safety LLC

Jaime Castro, Desmet Ballestra North 

America Inc

Sherry Caudle, Oxiteno USA LLC

Ross Caulfi eld, Olam Food Ingredients 

UK Ltd

Stacy Cazeneuve

Yael Cegla Nemirovsky, Hebrew Univ of 

Jerusalem

Merve Celikkol, Yildiz Technical Univ

Carl-Henri Cenafi ls, Carribex SA

Alberto Cepa Contreras, Cepsa Quimica SA

Steven C. Cermak, USDA ARS NCAUR

Milan Certik, Slovak Technical Univ

Dasagrandhi Chakradhar, Kyungpook 

National Univ

Virittamulla Chamupathi, Shell Tech Center 

Houston

Lin Faun Chang, Univ of Malaya

Sholeh Chatraei, Cargill Inc

Yogesh Suryakant Chaudhari, Institute of 

Chemical Tech

Mitchell Cheeseman, Steptoe & Johnson 

LLP

Jeremy Chen, Ventura Foods LLC

Nakyung Choi, Korea Univ

George Choong, Johnson Matthey Inc

Anupam Choudhary, Nirmal Industries Ltd

Michelle N. Chretien, Xerox Corp

Rajeev Churi, Sarbi Petroleum & Chemicals 

Ltd

Tori Clausen, Green Plains Central City LLC

Roger Clemens, Univ of Southern California

Thomas Clemente, Univ of Nebraska

Mary Close, Unilever

Kirsten Cluver, Church & Dwight Co Inc

Michelle Coluccio, CONNOils LLC

Alexandra Connell, Solazyme Inc

Brian Connolly, Aurora Algae Inc

Brian Cook, Teledyne CETAC Technologies

Jaquay Cook, DSM Nutritional Products

Marisol Cordova Barragan, UASLP

Stephen Cork, Riverina Oils

Andy Corr, Elevance Renewable Sciences

Betty Cotton, American Blanching Co P2

**Covance Inc

Radu Craciun, BASF Corp

Art Creason, Creason Corrugating Co

Richard Crowell, Solix Biosystems Inc

Terry Crutcher, Ashland Specialty 

Ingredients

Tatiana Cuervo

Adrian Cunial

Christopher Cypcar, Lubrizol Advanced 

Materials Inc

Thais L. T. da Silva, UNICAMP

Marianne Linde Damstrup, Novozymes AS

P. Rao Darapureddi, CSIR-Indian Institute of 

Chem Tech

Gustavo Das Gracas Pereira

Ranjana Das Mondal, Jadavpur Univ

Kriti Ashok Datir, Institute of Chemical Tech

Maya Davidovich-Pinhas, Univ of Guelph

Rhet Joseph de Guzman, Wayne State Univ

Dru De Laet

Fabien De Meester

Bruno De Meulenae, Ghent Univ

Erik de Vries, Purolite

Vasilis Demopoulos, Kalamata Olive Oil 

Taste Laboratory

Ganesh Shankarrao Devsarkar, Institute of 

Chemical Tech

Pubali Dhar, Univ of Kolkata

Dean Dinair, LUM Corp

Fabiola Dionisi, Nestec Research Center

Kouassi Dje, USDA

David Dotzauer, Ecolab Inc

Richard Douglas, PMK Associates Inc

Michael Dreja, Henkel AG & Co KGaA

Michael Driver

**DSM

Jean-Luc Dubois, Arkema France

Kathleen Duggan, DSM Nutritional Products

Mike Dutelle, Novozymes North America Inc

Peter Dyer, Callaghan Innovation

 Binu Eapen, AarhusKarlshamn USA

Manato Ebina, House Foods Group Inc

Holly Edwards, Omega Protein

Klaus-Peter Eickhoff , GEA Westfalia 

Separator Group GmbH

N. Ekbatani, Mazandaran Univ

Michael T. Elder, Novozymes North America 

Inc

Kester Emefi ena

Onyinye Ezeh, Univ of Reading

Syed Mohd. Fadly, Premium Vegetable Oils 

Sdn Bhd

Mia Falkeborg, Aarhus Univ

Lei Fang, Iowa State Univ

Akhlaq Farooqui, Ohio State Univ

Fengqin Feng, Zhejiang Univ

Gilles Feron, INRA-CSGA

Lisa Fickenscher, Cargill Inc

Emily Finch, Penn State Univ

Karla Finkenthal, MK Ottens

Stephan Flessa, Cargill GmbH

Reyna Janin Flores Ruedas, UASLP

Louie Flowers

William Folk, Univ of Missouri

Gledison Fonseca, BASF SE

Marie Fontanet

Russell Ford, Phillips 66 Co

Dhan Lord Fortela, Univ of Louisiana

Larry Fosdick, POET LLC

Kenji Fukunaga, Kansai Univ

Chi Ho Fung, UNSW

Ashish Dashrath Gadhave, Institute of 

Chemical Tech

Sophie Gallier, Danone Nutricia Research

Kamal Gandhi

Leticia Yasmin Garcia, Bachoco Bajio

AOCS is proud to welcome our newest members*.
*New and reinstated members joined from January 1, 2014 through September 24, 2014.



All members contribute to the
success of the Society while

furthering their professional goals.

Rita Garcia, Univ of Campinas

David Garci-Aguirre, Corto Olive Co

Greg Gardner, Mesa Processing Inc

Mark Garman, C A Picard

David Garnett, Pathway Intermediates Ltd

Kiran Gawas, Halliburton Energy Services

Wulan Gerile, Acme-Hardesty

David Germack, CESI Chemical

Mohammad Ghebleh, Iranian Vegetable Oil 

Industry Assn

Mahua Ghosh, Univ of Kolkata

Paul Giammatteo, Process NMR Associates

Linda Gilbert, EcoFocus Worldwide

Brian Gilchrist, Eurofi ns Scientifi c Inc

Grace Giles

Robert Girard

Emily Glenn

Rupesh Naringrao Golewar, Institute of 

Chemical Tech

Andre Gomes, Church & Dwight Co Inc

Sherwinn Gomez Gonzalez, Lloreda SA

Adrian R. Gomez, Nidera SA

Lireny Goncalves, UNICAMP

Yi Gong

Juan Gonzalez

Hyungseo Goo, Aekyung Industrial Co Ltd

Ankit Goyal, National Dairy Research Inst

Nicole Green, Ryerson Univ

Rick Green, POS Bio-Sciences

Terry Green, Novozymes North America Inc

Mike Greenwood, QUALISOY

Patrick Griffi  th, Filtration Consultants, LLC

Angel Grillo

Ben Gu

Dora Amelia Guerrero Quiroga, Universidad 

Juarez Autonoma de Tabasco

Swapnil Krushnakant Gujar, Institute of 

Chemical Tech

Derek A. Gum, Stratas Foods LLC

Rong Guo, Bayer CropScience

Cristhiam Gurdian

John S. Guymon, Archer Daniels Midland Co

Hussain Habeeb

Erik D. Hagestuen, Cargill Inc

Gene Hall

Jonathan Halter, Solazyme Inc

Ademola Monsur Hammed, International 

Islamic Univ Malaysia

Josh Hamon

Ajay Harit, CPEE Pondicherry Univ

Harri Harma, Univ of Turku

Patrick Harrington, Crown Iron Works Co

Barbara Harten, GEA Westfalia Separator 

Group GmbH

Jason Hartman, Mendota Agri-Products

Kenneth T. Hartman, Pope Research & 

Consulting

Ryo Hashimoto, Lion Corp

Mohamed F. R. Hassanien, Zagazig Univ

Vinod Hatkar, North Maharashtra Univ

Maria Hayes, Teagasc Food Research Ctr

Olivia Hays, Archer Daniels Midland Co

Brett Healey, Church & Dwight Co Inc

Donald Hearl, J Rettenmaier USA

Jerald D. Heise, Monsanto Co

Hendrik Hellmuth, Henkel Ag & Co KGaA

Bralie Hendon, Texas Tech Univ

Fidencio Hernandez

Mark K. Hill, Abbott Nutrition

Cassandra E. Hillen, North Dakota State 

Univ

Gary L. Hipps, J G Boswell Co

Yoshihiko Hirata, Saraya Co Ltd

Nancy Hirdt, PepsiCo

Jeppe Hjorth, AAK AB

Kacie Ho

Wendy Hobbie

Rebecca Hobden, Viesel Fuel LLC

Takeshi Honma, Nisshin OilliO Group Co

Bharat Chandrakant Honmane, Institute of 

Chemical Tech

Peter Hsieh, National Energy Technology 

Laboratory

Louise D. Huebschman, Kelloggs North 

America Co

Peter Hug, Afton Chemical Corp

Glenna Hughes, DuPont Nutrition & Health

Ju Hui, COFCO

Mark Hunter, Richardson Oilseed Ltd

Evander Husin

Jahangir Hussain

Saira Hussain

Chung Hyun, Access Business Group 

(Amway)

Park Hyun-Mi, Kyungpook National Univ

Abul Bashar M. Ibrahim, Afi a International 

Co

Raquel Ibsch, Bunge Brazil

Luis Idrobo, Acme-Hardesty

Kazuki Igarashi, J-Oil Mills Inc

Ukachi Igbo, Federal Inst of Industrial Res 

Oshodi

Abbas Inamdar

Shahid Iqbal

Yuki Ishizaka, J-Oil Mills Inc

Yugo Iwasaki, Nagoya Univ

Daniel Jackson, Univ of Georgia

Harsh Bhaskar Jadhav, Institute of Chemical 

Tech

Jagruti Vijay Jadhav, Institute of Chemical 

Tech

Pratik Jadhav

Aniqua Jafri, Texas Womans Univ

Ashok Jain, Vibrandt Profect Consultants 

(P) Ltd

Ram Chandra Reddy Jala, Indian Institute 

of Chem Tech

Swatejraja Jalinder Dhage, Institute of 

Chemical Tech

Kenneth Janes, DSM Nutritional Products

Nimal Jayasuriya, Cytec Industries Inc

Scott Jaynes, Croda Inc

Heather Jennings

Allan K. Jensen, Foss

Zhenju Jiang, Guangzhou Bluemoon 

Industrial Co Ltd

Cheng Jin, Zhejiang Univ

Florent Joff re

David Johnson, Univ of Massachusetts, 

Amherst

Lee Roy Johnson

Gerald Jones

Biren Joshi, Stiefel Laboratories Inc

Michelle P. Judge, Univ of Connecticut

Tetsuro Kaieda

Shiva Shankar Kaki, CSIR-Indian Institute of 

Chem Tech

Vijay Kale, CSIR-Indian Institute For Chem 

Tech

Henry T. Kalinoski, L’Oreal USA

Swetha Kambalapally, Advanced 

Bionutrition Corp.

