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1. Executive summary 
 
As the major field crop in South Africa (SA), the production of maize often exceeds the 
local demand.  This creates a need for industry members to identify and diversify into 
downstream manufacturing opportunities for maize and maize products in order to spread 
their risk.  In addition there is a requirement for new markets for existing upstream maize 
products. 
 
A project proposal was submitted to the Maize Trust in early 2004 in response to a tender 
invitation.  This tender was subsequently awarded to the CSIR. 
 
The primary objective of this study is to compile a comprehensive document, for the 
benefit of the SA Maize Industry, on the results of available research and other related 
projects, both nationally and internationally, regarding the alternative utilisation of white 
and yellow maize, as well as of the products and by-products that are derived from both 
white and yellow maize.  The Maize Forum Liaison Committee indicated at the onset of the 
project that the remit of this study was to be expansive and should include all possibilities. 
 
Based on the inputs received at the workshop, and subsequent discussions with the Maize 
Trust, it was decided to procure and analyse market intelligence, patent and other 
intellectual property information for the following maize-derived products:  
 

¶ Lactic acid and polylactic acid  

¶ Plant-based pharmaceuticals 

¶ Food gum from maize fibre 

¶ Cyclodextrins 

¶ Fat replacers 

¶ Inositol 

¶ Herbicide from maize gluten meal 

¶ Ethanol from maize 
 
Information relating to DDGS has been included under the ethanol section.  It was 
originally contemplated to review genetically modified maize as one of the targeted 
products.  Although there appear to be some opportunities relating to this product 
category, it was decided that due to the product range being extremely broad, and to the 
fact that the focus of the study is on maize utilisation, as opposed to maize production, no 
further work would be undertaken for genetically modified maize.  Analysis of fermentation 
polymers as a product category was also not assessed as a product category, as 
fermentation products from maize have been covered in the lactic acid, the fat replacers, 
and the food gum sections. 
 
This document forms Part 2 of the final report and focuses on the assessment and 
collation of the market and patent information.  No recommendations have been made at 
as part of this report. 
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2. Introduction 
 
During 2004, the South African Maize Forum Liaison Committee extended an invitation to 
tender for the compilation of results of national and international research projects on 
alternative utilisation of maize and maize products.   
 
The remit of the tender was to achieve the following: 
 

¶ Identify opportunities regarding alternative uses for white and yellow maize, maize 
products and maize processing by-products; while considering prior and current 
national and international research projects that were or are being conducted on the 
same; 

¶ Further to this, evaluate and rank these opportunities, with regards to market 
attractiveness in accordance with the likelihood of commercial success. 

 
 
3. Methodology and approach 
 
This phase of the study focuses on Tasks 4 and 5 of the project, viz.  
 
Task 4: Procure market intelligence on selected opportunities and analyse 

information. 
 
Task 5: Procure patents and other intellectual property information on selected 

opportunities and analyse information. 
 
This document forms Part 2 of the final report and focuses on the assessment and 
collation of the market and patent information.  The activities and outcomes for Tasks 1-3, 
6 and 7 are discussed in separate reports. 
 
 
4. Biodegradable polymers 
 
Biodegradable polymers have been commercially produced for over twenty years; this 
niche market is, however, beset with a variety of barriers, including high prices and lack of 
an industrial infrastructure.  Several initiatives, led by major companies, relating to the 
manufacture of important biodegradable polymer products have failed; it is therefore 
important to take cognisance of the potential pitfalls when considering these products1. 
 
The term "biodegradable polymers" is well known; there are, however, no universal 
standards in place as to the definition of the term.  For example, several materials that are 
classified as biodegradable polymers include polyolefin-based compositions and polymers 
containing aromatic groups which micro-organisms have difficulty using as part of their 
metabolism.  Part of the current debate is defining an acceptable period of time for the 
biodegradation to be completed.  Most producers define a fully biodegradable polymer as 
a polymer that is completely converted by micro-organisms to carbon dioxide (CO2), water 
and humus.  In the case of anaerobic biodegradation, CO2, methane, and humus are the 
degradation products1. 
 