Sivaruby Kanagaratnam, Malaysian Palm 

Oil Board

Sachin Kanawade, SVIT Engineering College

Burcu Karakuzu, Yildiz Technical Univ

Mallapalli Karuna, CSIR-Indian Institute of 

Chem Tech

Tsutomu Katagiri, Japan Soap & Detergent 

Assn

Takeshi Kawai, Tokyo Univ of Science

Rita Kazmi, Nutegrity

Fang Kean

Robert Keane, IOI Loders Croklaan

Andrea Keenan, Dow Chemical Co

Shivangi Kelkar, Lambent Technologies

Dale Kelly, POS Bio-Sciences

Koga Kenjiro, Hokuriku Univ

Season Kerns, Prairie Horizon Agri-Energy

Mohd. Tosif Khan

Eleonore Kibrik, Bruker BioSpin Corp

Janel Kieff er, Ecolab Inc

Hiroshi Kikukawa, Kyoto Univ

Yvonne Killeen, Ecolab Inc

Ah-Young Kim, Aekyung

Hak-Ryul Kim, Kyungpook National Univ

Jae Hee Kim, Univ of Saskatchewan

Jeongeun Kim

Soo Hyun Kim, SK Chemicals

Hiroichi Kimata, Nisshin OilliO Group Ltd

C. Clay King, Doc Hale Food Ingredients

David King, Alfa Laval Inc

Timothy King, Shell Global Solutions Inc

Arend J. Kingma

Sumit Kiran, Nalco Champion

Katie A. Kline, Verenium Corp

Bill Kling, DuPont Co

Yutaro Kobayashi, Kyushu Univ

Sara Kobbelgaard

David Kofi nk, Vi-Jon Inc

Satoshi Koizumi

Jennifer Komaiko, Univ of Massachusetts, 

Amherst

Swathi Konderu, CSIR-Indian Institute of 

Chem Tech

Yukishige Kondo, Tokyo Univ of Science

William Koucky, Grand Traverse Culinary 

Oils LLC

Kazuo Koyama, House Foods Corp

Juergen Krahl, Coburg Univ of Applied 

Sciences

Monika Kulak, Univ of Guelph

Ann Kulinkina

Ashwani Kumar Sharma, Pegasus 

Technologies

Sushil Kumar Solanki, Ajanta Soya Ltd

Prabhat Kumar, GEA Westfalia Seperator 

India

Fred Kummerow

Oh-Jea Kwon, Oh Sung Chemical Ind Co

Russell Laclair, Covance Laboratories

Esther Lansdaal

Angelo Lauwaerts, Taminco BVBA

Gideon Lawer-Yolar

Joan Le Hew

David Leaver

Jerome Lecomte, CIRAD UMR IATE

Alice Lee, Yuen Foong Yu Consumer 

Products Co Ltd

Burney Lee, Shell Global Solutions Inc

Kyung Su Lee, Nongshim

Miran Lee, K Chemicals

Wei Ju Lee, National Taiwan Univ

Mari Lehtonen, Univ of Helsinki

Dirk Leinweber, Clariant Corp

Nathan Lett, Flotek Industries

Julia Li, Mars Chocolate North America

Xudong Li, Myande Group Co Ltd

Yang Li, College Of Food Science

C. N. Liao, Johnson & Johnson

Mary Lim, LV Lomas Ltd

Nienke Lindeboom, POS Bio-Sciences

Ryan Littich, Elevance Renewable Sciences

Lingyi Liu, Zhejiang Univ

Ron Lloyd, Novozymes North America Inc

Amanda Logue, BASF Corp

Erwin London, Stony Brook Univ

Derald S Loomis, Ag Processing Inc

Yulin Lu, Solazyme Inc

Marianne Lund

Sanjay Luthra, Dabur India Ltd

New Members • Page 2 of 4
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Welcome New Members
Ayana Machen

Braulio Macias Rodriguez, Univ of Guelph

Bruce Mackay, Schlumberger

Dan Madgwick

Sree Rama Murdy Madugula, CSIR-Indian 

Institute of Chem Tech

Randy Maglinao, Montana State Univ, 

Northern

Ashok Mahindru, Advance Surfactants 

India Ltd

Michael J. Mahon, IOI Loders Croklaan

Shailesh Majmudar, Cytec Industries Inc

Akao Makoto, Nihon Univ

Swapnil Harishchandra Mane, Institute of 

Chemical Tech

Vijaykumar M. Mannari, Eastern Michigan 

Univ

Thiruvalluvan Manonmani

Lilian Mariutti

Lars Martens, Deutsche Cargill GmbH

Alfonso Martinez V.

Nicholas Martyak, Taminco

Maria Cristina Mascarenhas

Zarani Mat Taher, Univ Of Nottingham

Joan Mathias Becker, Lanagro-Rs

Dwijendra Mathur, Farelabs Pvt Ltd

Tadas Matijosius

Yusaku Matsumoto, Fukushima Univ

Ben Mauch, KFI Engineers

Sarah Mayfi eld

Carl McBurney, Univ of Wisconsin, Madison

Alex McCurdy

Owen McGhee, Pitco Frialator

Jeremiah McMahon

Clayton McNeff , SarTec Corp

Dulcinea Mendoza, La Nogalera

John L. Mestayer

Rohan Suresh Mestri, Institute of Chemical 

Tech

Merve Metin, Yildiz Technical Univ

Holly Mezera, BIO-CAT Inc

Michael S. Miguez, Shell Global Solutions 

Inc

Nana Mikami, Sapporo Medical Univ

Ashley Mikolajczyk

Matthew Miller

Peter Miller, BASF Corp

Rebecca L. Miller, BASF Corp

Joe Millward, Univ of Surrey

Salma Mir, SIR-Indian Institute of Chem 

Tech

Sneha Mishra, Farelabs Pvt Ltd

Mitsuo Miyazawa, Kinki Univ

Shuen Yeing Mo

Zen Mogri, Shell Chemicals

Siti Maslina Mohamad Alwi

Katrina Mohamad Khidzir

Rizwan Kareemi Mohammed

Mohd Firdaus Mohd, Yusoff 

Eoin Moloney, Richardson Oilseed

Mithun Gopal Mondal, Institute of Chemical 

Tech

John Monks, Rivertop Renewables

Kevin Montgomery, Process Plus LLC

Snehal Baban More, Institute of Chemical 

Tech

Michael Morgan

Trevor Morgan

Atsunori Morigaki, Lion Corp

Ryota Motooka

Edward Mubiru, Ghent Univ

Linda Muenger, ETH Zuerich

Thorsten Muenker, SIWACO GmbH

Sayani Mukherjee, Univ of Calcutta

Dove E. Mullins, Hormel Foods LLC

Edmund Mupondwa, Agric & Agri-Food 

Canada

Nayma Murillo Hernandez, UASLP

**Myande Group

Prasad Manohar Nabar, Fine Organics

Farzaneh Nabati, Iran Univ

Vaughn M. Nace, Champion Technologies

Satoshi Nagaoka, Gifu Univ

Ashwini Naganthran

Gowri Nagapan, Malaysian Palm Oil Board

Shigeo Nakajima, Tsuno Foods

Soichiro Nakamura, Shinshu Univ

Jose Gustavo Napolitano, GrainSolutions

Lisa Napolitano, Sun Products Corp

Ramanuj Narayan, CSIR-Indian Institute of 

Chem Tech

Sanja Natali, Halliburton

Shankara Navatha, CSIR-Indian Institute of 

Chem Tech

Satya Narain Nayak, IIT Delhi

Cristina Ng

Duy Nguyen, Nalco Champion

Les Nichols, Univ of Texas, Austin

Michael Nickerson, Univ of Saskatchewan

Robert Nolles, Cosun Biobased Products

Luke Novak, IOI Loders Croklaan

Naoto Numano, Sakamoto Yakuhin Kogyo 

Co Ltd

Emiko Okamura, Himeji Dokkyo Univ

Heather O’Keefe, Novozymes North America 

Inc

Ikenna Okeke, Univ of Georgia

Brittany Overfi eld, CSM Baking

Naresh Pachauri, Sanimax Energy

Anita M. Pacheco, Novozymes North 

America Inc

Christine Packard

Yuanjie Pan

Phani Kumar Pandari, Indian Institute of 

Chem Tech

Donyaporn Panswad, Ramkhamhaeng Univ

Geoff rey Pasciak, Evonik Corp

Josipa Paska, FOCI

Pat Passmore, American Blanching Co

Neil Patel, Nutegrity

Pankaj Patial, Guru Nanak Dev Univ

Pranit Balasaheb Patil, Institute of Chemical 

Tech

Rakhi Suresh Patil, Institute of Chemical 

Tech

Virendra Patil

Debjyoti Paul

Michael Paul, BASF Corp

Paul Paulsen, DuPont Nutrition & Health

Stefan Pecoroni, GEA Westfalia Separator 

Group GmbH

Richard Pederson, Materia Inc

Jim Pell, Amway Corp

Javier Peralta, Industrializadora Oleofi nos 

SA De CV

Alexandra Perez, YUM Brands Inc

Christopher R. Perez, Texas A&M Univ, 

Corpus Christi

Joseph M. Perez, Pennsylvania State Univ

Pavlos N. Pettas, Pavlos N Pettas SA

Tri Thanh Phan, Nalco Champion

Siew Theng Pheng, PT Musim Mas

Gabriel Pierre, Nidera SA

Raymond Pieternella, Air Products

Anne Pihlanto

Albert Plummer, Seprod Ltd

**POET LLC

Prashant Pokhrel, Washington State Univ

Amir Polak

Ron Polzin, Cargill Inc

Mahesha M Poojary, Univ of Camerino

Filip Poulsen, Foss

Krista Power, Agric & Agri-Food Canada

Pradosh Prasad Chakrabarty, CSIR-Indian 

Institute of Chem Tech

Karna Narayan Prasanna Rani, Indian 

Institute of Chem Tech

Lori A. Pretzer, Shell Global Solustions 

US Inc

William Prevatt

Stanislaw Ptasznik, Inst of Agric & Food 

BioTechechnology

Luciano Pupp, AAK

Andres J. Puppato, Dallas Group of America

Phoebe Qi, USDA ARS ERRC

Chaoying Qiu

Md Quamruzzaman, Sher-e-Bangla 

Agricultural Univ

Birgitte Raagaard Thomsen, DTU Food, 

National Food Inst

Richard W. Rahn

Jose Rainuzzo, Tecnologica De Alimentos SA

Rati Rajan Nayak, CSIR-Indian Institute For 

Chem Tech

K. V. S. N. Raju, CSIR-Indian Institute of 

Chem Tech

Wahyu Ramadhan

Dayra Ramirez, Ragasa

Norberto Orlando Ramirez Gomez

Marie Sannes Ramsvik, Olympic Seafood

B. V. S. K. Rao, CSIR-Indian Institute of 

Chemical Tech

Stanley Rapoport, National Inst of Health

Renu Rastogi, Brahmanand College

Abdul Rauf, AMU Aligarh

Kent D. Rausch, Univ of Illinois

Shashank Ravi, Iowa State Univ

Kanubaddi Reddy, CSIR-Indian Institute of 

Chem Tech

Greg Reed, American College of Nutrition

Robert M. Reeves, QUALISOY

Flynn Regan, DSM Nutritional Products

Kristof R. Reiter, Reiter Scientifi c Consulting

Kangzi Ren, Iowa State Univ

Consuelo Renteria, Chevreul Dumas de 

Mexico SA de CV

Meyar Retnowati

Emmanuel D. Revellame, Univ of Louisiana, 

Lafayette

Carmen Reznik, Shell Global Solutions Inc

Lauren Richardson, Univ of Tennessee

Miroslav Richter, Peter Cremer Central 

Europe sro

Daryl Rieke, C A Picard

Salvador Rios

Carol Roach

Michael Robbins, Arkema Inc

Richard Robbins, Colorado Mills LLC

Art Roberson, DuPont Industrial Biosciences

Jessica Rocha

Julio Rocha

Mario Rojas, Nalco

James J. Rolek, Bunge Oils Inc

Witchaya Rongsayamanont, Chulalongkorn 

Univ

Scott E. Rose, Bunge Canada

S. K. Roy, OTAI

Cliff ord Rutt, Synthetic Genomics

Chris Rynd, Vi-Jon

Amir Hossein Saberi, Univ of Massachusetts, 

Amherst

Hamed Safafar, Technical Univ of Denmark

Tomas Salvador, ARKEMA Inc.

Walter Samaniego, Bruker BioSpin Corp

Ebony Sampson

Mayra Sanchez, Univ Autonoma San Luis 

Potosi

Kirsten Sanderford

Gundabathini Sandhya Rai, CSIR-Indian 

Institute of Chem Tech

Krishnaswamy Saravanan, CSIR-Indian 

Institute of Chem Tech

Md. Zaidul Sarker, International Islamic 

Univ Malaysia
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Ryotaro Sato, Fuji Oil Co Ltd

Rudimar Schaefer, Incobrasa Industries Ltd

Aline Schaer, ETH Zuerich

Hubert Schaller, Inst De Biologie 

Moleculaire Des Plantes

Karina Scheren

Raymond Schill, Dow Chemical

Jeff  Schmalz, Soy 20/20

Stefan Schmidt, Slovak Technical Univ

Cynthia M. Scott, Happy’s Potato Chip

Jeff rey Scott, FEC North America

Sam Scott, DuPont Nutrition & Health

Jean-Louis Sebedio, INRA

Claudia Sedath, IOI Loders Croklaan

Brian Sehested

Surashree Sen Gupta, Univ of Kolkata

Katrina Serrano, PMK Associates Inc

Lourdes Liliana Serrato, Univ Autonoma San 

Luis Potosi

Attia Bassouni Shaaban, Sila Edible Oil Co

Karana Shah

Niraj Shah, Aarhus Univ

Akshay Purushottam Shahane, Institute of 

Chemical Tech

Anil Sharma, Haldia Petrochemicals

Himanshu Sharma, Univ of Texas, Austin

Umesh Chandra Sharma, UIET, CSJM Univ

Chandra Shekhar Joshi, Farelabs Pvt Ltd

Zhongqi Shen, Croda Inc

Deepti Shikha, Brahmanand College

Masao Shimizu, Kao Corp

Akira Shimotoyodome, Kao Corp

Bungo Shirouchi, Kyushu Univ

Stefan Siegfried, Caldic USA

Rajinder Pal Singh, HBTI Kanpur

Subhash Chand Singhal, Shri Niwasji Oil 

Refi ners Pvt Ltd

Mohd. Dona Bin Sintang, Univ of Ghent

Krishier Sivaraman Parsuram

Lindsay Smith, DSM Nutritional Products

Michael Smith, Riceland Foods Inc

Magdalena Sobieska-Pietrzak, GC Rieber 

Omega-3 Concentrates AS

Lindsay Soh, Lafayette College

Rohit Sonthalia, Univ of Toronto

Edward Sorensen

Oliver Spangenberg, BASF SE

Melvin Spaulding, Central States Enterprises

Glenn Sprenger, Solix Biosystems Inc

Molly Sproston, Univ of Georgia

Madhumanchi Sreenu, Indian Institute For 

Chem Tech

Rajesh Kumar Srivastava, HBTI Kanpur

Kevin Stecca, DuPont Pioneer

Kenneth Stensrud, Archer Daniels Midland 

Co

Aysun Stenvik, Ana Gida Ihtiyac Mad San 

Tic AS

David Stewart, Loughborough Univ

Lynn Stone, Riceland Foods Inc

Ryan Streit, Grain States Biofuels

Daisuke Sugimori, Fukushima Univ

Badamkhand Sukhbaatar, Mississippi State 

Univ

Kalyana Sundram, Malaysian Palm Oil 

Council

Torley Surihu, Univ of Pittsburgh

Erin Surratt

Fumikazu Takahashi, Kao Corp

Koretaro Takahashi, Hokkaido Univ

Boon Seng Tan, PT Musim Mas

Zaldy Tan

Keisuke Tanaka, Nikkol Group Cosmos Tech 

Ctr Co

Yukari Tanimoto, Kaneka Americas

Rachel Tanti, Univ of Guelph

Aaron Taylor, Biodiagnostics Inc

Chris Taylor

Leslie R. Taylor, Loders Croklaan

Trey Teall, Biodico Sustainable Biorefi neries

Sue-Siang Teh, Univ Of Otago, Dunedin

Megan Terp, Abbott Nutrition

Allister Theobald

Rod Thistlethwaite, Maloney Commodity 

Services

Abraham Thomas, Areej Vegetable Oils & 

Derivatives SAOG

Crista D Thomas, Texas Tech Univ

Andrew Thompson, Aurora Algae Inc

Majbritt Thymark, Novozymes AS

Abraham Tibebu, Genencor International 

Inc

Rohan Tikekar

Soon Huat Tiong, Sime Darby Tech Centre

Kazuya Toho, Kao Corporation

Xenia Tombokan, Bruker Corp

Moises Torres

Lourival Trimer, Jr, Cargill Agricola SA

Meenakshi Tripathi, Farelabs Pvt Ltd

Rakesh Kumar Trivedi, HBTI Kanpur

Tetiana Tseona, Intertek Sunwest

Ilkay Turhan, Yildiz Technical Univ

Innocent Ukabam, Genencor International 

Inc

Ike Ukwu

Sibel Uluata, Univ of Massachusetts, 

Amherst

Verpula Uma, CSIR-Indian Institute of 

Chem Tech

Aya Umeno, Advanced Industrial Sci & Tech

Neelam Upadhyay, National Dairy Research 

Inst

Atsushi Usami, Kinki Univ

Makoto Uyama, Shiseido Research Ctr

Ruben Valdez, Avoproducts Inc.

Joost Van Aelst, KU Leuven

John van Antwerp, Waters Corp

Inge N. A. Van Bogaert

Jess Vasina, Cargill Inc

Martha Susana Venegas Larios, Grupo 

Industral Betha SA De CV

Korlipara Venkata Padmaja, CSIR-Indian 

Institute of Chem Tech

Thomas R. Vennard, Covance Inc

Daniel Verkoeijen, DSM Nutritional Products

Manneganti Vijay, CSIR-Indian Institute of 

Chem Tech

Penumarthy Vijayalakshmi, CSIR-Indian 

Institute For Chem Tech

Randall Von Wedel, Cytoculture 

International Inc

Stefan Wagener, Canadian Grain 

Commission

Amol Tukaram Waghmode, Institute of 

Chemical Tech

Daniel Wagner

Rebecca Walker

Timothy Walsh, Deakin Univ

Cathy Wang, AGT Foods

Fei Wang, Kyungpook National Univ

Fengyan Wang, COFCO Corp

Jiapei Wang

Shengbo Wang

Yaqi Wang

Yong Wang, Wilmar (Shanghai) Biotech 

R&D Ctr

Ryohei Watanabe, J-Oil Mills Inc

Yoshiyuki Watanabe, Kinki Univ

Gary Watkins, Huntsman HATC

Ronald R. Watson, Univ of Arizona

Geoff  Weldon, Goodman Fielder

Ryan West

Mark Weyland, IOI Loders Croklaan

Alan White

Kirk Wilbourne, Stiefel

Al Wilhelm, Richardson Oilseed Ltd

Daniel Willems

Jeff  Williams, Cargill Inc

Sue Witeof, Cargill Inc

Michael Wolf, IMI InProTec Pte Ltd

Jong Seng Wong, LIPICO Technologies 

Pte Ltd

Hyunjoon Woo, Chung-Ang Univ

Carrie Wray, Kemin Nutrisurance Inc

Nancy Wright-Ross, Bruker Optics Inc

Wenqian Wu, Guangzhou Bluemoon 

Industrial Co Ltd

Yongfu Wu, Kemira

Jason L. Wubben, Archer Daniels Midland 

Co

Wei Xia, Dalhousie Univ

Huawen Xu

Zaini Yaakub

Yuji Yamashita, Chiba Inst of Science

Satohiro Yanagisawa, Kaneka Corp

George Yao, Silver Swan Mfg Co Inc

Kim Ye-Seul, Daegu Univ

Huaixia Yin, Omega Protein

Yasukazu Yoshida, Natl Inst of Advanced 

Indust Sci/Tech

Nobuji Yoshikawa, Cokey Systems Co Ltd

Shinichi Yoshikawa, Fuji Oil Co Ltd

Xiuzhu Yu, Iowa State Univ

Jin Yue, Shanghai Jiao Tong Univ

Karin Yurko-Mauro

Valerie Zaff ran

Hai Zhang, Wilmar (Shanghai) Biotech 

R&D Ctr

Jinwei Zhang, Univ of Dundee

Tieying Zhang, Wilmar International

Yachen Zhang, Ohio State Univ

Ying Zhang, Zhejiang Univ

Yiran Zhang

Mark Zimmerman, Karges-Faulconbridge 

Inc

Yan Ping Zou, Wilmar (Shanghai) Biotech 

R&D Ctr

William J. Zuccarello, PSEG Power

Nur Nabiha Zulkarnain

Nur Adilla Zulkipli, Univ Malaysia 

Terengganu

To become a member of AOCS, 
complete, sign, and fax back the 
membership application in this issue 
or contact us.

AOCS
Barb Semeraro
Area Manager, Membership
+1 217-693-4804 
barbs@aocs.org
www.aocs.org/join

All members contribute to the
success of the Society while

furthering their professional goals.

** Corporate memberships are available!
Contact us today and fi nd out how your 
company can become a vital part of the 
AOCS network. 

membership@aocs.org
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Application of AAM products containing surfactants pro-
vides consumers with nearly instantaneous gratifi cation as they 
enjoy the almost immediate result of a clean vehicle having shiny, 
protected, lubricated, and disinfected plastic, metal, rubber, and 
upholstery surfaces—all of which can be achieved by spraying, 
wiping, or rubbing as the wett ing and emulsifying properties of 
the surfactants lift  off  and disperse soil.

Soils encountered in AAM applications are hydrophobic—for 
example, oils and greases— and hydrophilic—such as interior 
stains from fruits and vegetables or exterior stains from sap drip-
ping on glass and paint surfaces. Such soils are usually complex 
systems made of multiple components that are inorganic and 
organic in nature and that are aff ected by aging, heat, and environ-
mental conditions. Similarly, the surfaces that are treated (plastic, 
rubber, glass, and metal) are also complex systems described as 
hydrophobic and hydrophilic. Such surfaces can be porous and 
nonporous, vary in shape and size, and are sometimes diffi  cult to 
approach—particularly wheel bolts, various engine parts, and the 
crevices between the dashboard and windshield. 

Soil removal and surface modifi cation. In the complex world of 
soil and surfaces, the question is how to accomplish soil removal. 
Th e answer depends on the energy of soil and surfaces and the 
forces of interaction between two systems in which the interfacial 
surface energy is either lowered or increased to enhance wett ing 
or emulsifi cation. Th us, to remove soil one needs to understand 
the interactions between several paired systems: soil–surface, soil–
product, and surface–product. For example, if interaction between 
soil and surface is high, the soil is not removed and remains on 
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the surface. On the other hand, if interaction between soil and 
product or surface and product is high, soil is released or dis-
solved (see Fig. 1). 

In some other applications, soil removal is secondary, and 
modifying the surface to either wet or bead water by increasing 
or decreasing surface energy becomes essential. Two examples of 
surface modification are shown in Figure 2 (page 640). A liquid 
material with lower surface energy will tend to wet a solid mate-
rial with a higher surface energy. In contrast, if a liquid placed on 
a substrate has a higher surface energy than the substrate, it will 
tend to bead up. For example, a car wash detergent will reduce the 
surface tension of water while a car wax will deposit a low-energy 
surface on the paint.

Cleaning tires and wheels. Improving the appearance of tires 
and wheels is accomplished by wetting the surface, then lifting 
and suspending contaminants. Usually, tire dressing completes the 
process of detailing a car with an “as new”’ or “wet”’ shiny black 
finish (see Fig. 3a,b, page 641).

Dirt on wheels and tires is organic and inorganic in origin. 
Mineral oil from vehicle exhaust and road surfaces, fine parti-
cles of carbon black, and graphite and resins from brake pads are 
considered organic. Dust, traffic grime, metal particulates, and 
inorganic fibers from brake dust are considered inorganic. The 
material to be cleaned from each vehicle wheel or tire varies with 
different vehicles, driving locations, and environmental condi-
tions—though the damage to coatings and wheels is always more 
pronounced in the presence of moisture as water droplets react 
with soil and brake dust. 

Wheel cleaners have traditionally been designed to be aggres-
sive so as to clean tough brake dust and road film. These products 

CONTINUED ON NEXT PAGE
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are either harsh on aluminum wheels or too weak to clean brake 
dust. This is where good wetting surfactants are put to use, those 
that are strong enough to clean brake dust and safe for any metal 
surface.

A synergistic combination of nonionic (e.g., alkanolamide, 
alcohol ethoxylate) and anionic (e.g., di-octyl-Na-sulfosuccinate) 
surfactants with excellent wetting, emulsifying, and cleaning char-
acteristics is safe for all metallurgies and pH balanced for con-
sumer friendly application (Fig. 3a). 

In addition to cleaning tires and wheels, surfactants are used 
as leveling wetting agents to spread tire dressing (Fig. 3b) and to 
reduce the surface tension of tires. This aids the application of sil-
icone-based products for better shine and durability.

Fuel system clean-up. The performance of a vehicle can be 
improved by applying surfactants onto particulate soil, where they 
suspend the soil and help prevent redeposition of particulate soil 
via charge repulsion. 

With time, a vehicle’s fuel system, including its combus-
tion chamber, intake valves, and fuel injectors, become covered 
with carbon deposit, varnish, and gum. If a car is driven roughly, 
such deposits can build up on the port and intake valves (Fig. 3c) 
very quickly. Each time the engine stops, small droplets of fuel 
left at the tip of the fuel injector dry, harden, and carbonize over 

time (Fig. 3d). The resulting obstruction blocks the fuel flow and 
changes the spray pattern from a fine mist to larger droplets and 
streams, which prevent the fuel from vaporizing and burning 
quickly and efficiently. The outcome is a hindered cold start, 
power loss, increased rough idle, and hesitation. 

Removal of oxidized fuel is accomplished by using a fuel 
additive system with the right type and amount of chemistry 
(e.g., polyisobutylamine or polyetheramine). A complete fuel 
system cleaner cleans fuel injectors, intake valves, and combus-
tion chamber deposits by preventing further fuel absorption. 
Clean vehicle parts allow fuel to enter the combustion chamber 
for proper atomization and good engine performance.

Fog and water removal. To remove fog or water, glass surfaces 
must be modified to exhibit either hydrophilic or hydrophobic 
properties. The nature and degree of glass modification (Fig. 4.) is 
characterized by the contact angle at the air/glass interface, where 
better wetting (hydrophilic) and better beading (hydrophobic) 
occur at lower and higher contact angles, respectively. 

When tiny droplets of water are formed on glass, due to tem-
perature differences between the two sides of the glass, the light 
that normally passes through the glass refracts and reflects within 

CONTINUED ON PAGE 642
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the water droplets and does not transmit (see right-hand side 
of the windshield in Fig. 5a). For the glass to exhibit non-fog-
ging conditions and for light not to be attenuated, the windshield 
surface must be modified with a thin layer of wetting agent such 
as silicone polyether copolymer or sodium polyacrylate. Such sur-
face-active agents increase the surface energy and lower the water 
contact angle to about zero degrees. The presence of superabsor-
bent or water absorbent on the glass under fogging conditions is 
shown on the left-hand side of the windshield in Figure 5a.

While wetting of glass is beneficial inside the vehicle, water 
beading is a desired glass property on the outside of the vehicle, 
where the desired outcome is to remove water droplets or large 
amounts of muddy water splashed on the windshield while driving 
(Fig. 5b).

Surface modification occurs at the treated air/glass inter-
face, where in the presence of moisture silanol groups (Si-OH) 
are negatively charged (Si-O-) and undergo a reactive condensa-
tion reaction with polydimethyl siloxane. The result is a low-sur-
face energy glass covered with a lasting water-repelling monolayer 

and improved safety and reaction time under stormy weather 
elements.

In the United States, federal and state government influence devel-
opment of AAM products. Such initiatives protect not only the 
environment but also the consumer. For this reason, scientists 
are formulating products to comply with regulations set by the 
US Environmental Protection Agency (EPA) and two Califor-
nia environmental offices: (i) the California Air Resources Board 
(CARB), which oversees the content of volatile organic com-
pounds in products sold in the state, and (ii) the Office of Envi-
ronmental Health Hazard Assessment (OEHHA), which oversees 
exposure to toxic chemicals and ingredients known to cause cancer 
or birth defects, that is, California’s Proposition 65 list The list con-
tains more than 800 chemicals, including diethanolamine (DEA), 
cocamide DEA, and methanol. An initiative to list ethylene glycol, 
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found in surfactants, emulsifiers,car antifreeze, and brake fluid, 
is currently in the public comment stage. So is the VOC-compli-
ant solvent acetone. Since regular grades of this solvent contain 
some benzene impurities, manufacturers will have to replace 
those with more expensive grades of “clean” acetone to avoid 
the “contains a chemical known to cause cancer” label. 

The Consumer Specialty Products Association (CSPA), 
a trade association representing the interests of companies 
engaged in the manufacture, formulation, distribution and 
sale of consumer products, is another organization that over-
sees AAM products. CSPA gives product guidelines and has 
published a consumer products ingredient dictionary, which 
includes ingredients accepted by the US EPA’s Design for the 
Environment. 

Many industrial and scientific organizations have joined 
forces with the US EPA (e.g., with the EPA-sponsored Green 
Chemistry Challenge) to promote greener, better products and 
to help researchers design products that reduce or eliminate the 
use of hazardous substances. Though many consumer products 
display self-made or industry-recognized seals identifying envi-
ronmental compliance, AAM products to date have tended not 
to identify such certification—even when they comply with 
all the above mentioned regulations and standards. This may 
change, since merchandisers and auto retailers are recognizing 
CSPA’s efforts for ingredient disclosure and chemical reduction 
in automotive chemicals and appearance products. 

All industries, including AAM, are constantly looking for new 
product portfolio from scientific and performance standpoints. 
Continuous improvement and superior formulae and bench-
marking products are a must in highly competitive and fast-
moving consumer goods businesses. Innovative solutions and 
a deep knowledge of end-user needs are moving forward the 
appearance and performance of AAM categories. 

Product differentiation is achieved through cost effective 
ingredients and test standards in combination with blind, field, 
and focus group evaluations. Statistical design is used to sub-
stantiate product label claims since industry needs powerful 
products that are designed by evaluating different surfactants, 
utilizing their physicochemical properties, and implement-
ing specific test procedures that simulate desired applications. 

Conceptually, the question “Are there any gaps in the 
grand surfactant space?” is answered with another question: 
“What are the main features and benefits of a surfactant-based 
product?”

The answer that immediately comes to mind is that 
not only the ingredient (surfactant) but the fully formulated 
product needs to deliver high performance, stability, cost effec-
tiveness, regulatory compliance, and an aesthetic appearance. 
With attractive packaging, such characteristics ultimately build 
strong reputable brands, consumer loyalty and sustainable dif-
ferentiation in the marketplace.  

In the production of edible oils, fi ltration is a decisive process,
which affects the quality and the natural aroma of the fi nished 
product. As a market leader, MAHLE Industry provides 
ecologically and economically convincing solutions that will 
continue to meet the increasing requirements worldwide. 
High-quality and versatile fi lters, such as vertical and horizontal 
pressure leaf filters, backwash filters, or cartridge and 
bag fi lters with FDA-approved fi lter materials, achieve high 
performance and an economical service life for all methods 
of oil production. When safety and purity reach the highest 
level, then it makes for far more than just the right dressing.

We are more than just products. We engineer values.
www.mahle-industry.com 
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We conducted self-metathesis and cross-metathesis reactions 
to adapt the boiling curve of biodiesel to the boiling curve of 
fossil diesel fuel.

The mechanism of metathesis reactions was first described 
by Yves Chauvin in 1971. In 1990, Richard R. Schrock devel-
oped a more effective catalyst and two years later Robert H. 
Grubbs described ruthenium- based catalysts, which are also 
effective and more stable towards water and oxygen. All three 
scientists obtained the Nobel Prize in Chemistry in 2005 [3]. 
Two of the catalysts developed by Grubbs are shown in Fig. 1. 

During the metathesis reaction, two alkenes interchange 
their alkylidene rests. In case of only one alkene, the reaction 
is called self-metathesis. Alternatively, if two different starting 
alkenes are used, the reaction is called cross-metathesis (Fig. 2). 
Depending on the percentage of the educts, an equilibrium of 
products is obtained including self-metathesis products.

 Self-metathesis changes the alkylidene rests of unsaturated 
methyl esters in biodiesel. Using self-metathesis, the products 
are both lower and higher molecular. The higher molecular prod-
ucts have higher boiling points than biodiesel and are therefore 
tentatively undesired.
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Th erefore, short alkenes are useful reaction partners for 
cross-metathesis reactions. α-Olefi ns are easily obtained pet-
rochemically and, in principle, the variation of α-olefi ns can 
modify the boiling line signifi cantly. 

Th us, 1-hexene was used for fi rst metathesis reactions with 
biodiesel. Th e product mixture showed a boiling range of about 
230 °C. Table 1 (page 648) shows the main components of the 
metathesis reaction from rape seed oil methyl ester (RME) and 
1-hexene, measured by gas chromatography-mass pectrometry 
(GC-MS). Next to the listed molecules, also substances with 
a molar mass higher than that of biodiesel were formed in this 
reaction. Th ese products could not be measured by GC-MS, but 
were detected by size exclusion chromatography (SEC). 

Th is metathesis reaction was carried out with diff erent cata-
lysts, diff erent catalyst loadings, diff erent equivalents of hexene, 
and under diff erent reaction conditions. Finally, more than ten 
diff erent metathesis fuels were generated. Th e boiling curves of 
these fuels were more or less comparable to the boiling curve 
of fossil diesel fuel. In Fig. 3 (page 648), the comparison of the 
boiling curves of biodiesel, fossil diesel fuel, and a metathesis 
fuel is shown.    

Since metathesis fuels will probably not be available as neat 
fuels in the near future, M20 blends in diesel fuel were produced 
and tested (Fig. 4, page 649).  From 10 diff erent M20 metath-
esis bends, one was chosen for extended emission tests in a 
heavy-duty truck engine (Mercedes OM 904 LA, Euro IV) by 
a selection process that took into account: the boiling behavior, 
the biogenic content and the regulated emissions from a single-
cylinder engine (Farymann 18W).  

In addition to the regulated emissions (NOx, CO, HC and 
PM), the non-regulated exhaust gas components ammonia, 

polycyclic aromatic hydrocarbons, aldehydes, as well as muta-
genicity of the exhaust and the particle size distribution were 
tested as well. Fossil diesel fuel (DF), biodiesel from rape seed 
oil (RME) and a B20 blend of RME in DF were used in com-
parison with a metathesis blend (M20).

In operation with metathesis fuel blends, the emissions of 
the OM 904 LA only showed very slight deviations from B20. 
Th e nitrogen oxide emissions for RME were much higher than 
for DF, and also the B20 or metathesis blends showed a slight 
increase. Th e opposite eff ect was observed with particle mass, 
where the use of RME led to a reduction of 25%. However, this 
trend was not observed for the blends. Th eir particle masses lay 

CONTINUED ON NEXT PAGE
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within the order of magnitude of DF at 0.01 g/kWh. A signifi-
cant reduction in hydrocarbon and carbon monoxide emissions 
was also observed for RME. For the mixtures, a reduction was 
only found for HC emissions. One of the metathesis compo-
nents exhibited slight advantages in terms of carbon monoxide 
emissions, since no increase in CO emissions, compared to DF, 
was determined here, as with the other blends. However, almost 
all regulated emissions lay within the Euro IV specification that 
applies to the used engine. All specifications were attained for 
three of the four fuels used. Only the nitrogen oxide emissions 
of RME slightly exceeded the threshold value of 3.5 g/kWh.

A small difference in particle size distribution was observed. 
Here, the metathesis fuels, if compared to the B20 blend, dis-
played a slight increase in particle count in the size range from 
28 nm to 1000 nm. In the larger range from 1 μm to 10 μm, the 
values for B20 were substantially higher (Fig. 5). In case of the 
other tested non-regulated exhaust gas components, only small 
differences between the metathesis fuel blends and B20 were 

observed. The carbonyls were also in the same order of magni-
tude and no significant differences could be discerned between 
the fuels used. With regard to mutagenicity, the use of a vana-
dium oxide SCR catalytic converter led to such low emissions 
of mutagenic substances that slight mutagenic tendencies in the 
emissions could only be measured with DF.

Further tests regarding the combustion behavior of the 
metathesis fuels in a special equipped AVL single-cylinder 
research engine based on the MAN D28 engine did not reveal 
any important differences with respect to the comparative fuels 
DF and RME, within the obtainable precision of the available 
measuring technology. 

The boiling curve of biodiesel can be lowered using olefin 
metathesis. The resulting fuels were investigated intensively 

CONTINUED ON PAGE 650
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and tested in three diff erent diesel engines with respect to their 
emissions.  

Within the framework of the implemented tests, no evi-
dence contradicting the suitability of the metathesis fuels for 
engine combustion was found.
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Th e compounds are of great concern, since free 3-MCPD 
and glycidol are classifi ed as “possibly” (group 2B) and “probably” 
(group 2A) carcinogenic, respectively, to humans by the Inter-
national Agency for Research on Cancer (IARC) (4). For free 
3-MCPD, a tolerable daily intake (TDI) of 2 μg/kg body weight 
per day was defi ned. Today, it is generally accepted that 80% to 
100% of the esters are degraded to free compounds by enzymes 
in the human body, making the application of the IARC state-
ment reasonable (5–7). Consequently, there is a need to develop 
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alternative techniques for the processing of refi ned fats and oils 
to reduce the content of the esters (8). 

Mitigating the formation of MCPD-E and GE is possible 
at several steps in the processing chain as edible oils make their 
way from raw materials to ready-to-eat products. Mitigations at 
various stages include reducing or preventing precursors in raw 
materials before processing and selecting suitable raw materials; 
changing the conditions of oil extraction—particularly the refi n-
ing process—and introducting new steps to the process; and using 
suitable absorbent materials or enzymatic treatment to reduce 
esters in oils aft er they have been refi ned. 

Most mitigation efforts have involved palm oil due to its 
strong ability to form esters and important role in food process-
ing. However, many of the approaches outlined in this article also 
apply to the production of other edible oils.

Ester formation requires the presence of certain precursors that are 
genetically defi ned in the plant, taken up by the plant, or formed 
during growing or processing. Processing conditions (tempera-
ture, time, and pH value) also have a strong infl uence on ester 
formation. Th e literature describes how triacylglycerols (TAGs), 
monoacylglycerols (MAGs) and diacylglycerols (DAGs), phos-
pholipids, or glycerol can serve as precursors to the formation of 
free 3-MCPD (9–12) in the presence of chlorine-donating ions. 
Later, research showed that these precursors are also responsible 
for the formation of esters. Regarding the formation pathway, 
Rahn and Yaylayan (13) and Destaillats et al. (14) explained that 

3-MCPD-E are formed as a result of a nucleophilic att ack of chlo-
ride ions on lipids via acyloxonium ion formation. 

In practice, a poor correlation between the amount of DAGs 
in edible oils and the ability to form 3-MCPD-E and related com-
pounds was found for diff erent types of crude oils (15). On the 
other hand, diff erent investigations showed that the capacity for 
ester formation increases signifi cantly starting with a content of 
DAG > 4% in the oil (15, 16). Th is is a strong indication that a 
careful selection and handling of the raw materials, especially palm 
fruits, is necessary to avoid the formation of DAGs post-harvest. 
Higher amounts of 3-MCPD-E and related compounds have also 
been observed to result from higher amounts of free fatt y acids 
and DAGs in other oils such as corn oil, coconut oil, and even 
low-quality olive oil. 

It is logical to assume that diff erences in climate, soil, growth 
conditions, genotype, harvest technique, and processing will have 
a similarly strong infl uence on the ability of the crude oil to form 
3-MCPD-E and related compounds, as these factors infl uence the 
amount of chlorine-containing compounds (such as inorganic 
or organic chlorine-containing compounds arising from salts in 
the soil or pesticides) and partial acylglycerols in the oil. In fact, 
remarkable diff erences in the ability of palm oils from diff erent 

CONTINUED ON NEXT PAGE
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locations to form 3-MCPD-E and related compounds under stan-
dardized heating conditions were found (15).

A key factor in the development of mitigation strategies is 
knowing the source of the chlorine donator. Interestingly, the 
chloride content of the water used to generate strip steam during 
deodorization has no influence on ester formation (17), but it has 
become clear that the chlorine donator must be available in an oil-
soluble form to enable the reaction with other precursors (15). 
Craft et al. (18) described a case in which lipophilic organochlo-
rides were formed while fresh fruit bunches were being sterilized 
inside the oil mill. Hydrophilic compounds taken up from the 
environment had accumulated in the oil palm plant, resulting in 
a chlorine cascade. Sources of inorganic chloride are widespread. 
Examples include chloride-containing saline soils, ferric chlo-
ride used as coagulant in water treatment in Malaysia, potassium 
chloride as a cheap and widely used fertilizer, and ammonium 
chloride as a nitrogen source for oil palms. Additionally, within a 
sustainable plantation management system, empty fruit bunches 
and palm oil mill effluent are used as fertilizer, which can result 
in an enrichment of chloride ions in the plantation. Herbicides 
and insecticides are another possible source of organochlorides 
(19, 20).

• Some general recommendations for mitigation before 
refining include:

• harvesting immediately after detecting loose fruits;
• harvesting and loading carefully, and transporting  fruits 

to the mill quickly;
• collecting loose and/or damaged fruits and processing 

them separately;

• inactivating triacylglycerol splitting enzymes quickly 
after harvest; and

• avoiding the use of potential chloride donators

Although refining contributes significantly to the development of 
esters, producing crude oil without refining is not a realistic miti-
gation strategy, as refining is essential to improve and optimize oil 
quality and stability after extraction. Consequently, it is necessary 
to optimize the refining process.    

In the first step of the refining process, degumming, it seems 
advisable to avoid acid pH-values in the crude oil. Schurz (21) and 
Ramli et al. (22) showed that the use of acid during degumming 
could activate the formation of esters upon further processing. 

Chemical neutralization has two positive effects on the miti-
gation of the esters: 1) the acidity of the oil before deodorization 
is reduced and 2) potential precursors can be removed from the 
oil when the neutralized oil is washed with water to eliminate the 
soapstock. Thus, a neutralization step is recommended before 
deodorization to avoid the lower pH values that result from higher 
contents of free fatty acids. From this point of view, chemical refin-
ing seems to be a better option for lower contents of 3-MCPD-E 
and related compounds than physical refining. 

Bleaching before deodorization can strongly influence the 
pH value when neutral or acidic bleaching earths are used. Ramli 
et al. (22) recommended the use of natural or activated bleaching 
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We were particularly interested in the local re-deposition 
caused by reduced water volume machines.  We have seen this in 
European laundry, where low water volume washing machines 
have been the norm for decades.  The cause of the phenomenon 
was accidental application of certain personal care products onto 
fabrics.  These hair or skin care products were not particularly 
visible to the consumer after being applied to the fabric. However, 
if a personal care product contained a polyquaternary compound 
(“polyquat”), any part of the fabric where it was applied would 
develop a very visible stain during the wash process. An example 
of this phenomenon is presented in Fig. 1.  

The polyquats attract soil and dyes from the wash water, 
forming a nearly permanent stain on the fabric.  The lower water 
volumes of front-loading machines in Europe exacerbate the re-
deposition potential of these products because the relative soil 
concentration is so high.  Our testing of the newer HE machines 
shows that this localized stain phenomenon is likely to be a 
concern for many consumers in North America as well. 

We evaluated several types of machine for this comparison.  For 
the North America region we used  top-loading standard effi-
ciency Kenmore 80 Series machines with an agitator stem as our 
control.  The reduced water use washers were represented by LG 
TROMM WM2688HWM front-loading washers, an older gener-
ation Whirlpool Cabrio WTW6600SW, and a current generation 
Whirlpool Cabrio WTW8800YW1 . Both of the Cabrio washers 
were HE top-loading machines with no agitator.  Please see Fig. 2 
for a comparison of the two types of top-loading washers.

Comparisons were also made between two types of Euro-
pean washers.  The standard control for the European region was 
an older model Miele Novotronic W 1918, while the reduced 
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resource machine for the region was represented by a current gen-
eration Bosch WAE244S1GB.

A mix of cotton, cotton/polyester blend, and terry cloth 
fabric  was used to make up standard 2.71 kg bundles.  The 
bundles and washers were stripped using 25 g of a linear alkyl-
sulfonate based stripping detergent and 580 g sodium hexam-
etaphosphate in softened water for two cycles.  To ensure as little 
carry over as possible, a third cycle was run using only softened 
water.  These cycles were all run using the hottest wash water and 
the largest load settings on each machine.  The bundles were then 
dried in an electric tumble dryer.

A set of soil swatches designed to evaluate both the various 
detergency performance attributes of a laundry detergent and 
the ability of a detergent to prevent soil re-deposition were used 
as part of the test.  Included was a set of cotton swatches with hair 
mousse applied to evaluate polyquaternium aided re-deposition.  
One gram of a commercially available hair style product that 
contained Polyquaternium 11 and Polyquaternium 4 (Amway 
Satinique® brand) was applied to a 100% cotton cloth (style 
493) and allowed to dry overnight.  All of the cloth swatches 
were individually measured for reflectance before washing using 
a Hunter 45°/0° spectrophotometer with a D65 illuminate and 
10° observer.  These swatches were then attached to the terry 
cloth towels present in the bundles  and washed in the machines 
being evaluated using a standard setting with Amway’s bleach- free 
powder detergent.  An ingredient listing in order of descending 
concentration can be reviewed at www.amway.com on the Legacy 
of Clean® SA8® Laundry Detergent product page.  In the case of 
the North American washers, the settings were warm water wash, 
medium load size with standard agitation, and a cool water rinse.  

The European washers were set to a normal agitation cycle 
with a 40°C wash setting.  Water was captured and weighed at the 
end of each wash and rinse cycle.  Municipal water from Grand 
Rapids, Michigan, USA (approximately 120ppm as CaCO3) was 
used during all cycles of this evaluation.

When the wash and rinse cycles were complete, the laun-
dered swatches were removed from the terry cloth hand towels, 
then dried and pressed flat using a photographic print dryer.  Final 
measurements of reflectance were then made with the spectro-
photometer.  Detergency performance results were tabulated 

CONTINUED ON NEXT PAGE
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and presented as the delta Rd portion of the Rd aRd bRd color scale.  
We find delta Rd to be an excellent indicator of soil removal and 
soil re-deposition by measuring how much “lighter” a soil swatch 
becomes and how much darker a clean cloth gets after washing.  

When compared to the Kenmore 80 series, the HE machines used 
much less water.  The LG TROMM WM2688HWM washers 
consumed 80% less water while washing and 60% less through-
out an entire cycle.  The Cabrio WTW8800YW1 showed a reduc-
tion in water use of 41% in the wash and 56% over an entire cycle.  
Unfortunately, water volume information was not available for the 
Cabrio WTW6600SW.  Water used in each machine is shown in 
Table 1.  

All of the North American HE machines had an increase in cycle 
time when compared to the Kenmore 80 series washer.   Both 
the LG TROMM WM2688HWM and the Whirlpool Cabrio 
WTW8800YW1 wash cycle times were 107% longer with a 
total cycle time 53% longer than the Kenmore 80 series washer.  
Unfortunately, cycle times were not available for the Cabrio 
WTW6600SW.  Cycle time for each machine is shown in Table 2.

There are large soil removal differences between these washers.  
All of the HE machines removed more soil than the Kenmore 80 

series washer, with the LG TROMM WM2688HWM washer 
showing the largest increase at 72%.  The performance of the 
Cabrio WTW6600SW washer showed a 7% increase, and the 
Whirlpool Cabrio WTW8800YW1 washer showed a 65% 
increase compared to the Kenmore 80 series.  The Whirlpool 
Cabrio WTW8800YW1 also showed a 35% increase in soil 
removal when compared to the Cabrio WTW6600SW machines.  
Reflectance differences indicating overall detergency and soil 
removal are shown in Figure 3.

The newer HE machines show slightly more re-deposition 
values for the unsoiled re-deposition swatches.  Swatches treated 
with the hair styling product containing polyquats show a large 
decrease in reflectance.   In the North American washers tested, 
this culminates with a 217% lower delta Rd in the LG TROMM 
WM2688HWM indicating that these swatches are visibly darker/
dingier in a single wash.  The decrease in reflectance due to re-
deposition of soil is shown in Figure 4.

The Bosch WAE244S1GB washers tested also showed a reduc-
tion of water use when compared to Miele Novotronic W 1918 
machines.  The Bosch WAE244S1GB showed a 55% reduction 
in wash water and a 17% reduction in rinse water use.  That 
equates to a total reduction of 32% across all cycles (Table 1).  

Unlike the North American washers which increased in cycle 
time, the European washers actually showed a decrease in cycle 

CONTINUED ON PAGE 660
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time.  When compared to the Miele Novotronic W 1918, the 
Bosch WAE244S1GB showed a reduction of 26% in wash time 
and 31% in rinse time for a total cycle time reduction of 29% 
(Table 2, page 658).  

The Bosch WAE244S1GB showed a minimal performance 
increase as measured by reflectance of 5% over the Miele Novo-
tronic W 1918.  However, a large difference can be seen in the 
increased localized re-deposition caused by polyquats as the 
reflectance of these swatches decreased by 17%.  The untreated 
swatches also experienced a slight increase in re-deposition.  
Reflectance differences indicating overall detergency and soil 
removal are shown in Figure 3 (page 659).  The decrease in reflec-
tance due to re-deposition of soil is shown in Figure 4 (page 659).

The continuing trend toward washing machines that use less water 
than their predecessors has and will bring about more challenges 
and opportunities in laundry detergent formulation.

First, with the reduction of water in the wash cycle and an 
increase in wash cycle time (North America only) the newer HE 
machines remove more soil from clothing, but they must also 
suspend it in less water. This is especially important if a fabric has 
been in contact with personal care products that contain poly-
quats. While this type of localized staining requires circumstances 
that are somewhat infrequent, the result is very visible to consum-
ers.  The personal care product must be applied directly to fabric 
and washed in a high soil wash load.  Amway has had customers 
who experienced this phenomenon in Europe which prompted 
research and development of a patented solution to address the 
concern (Sliva, P. US Patent #631,310,031 B1, 2001).  

Second, with the increase of detergent concentration in the 
wash liquor, certain opportunities and challenges arise. With wash 
water volumes of 9 liters in European washers and 13 liters in the 
North American front load washers, chelants and some polymers 
that were once considered cost prohibitive may now become 

economically available for use.  These materials may enhance 
water hardness control, bleachable soil removal, and the soil re-
deposition properties of a given formula.  

Increased concentration can also impact fabric and color 
safety.  While the increased detergent concentration will make 
activated bleach systems more effective, it may also create fabric 
care concerns. In addition, dye transfer from colored clothing may 
also increase the importance of including color transfer inhibition 
agents to detergent formulations. 

Finally, the newer HE machines in North America extract 
water much more effectively as they have greater spin rates than 
previous machines.  The extraction cycle therefore creates a greater 
potential for pressing wrinkles into clothing.

Obviously, these significant changes in machine design will 
require more detailed evaluations. Meanwhile, laundry formula-
tion chemists and their suppliers will be busy taking advantage of 
the new opportunities and challenges.
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When the effectiveness of any factor is increased, it will result 
in a decrease of one or multiple other factors. Washing dishes is 
an effective example of how the four factors interact. Hot water 
(temperature) is going to remove stuck-on food better than cold. 
Adding soap (chemical action) makes the process even easier, 
and you can either soak a dish overnight (time) or scrub the dish 
clean (mechanical force). 

When cleaning tanks and other containers, it is imperative to 
examine the effectiveness and efficiency of your procedure. The 
Sinner’s Circle (Fig. 1) can be easily applied to cleaning-in-place 
(CIP) as a way to compare processes. The most common cleaning 
practices are: wetting (static spray balls), rotary wetting (rotary 
spray heads), boiling out or fill and drain, manual cleaning, and 
rotary impingement cleaning (Fig. 2). 

Boiling Out or Fill and Drain are the processes of soaking 
tanks with hot water and caustic for a period of time and then 
draining them. For one major chemical manufacturer, clean-
ing different chemicals tanks between batches was crucial to the 
quality of their product. Each clean required filling 6,000 (24,000 
liters) to 21,000 gallon (80,000 liters) tanks with water and clean-
ing agents then bringing the water to a boil. Each wash required 
4,000 gallons of water which added up to 1.5 million gallons (5.7 
million liters) per year. This is an extremely excessive amount 
considering other cleaning methods are able to achieve the same 
results in just minutes by using a tenth or less of the water.

Manual cleaning is a very common method of tank cleaning; 
however, the method is beginning to lose credibility. Although 
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nearly every other process is automated, many companies still 
rely on manual cleaning as an effective way not only to clean but 
also to validate the cleaning process as well. Human error aside, 
no manual clean can ever be absolutely replicated. In addition, 
entry into confined spaces is risky and the potential damage to 
the tank is high.

Static spray balls and rotary spray heads are designed with 
nozzles or small orifices. The water and chemicals are typically 
split four or more ways depending on the manufacturer. These 
devices can be positioned inside a tank at any angle and can wet 
a tank quickly. For easy-to-clean residues such as powders or dry 
materials, spray balls and spray heads can be a suitable option. Opt 
for a rotary spray head if the cascading cleaning effect provides a 
sufficient clean. If quick dispersion is needed to wet or rinse a tank 
quickly or if water usage is not an issue, a spray ball may be a good 
option however, it is best to conduct an ROI before purchasing 
any tank cleaning device. 

The goal is to use the least amount of resources while achiev-
ing the most effective tank clean. Delivering greater impact 
(mechanical force) to dirty tank walls will reduce the amount of 
resources (time, temperature, water, and chemicals) required to 
clean. Rotary impingement machines are designed to do just that. 
They combine pressure and flow to create high-impact cleaning 
jets. Cleaning occurs at the point where the concentrated stream 
impacts the surface. This impact and the resulting tangential force 
radiating from that point blast contaminants from the surface, 
scouring 100% of the tank interior. Distributing the impinge-
ment force in a precise, repeatable, and reliable 360° pattern—a 
full-coverage, indexing pattern—ensures the entire tank or vessel 
interior is cleaned, every time. This combination of impact and a 
controlled indexing manner results in an economic ideal, because 
impact is a one-time investment; water, chemicals, temperature, 
and time are continuous expenditures. 

There are many real-life examples of savings through rotary 
impingement tank cleaning. One such example is a flavoring man-
ufacturer who was using the manual cleaning method to clean 
hundreds of reservoirs ranging from 125–550 gallons (470–2100 

liters). One of those tanks was an orange oil storage tank with one 
2 inch (5 centimeter) opening and no usable drain-line. This par-
ticular tank had not been cleaned in over three years and the oil 
residue was hardened, making it an extremely difficult cleaning 
situation. The hard sediment was clogging the lines carrying the 
product to the production line. Typically, cleaning this tank by 
handwould take one or two days and involve scooping and shov-
eling the product out and using 750 gallons  (280 liters)of water. 

By utilizing the force of a rotary impingement cleaning 
device, the hardened oil was emulsified and easily sucked out 
with a customized vacuum extractor connected to the tank-clean-
ing device. With this method, cleaning times were reduced from 
2 days to 4 minutes and water usage was reduced to 16 gallons 
(60 liters) from 750. 

Rotary impingement machines are becoming recognizable 
across all processing industries. One such example is a Pennsyl-
vania (USA) milk company using vertical spray dryers to produce 
large quantities of milk powder. With sizes of up to 22 feet (6.7 
meters) in diameter and up to 60 feet (18 meters) high, the facil-
ity’s spray dryers produce a total upward of 9,000 pounds (4,000 
kilograms) of milk powder per hour.

Until recently, the company used traditional static spray balls 
and high-pressure water injection to clean the dryers. The routine 
cleaning cycle usually consisted of two 45-minute wash cycles 
utilizing a 3% cleaning agent followed by a 20–30 minute rinse. 
However, a thorough cleaning of the entire unit often required 
personnel to insert the spray ball up to 16 separate times into 
various openings throughout the dryer. This was a very time-con-
suming and labor-intensive operation to ensure that all the areas 
were cleaned. Water usage throughout the process was approxi-
mately 250 gallons (950 liters) per minute.

With a standard cleaning process already in hand to measure 
against, the company’s manager of engineering and maintenance 
had the opportunity to install and use two rotary impingement 
cleaning machines.

A rotary impingement tank cleaner was inserted inside the 
large upper chamber and dome of the spray dryer, while a more 
compact machine was positioned in the small cone (also referred 
to as a “bustle”) located at the bottom of the dryer. During the new 

CONTINUED ON NEXT PAGE



cleaning cycle, each rotary impingement machine was inserted 
only once, resulting in immediate savings in time and manpower.

With the new units, wash times were reduced to one 15–30 
minute cycle. Additionally, water usage was estimated to be about 
100 gallons (380 liters) per minute. “We estimate that by using 
the two [rotary impingement] units, we save about two and a 
half hours in time and around 7,500 gallons of rinse water per 
cleanup,” the manager said. “And, we also save on the amount of 
chemicals we use.”

Another example is a food company that needed to regu-
larly clean 12 process vessels with burnt-on sauce residue. It was 
using static spray balls to clean all four production lines with three 
tanks each. Cleaning time was 2.5 hours per tank. The company 
estimated its tank downtime to be 3,650 hours per year. Its water 
usage was more than 3.5 million gallons (13 million liters) per 
year. It was producing 1,460 batches per year.

The company decided to purchase a rotary impingement 
device, operating at 15 gallons (57 liters) per minute. The clean-
ing process with the new device includes a 2 minute pre-rinse, 5 
minute recirculated wash, and a final 2 minute rinse, for a total of 
9 minutes. The tank downtime is now 362 hours per year, down 
from over 3,650. The company is now able to create more than 
2,400 batches per year, an increase of more than 950 batches. 

The company reports it is using 85% less water with the 
rotary impingement machine and has saved 90% in time spent 
cleaning. The reduction in tank downtime allows for 65% more 
batches to be produced.

As the most widely used container for storing and transporting 
materials, totes that are improperly and inefficiently cleaned can 

have direct repercussions to the overall productivity of a facil-
ity. Rotary impingement tote cleaners contribute to substantial 
improvements in productivity and reductions in cost. Companies 
no longer have to waste time and money outsourcing cleaning or 
be charged for dirty returns. Cleaning times for 1,000 liter totes are 
2–7 minutes with a rotary impingement machine. Cleaning can be 
done in-house, effectively and efficiently using the least amount 
of resources including time, energy, manual cleaning, chemicals, 
and water as illustrated by a chemical company who uses totes for 
shipping its products. 

After the shipments have been delivered, the totes are recy-
cled for re-use. Many of the totes for receiving raw materials from 
suppliers are also recycled for re-use at the company. the director 
of operations was frustrated by the time, inconsistency, and costs 
of sending dirty totes to the company’s tote supplier for refur-
bishing/cleaning. He also had to ensure that re-used totes were 
100% clean to avoid the dangers of cross-contamination between 
product shipments. Oftentimes, if the manual cleaning was done 
in-house, the results were less than perfect. 

He decided to purchase a rotary impingement machine to 
see if it could reclaim the costs of outsourcing. In order to accom-
plish this, the device had to reduce the time spent cleaning totes 
in-house and increase the level of in-house cleaning effectiveness. 
The rotary impingement machine accomplished these goals and 
paid for itself in one week. As a result, the company spent 50% 
less time cleaning while eliminating outsourcing and achieving a 
consistent clean. 

Rotary impingement machines are not the answer for all tank-
cleaning applications, though. For example, when residues are 
relatively easy to clean, such as powders, rotary impingement 
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machines can be overkill to the budget, and the water jet impact 
exceeds the mechanical force need to achieve effective cleaning. 
Whereas a spray ball or rotary spray head typically costs under 
$1,000, rotary impingement machines are generally $3,000–
$5,000. Just as with any purchase, an ROI (return on investment) 
calculation should be conducted to determine the payback of a 
rotary impingement machine vs. a rotary spray head and a static 
spray ball. If the payback on a rotary impingement is more than 
five years after installation, then opt for a rotary spray head or spray 
ball. An easier test is to ask yourself a simple question: Is this spray 
ball getting my tanks clean quickly and effectively? If the answer 
is yes, then stick with the spray ball. If not, then it may be time to 
upgrade to the higher-impact water jet offered by rotary impinge-
ment cleaning.

If quick dispersion is needed to coat a tank quickly with a 
chemical or disinfectant, rotary impingement machines are not 
the answer. At this time they do not have the capability for quick 
dispersion.

Some of the largest savings companies have experienced 
through rotary impingement cleaning are in the reduction of water 
usage. In some geographic areas, such as on the coast or in offshore 
locations, water is in abundance and therefore limiting its use is 
not considered a top priority. In that case, a rotary impingement 
machine may not offer the substantial savings that other compa-
nies have experienced. 

It’s also important to note that some rotary impingement 
machines can be damaged if operated at a pressure higher than 
what is recommended by the manufacturer. 

Keep in mind that not all rotary cleaners are created equal. First, 
each device is built for a company’s specific goals and appli-
cations. Tank size, internal obstructions, and residue are con-
sidered when selecting and sizing the right machine for the 
application. Second, in order to experience a quick ROI, the 
tank-cleaning machine must be built to last. There are many 
“off-the-shelf ” rotary cleaning devices on the market today that 
easily clog, break down, and have high repair costs. The results 
are inefficient cleaning and massive tank downtime. To make 
the most out of your CIP, your tank-cleaning machine should 
be durable. Furthermore, maintenance and necessary repairs 
should be quick, easy, and affordable. 

Rotary impingement tank-cleaning machines are designed 
with cutting-edge technology by experienced engineers whose 
goal is to save companies’ resources and time. When tank and 
tote cleaning is done properly, it can result in the recovery of mil-
lions of hours in time and billions of gallons of water. Audit your 
CIP and see what you can do to make your sustainability goals 
a reality. The right rotary impingement machine can enable sig-
nificant results, directly impacting the bottom line.
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Dasseux, J.-L., US8617615, December 31, 2013
The present disclosure provides charged lipoprotein com-

plexes that include as one component a negatively charged phos-
pholipid that is expected to impart the complexes with improved 
therapeutic properties.

Banavali, R., and J. Trejo, Rohm and Haas Co., US8685881, 
April 1, 2014

The present invention relates to a method for producing 
esters from triglycerides by using solid heterogeneous cata-
lysts comprised of calcined calcium carbonate, particularly for 
obtaining biodiesel.

Van der Wal, H.R., and C.F. Camiel, Dow Global Technologies 
LLC, US8686057, April 1, 2014

Polyurethane polymers are made from a reaction mixture 
that contains a polyisocyanate, a hydroxylmethyl-containing 
fatty acid or ester, and another polyol, polyamine, or aminoal-
cohol. The carboxylic acid or ester group on the hydroxymethyl-
containing fatty acid or ester is capable of engaging in a variety 
of reactions with the polyisocyanate and/or amine or hydroxyl 
groups present in the reaction mixture. This allows for good-
quality, high molecular weight polymers to be produced even 
though the hydroxymethyl-containing fatty acid or ester tends 
to be a low functionality material.

Hanks, P.L., et al., ExxonMobil Research and Engineering Co., 
US8686203, April 1, 2014

A process for preparing fuels, such as diesel fuels or jet 
fuels, by hydrotreating vegetable oils or fatty acid derivatives that 
may be applied to existing equipment for treating fossil fuels. 

The process comprises feeding hydrotreating a combined oxy-
genate feed stream, such as fatty acid methyl esters, and a hydro-
carbon feed stream until not more than 86 wt% of the esters in 
the oxygenate feed stream are converted to hydrocarbons, and 
optionally further hydrotreating the product stream within at 
least a second hydrotreatment reaction zone until at least 90 
wt% of the esters in the oxygenate feed stream are converted to 
hydrocarbons, before removing and separating a hydrocarbon 
stream suitable for use as fuel.

Maeyama, S., et al., Lion Corp., US8685912, April 1, 2014
A detergent composition for metal according to the present 

invention contains a specific nonionic surfactant, a specific nitro-
gen-containing organic compound, a specific carboxylic acid or 
salt thereof, and a specific alkanol amine, and has a pH of at least 
9 that is measured at 25°C when the detergent composition is 
diluted to 1% by mass of an aqueous solution. According to the 
present invention, the detergent composition for metal having 
excellent corrosion inhibition properties, excellent effluent treat-
ment properties, excellent foaming suppressing properties, and 
excellent liquid stability in addition to high detergent properties 
for metal can be provided.

Patel, R., and R.M. Paredes, Conopco, Inc., US8691197, April 
8, 2014

This invention relates to rinse-off skin-conditioning compo-
sitions comprising relatively low amounts of oil/emollient and 
relatively low amounts of aqueous phase stabilizer/structurant. 
Use of unsaturated fatty acid (or at least minimum amount of 
unsaturated fatty acid as percentage of total fatty acid) has been 
found to result in unexpectedly high hydration. In a second 
embodiment, use of branched fatty acid (at minimum amount 
branched as percentage of total) also results in superior hydra-
tion. Also mixtures of unsaturated and branched fatty acids 
can be used. In a second embodiment, the invention relates to 
method of enhancing hydration using compositions as noted.
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Bodroža-Solarov, M., et al., J. Sci. Food Agric. 94: 2613–2617, 
2014, http://dx.doi: 10.1002/jsfa.6655.

In the present paper, a special method for derivatization 
of liposoluble extract of common wheat and spelt flours was 
employed which enables simultaneous detection of fatty acid 
and non-saponifiable lipid fractions.Gas chromatographic–mass 
spectrometric analytical data for both fractions were separately 
analyzed by multivariate statistical techniques to model classes of 
different common wheat and spelt cultivars. Cluster analysis was 
used, and the results obtained revealed that better discrimination 
of samples was achieved by analyzing the peak area after 16 min 
retention time (non-saponifiable lipids), rather than commonly 
used peak area between 12 and 16 min (fatty acid fraction), due to 
more distinctive positions of points in factor space, even though 
the distances between points for fatty acid fraction (12–16 min) 
were greater. Similar results were obtained by principal compo-
nents analysis, where all wheat points almost coincided whereas 

spelt showed good discrimination. Comparison of chromatogram 
areas for non-saponifiable lipid fraction between common and 
spelt wheat showed a statistically high difference and hence has a 
potential for use in authenticity control.

Pantze, S.F., et al., Eur. J. Lipid Sci. Technol. 116: 1145–1154, 
2014, http://dx.doi: 10.1002/ejlt.201300409.

Liposomes can be used as oral dosage form to improve the 
bioavailability of both hydrophilic drugs, such as peptides and 
proteins and lipophilic drugs. But liposome dispersions are not 
very stable under the harsh conditions of the GI-tract. Also a con-
trolled release of embedded compounds is not possible. Therefore 
we developed a lipid based liposomal carrier system for peroral 
delivery of peptides. The lipid bilayer of standard egg-PC/cho-
lesterol liposomes were stabilized by gelatine. The gelatine also 
works as a thickening agent by forming a matrix in which lipo-
somes are embedded. Liposomes were prepared by dual asym-
metric centrifugation with the addition of gelatine. Size and 
size distribution of prepared liposomes with up to 20% gelatine 
achieved the same quality compared to conventional liposomes. 
Size and size distribution, encapsulation efficiency of different 
compounds and the dissolution behaviour of the solid dosage 
form in simulated intestinal fluid were examined. Matrix lipo-
somes containing 20% gelatine showed an approximately linear 
release of liposomes. Moreover, the dissolution rate could be 
adjusted by modification of the gelatine concentration and the 
absolute amount of liposomes released at a certain time was found 
to be dose dependent.
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earths with a more neutral pH value, as he found that the formation 
of 3-MCPD-E after deodorization increased with the acidity of the 
bleaching earth. 

Since the formation of 3-MCPD-E and GE is the result of a heat-
induced reaction, deodorization time and temperature have the stron-
gest effect on ester formation (Fig. 1, page 652). GE show a continuous 
increase with increasing temperature. However, once a critical tempera-
ture is reached, 3-MCPD-E formation appears to follow a reaction that 
is completed in the early stage of the heating period and requires only 
minimal heating (>180°C) (23). Destaillats et al. (24) showed that 
the critical temperature for the formation of GE from DAG is approxi-
mately 200°C; above this temperature, the formation accelerates rapidly 
with increasing temperature. These different temperatures for the for-
mation of the esters indicate on the one hand that the particularly high 
temperatures of physical refining force the formation of GE, but on the 
other that it might be possible to reduce their formation by lowering 
the temperature during deodorization while the amount of 3-MCPD-E 
is relatively unaffected.

Dual deodorization can be used to reduce the formation of esters by 
lowering the total temperature load of the oil during deodorization. A 
comparison of various combinations of high temperature/short- term 
and low temperature/long-term deodorization to conventional (one-
step) deodorization shows a significant reduction of GE when a short-
term deodorization at a higher temperature was followed by a long-term 
deodorization at a lower temperature (Fig. 2,  page 653). However, 
reduction of 3-MCPD-E starting two-step deodorization at a higher 
temperature results in an opposite trend, with slightly higher amounts 
produced. In general, the potential to minimize 3-MCPD esters by two-
step deodorization is lower than for GE.

Another approach is short-path distillation, which allows the esters 
to be reduced completely. The resulting palm oil is red, since the heat 
bleaching of carotenes does not take place at such a low temperature. 
Depending on the quality of the raw oil, a steam washing at 160°C or 
180°C may be necessary to improve the oil’s sensory quality. The steam 
washing results in a slight increase of the content of 3-MCPD-E to 1 
and 1.9 mg/kg, respectively.

Laboratory-scale tests have shown that additives can be used to 
prevent the formation of the esters, to destroy formed esters, or to 
compete with precursors. Examples include:

• the addition of alcohol to refined bleached palm oil, which 
results in the formation of volatile chlorinated adducts that 
are stripped off during deodorization (18, 25);

• the addition of bicarbonates or carbonates during deodoriza-
tion to neutralize free hydrogen chloride (26, 27); and 

• the addition of 2% citric acid before deodorization, which 
results in a remarkable reduction of GE and no effect on the 
3-MCPD-E (28).

The use of adsorption materials such as calcinated zeolite or synthetic 
magnesium silicate after the deodorization step can reduce the content 
of GE by 40% but has no influence on the 3-MCPD-E (29). Zeolite 
enables a spontaneous reduction of the esters at 60°C, while synthetic 
magnesium silicate needs at least 60 min at 80°C to reach a similar 
result. 

Shimizu et al. (30) described the removal of GE from both TAG 
and DAG oils by the use of activated bleaching earth, which transforms 
GE to glycerol monopalmitate, glycerol palmitate oleate, and glycerol 
dipalmitate. 

The literature also describes the degradation of 3-MCPD-E in a 
biphasic system. The esters are degraded into free 3-MCPD by Candida 
antarcitca lipase A and afterwards the free 3-MCPD was transferred into 
glycerol via treatment with halohydrin dehalogenase from Arthrobac-
ter sp. AD2 and an epoxide hydrolase from Agrobacterium radiobacter 
AD1 (31). 

With so many different approaches to reducing the formation of 
3-MCPD and GE available today, it should be possible to produce 
edible oils with remarkably lower amounts of 3-MCPD-E and GE. 
However, producing oils with lower amounts of the esters will only be 
feasible if customers are willing to pay for the additional efforts. As a 
general rule, mitigation is easier and more successful the sooner it starts 
within the processing chain. Therefore, it is highly recommended that 
mitigation strategies be introduced on the plantation. If this is not pos-
sible, adapting the refining process or the removal of the esters from the 
refined oil is practicable. Also, the combination of different approaches 
is conceivable and meaningful.
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Rey, A.I., et al., J. Sci. Food Agric.94: 2649–2654, 2014, http://
dx.doi: 10.1002/jsfa.6603.

Quantification of γ- and α-tocopherol in dry-cured shoulders 
of Iberian pigs was evaluated as a tool for differentiating feeding 
backgrounds or regimens. Samples (n = 115) were obtained over 
two different seasons from the four categories of pigs described in 
the Industry Quality Policy, i.e. pigs fed in free-range conditions 
(free-range), pigs fed in free-range conditions and provided feed 
supplements (Free-feed), pigs fed outdoors with feed and with 
access to grass (feed-out) and pigs fed in intensive conditions 
with feed (feed). Linear discriminant functions were calculated 
and validated. The validation results showed that 20% of the 
muscle samples were not correctly classified into the four feeding 
categories, giving an 80% success rate. The Feed group had the 
lowest proportion of errors, with 100% of samples correctly clas-
sified. For the free-range group, 87% of samples were assigned 
to the correct feeding system by cross-validation; however, 13% 
were considered as free-feed. A higher rate of correct classification 
can be obtained when using three categories or by calculating the 
weight gain in free-range conditions using regression equations. 
Taking into account the high variability of the samples and the 
high success in classification, these results are of interest and may 
be applied in practical situations. 

Xin, H., et al., Ind. Crops Prod. 62: 204–211, 2014, http://
dx.doi: doi.org/10.1016/j.indcrop.2014.08.025

This study was conducted to explore the effect of different 
autoclave heating times (30, 60 and 90 min) on fatty acids supply 
and molecular stability in Brassica carinata seed. Multivariate 
spectral analyses and correlation analyses were also carried out 
in our study. The results showed that autoclaving treatments sig-
nificantly decreased the total fatty acids content in a linear fashion 
in B. carinata seed as heating time increased. Reduced concentra-
tions were also observed in C18:3n3, C20:1, C22:1n9, mono-
unsaturated fatty acids (MUFA), polyunsaturated fatty acids 
(PUFA), omega 3 (ω-3) and 9 (ω-9) fatty acids. Correspond-
ingly, the heated seeds showed dramatic reductions in all the 
peak intensities within lipid-related spectral regions. Results from 
agglomerative hierarchical cluster analysis (AHCA) and princi-
pal component analysis (PCA) indicated that the raw oilseed 
had completely different structural make-up from the autoclaved 
seeds in both CH3 and CH2 asymmetric and symmetric stretch-
ing region. However, the oilseeds heated for 30, 60 and 90 min 
were not grouped into separate classes or ellipses in all the lipid-
related regions, indicating that there still exhibited similarities in 
lipid biopolymer conformations among autoclaved B. carinata 
seeds. Moreover, strong correlations between spectral informa-
tion and fatty acid compositions observed in our study could 
imply that lipid-related spectral parameters might have a potential 
to predict some fatty acids content in oilseed samples, i.e. B. cari-
nata. However, more data from large sample size and diverse range 
would be necessary and helpful to draw up a final conclusion.

Do, L.D., et al., Ind. Crops Prod. 62: 140–146, 2014, http://dx.doi: 
10.1016/j.indcrop.2014.08.026.

Soybean oils are increasingly being used for a range of non-
food applications, including production ofbiofuels and oleochem-
icals. While most soybean oil is produced by hexane-based 
extraction methods,concern about environmental and health 
effects from hexane extraction has led to increased interestin 
development of aqueous extraction methods. Among aqueous 
methods, surfactant-based aqueousextraction of vegetable oils 
has shown particular promise as an alternative to hexane-based 
extractionmethods. The objectives of this work were to explore 
the use of surfactant-based methods for the extrac-tion of soybean 
oils, and to test whether the use of mixed anionic–cationic and 
anionic–cationic–nonionicsurfactant mixtures could successfully 
be used to reduce the salinity requirements for surfactant-basedex-
traction. All three formulations tested were capable of producing 
ultra-low (<0.01 mN/m) interfacialtensions with soybean oil. 
One of the formulations, a four-component (three surfactant, one 
hydrotrope)mixture, was able to reduce the salinity requirement 
from 5% down to 0.75%. A range of experiments wasconducted 
to better understand the factors influencing extraction yield for 
surfactant-based extraction ofsoybean oil. Extraction experi-
ments were conducted with a single extended surfactant system 



which hasbeen used previously for extraction of other oilseeds. 
Extraction yields as high as 88.6% were observedfor the condi-
tions tested. Extraction yield was strongly dependent on salinity, 
and was found to increasewith increasing shaker agitation rate, 
decreasing solid to liquid ratio, and decreasing particle size.

Van Hoogevest, P. and A. Wendel, Eur. J. Lipid Sci. Technol. 116: 
1088–1107, 2014, http://dx.doi: 10.1002/ejlt.201400219.

In pharmaceutical formulations, phospholipids obtained 
from plant or animal sources and synthetic phospholipids are 
used. Natural phospholipids are purified from, e.g., soybeans or 
egg yolk using non-toxic solvent extraction and chromatographic 
procedures with low consumption of energy and minimum possi-
ble waste. Because of the use of validated purification procedures 
and sourcing of raw materials with consistent quality, the result-
ing products differing in phosphatidylcholine content possess 
an excellent batch to batch reproducibility with respect to phos-
pholipid and fatty acid composition. The natural phospholipids 
are described in pharmacopeias and relevant regulatory guidance 
documentation of the Food and Drug Administration (FDA) 
and European Medicines Agency (EMA). Synthetic phospho-
lipids with specific polar head group, fatty acid composition can 
be manufactured using various synthesis routes. Synthetic phos-
pholipids with the natural stereochemical configuration are pref-
erably synthesized from glycerophosphocholine (GPC), which is 
obtained from natural phospholipids, using acylation and enzyme 
catalyzed reactions. Synthetic phospholipids play compared to 
natural phospholipid (including hydrogenated phospholipids), as 
derived from the number of drug products containing synthetic 
phospholipids, a minor role. Only in a few pharmaceutical prod-
ucts synthetic phospholipids are used. Natural phospholipids 
are used in oral, dermal, and parenteral products including lipo-
somes. Natural phospholipids instead of synthetic phospholipids 
should be selected as phospholipid excipients for formulation 
development, whenever possible, because natural phospholip-
ids are derived from renewable sources and produced with more 
ecologically friendly processes and are available in larger scale at 
relatively low costs compared to synthetic phospholipids.

Kharrat, N., et al., J. Agric. Food Chem. 62: 9118–9127, 2014, 
http://dx.doi: 10.1021/jf5029398.

Ascorbyl lipophilic derivatives (Asc-C2 to Asc-C18:1) were 
synthesized in a good yield using lipase from Staphylococcus 
xylosus produced in our laboratory and immobilized onto silica 
aerogel. Results showed that esterification had little effect on rad-
ical-scavenging capacity of purified ascorbyl esters using DPPH 

assay in ethanol. However, long chain fatty acid esters displayed 
higher protection of target lipids from oxidation. Moreover, com-
pared to ascorbic acid, synthesized derivatives exhibited an anti-
bacterial effect. Furthermore, ascorbyl derivatives were evaluated, 
for the first time, for their antileishmanial effects against visceral 
(Leishmania infantum) and cutaneous parasites (Leishmania 
major). Among all the tested compounds, only Asc-C10, Asc-C12, 
and Asc-C18:1 exhibited antileishmanial activities. The interaction 
of ascorbyl esters with a phospholipid monolayer showed that 
only medium and unsaturated long chain (Asc-C10 to Asc-C18:1) 
derivative esters were found to interact efficiently with mimetic 
membrane of leishmania. These properties would make ascorbyl 
derivatives good candidates to be used in cosmetic and pharma-
ceutical lipophilic formulations.

Grossert, J.S., et al., J. Am. Soc. Mass Spectrom. 25: 1421–1440, 
2014, http://dx.doi: 10.1007/s13361-014-0917-9.

Analysis of triacylglycerols (TAGs), found as complex mix-
tures in living organisms, is typically accomplished using liquid 
chromatography, often coupled to mass spectrometry. TAGs, 
weak bases not protonated using electrospray ionization, are 
usually ionized by adduct formation with a cation, including 
those present in the solvent (e.g., Na+). There are relatively few 
reports on the binding of TAGs with cations or on the mecha-
nisms by which cationized TAGs fragment. This work examines 
binding efficiencies, determined by mass spectrometry and com-
putations, for the complexation of TAGs to a range of cations 
(Na+, Li+, K+, Ag+, NH4 (+)). While most cations bind to 
oxygen, Ag+ binding to unsaturation in the acid side chains is 
significant. The importance of dimer formation, [2TAG + M]
(+) was demonstrated using several different types of mass spec-
trometers. From breakdown curves, it became apparent that two 
or three acid side chains must be attached to glycerol for strong 
cationization. Possible mechanisms for fragmentation of lithi-
ated TAGs were modeled by computations on tripropionylg-
lycerol. Viable pathways were found for losses of neutral acids 
and lithium salts of acids from different positions on the glyc-
erol moiety. Novel lactone structures were proposed for the loss 
of a neutral acid from one position of the glycerol moiety. These 
were studied further using triple-stage mass spectrometry (MS3). 
These lactones can account for all the major product ions in the 
MS3 spectra in both this work and the literature, which should 
allow for new insights into the challenging analytical methods 
needed for naturally occurring TAGs.    



Anderson, D.M.G., et al., J. Am. Soc. Mass Spectrom. 25: 1394–
1403, 2014, http://dx.doi: 10.1007/s13361-014-0883-2. 

Matrix assisted laser desorption ionization imaging mass 
spectrometry (MALDI IMS) has the ability to provide an enor-
mous amount of information on the abundances and spatial distri-
butions of molecules within biological tissues. The rapid progress 
in the development of this technology significantly improves our 
ability to analyze smaller and smaller areas and features within 
tissues. The mammalian eye has evolved over millions of years 
to become an essential asset for survival, providing important 
sensory input of an organism’s surroundings. The highly complex 

sensory retina of the eye is comprised of numerous cell types 
organized into specific layers with varying dimensions, the thin-
nest of which is the 10 mu m retinal pigment epithelium (RPE). 
This single cell layer and the photoreceptor layer contain the 
complex biochemical machinery required to convert photons 
of light into electrical signals that are transported to the brain by 
axons of retinal ganglion cells. Diseases of the retina, including 
age-related macular degeneration (AMD), retinitis pigmentosa, 
and diabetic retinopathy, occur when the functions of these cells 
are interrupted by molecular processes that are not fully under-
stood. In this report, we demonstrate the use of high spatial reso-
lution MALDI IMS and FT-ICR tandem mass spectrometry in 
the Abca4 (-/-) knockout mouse model of Stargardt disease, a 
juvenile onset form of macular degeneration. The spatial distri-
butions and identity of lipid and retinoid metabolites are shown 
to be unique to specific retinal cell layers.     