                                                 
1
 BCC report Biodegradable Polymers,  

http://www.the-infoshop.com/study/bc8100_biodegradable_polymers_toc.html 
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The major drivers for growth in the biodegradable polymers market primarily stems from 
mandated legislation.  The growing concern over pollution caused by non-biodegradable 
plastic wastes, and the rising cost associated with the transportation, maintenance, 
disposal, and energy consumption of such wastes is driving the change towards 
biodegradable polymers.  Although there is no strict regulation to enforce the usage of 
biodegradable polymers, there is in principle, government support, and is expected that 
stringent regulations will be enacted that will favour biodegradable polymers.  In the United 
States (US), for example, twenty two states have already enforced landfill taxes as an 
initial step toward building an environment-friendly society2. 
 
"Superior product performance properties coupled with competitive pricing is anticipated to 
enable biodegradable polymers replacing many applications catered by conventional 
polymers in the years to come," says Frost & Sullivan research analyst R P Bhaskaran.  
New end-user applications, such as computer parts, disposable razors and cameras, 
medical products, sports goods, and mobile phones, are being targeted and the 
performance characteristics required are being improved.  Companies manufacturing 
biodegradable polymers conduct extensive research and development to equip polymers 
with properties which enable them to cater to various applications, thereby increasing the 
scope of the product offering.  Biodegradable polymers are also being tried out in 
applications where conventional polymers are traditionally used.  These market 
innovations are expected to propel the growth of biodegradable polymers, particularly in 
the US3. 
 
Given that the biodegradable polymer market is emerging and demand is still low, the 
price of biodegradable polymers is comparatively higher than that of conventional 
polymers.  There is, however, a decreasing price trend in biodegradable polymer resins.  
This is due to the acceptance of biodegradable polymer products by environmentally 
conscious companies, which are replacing conventional polymers in numerous 
applications.  The unique properties of biodegradability also translate into lesser disposal 
costs.  "The price is expected to further decrease due to innovative manufacturing 
practices, market innovation and distinctive product features that are likely to create 
demand in the market," states Bhaskaran.  Although there are no benefits offered by 
government to support this industry, it is anticipated that regulations favouring 
environmental protection will increase demand for biodegradable polymers.  Examples of 
biodegradable polymers, including those derived from starch, are given in Table 1. 

                                                 
2
 Frost & Sullivan market report on US biodegradable polymers markets, March 2004 

3
 Ibid. 
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Table 1: Biodegradable polymers by chemical type4 
 

Polymer 
Raw material / 

source 
Means of 

preparation Examples of manufacturers
5
 

Poly(lactic acid) Glucose Chemical 

Cargill, Cargill Dow JV, Chronopol, Bimo 
Italia, Autobar, Mitsui Chemicals, Shimadzu, 
Dainippon Ink, Argonne National Laboratories, 
Corncard International, Michigan 
Biotechnology Institute 

Proteins
a 

Milk, hair, meat, 
feathers, 
potatoes, wheat, 
grass. 

Isolation and/or 
chemical 

 

Cellulose
b 

Trees, cotton Isolation  

Starch
c Potatoes, wheat, 

maize 
Isolation 

Biotec GmbH, Bioplastics, the Mellita Group, 
Novamont, Biocorp Inc., Earthshell, Storopack 

Polyhydroxyalkanoate Glucose Biotechnological 
ICI, Zeneca, Biopol Monsanto, Metabolix, 
Dupont, Eastman, Showa High Polymer, 
BASF, Bayer, Nippon Shokubai, Mitsubishi 
Gas Chemical, Sekisui Kasei 

Aliphatic polyesters Oil Chemical 

Polycaprolactone Oil Chemical  

Polyamide Oil Chemical  

Polyvinylalcohol Oil Chemical  

Others 
Soy protein-based plastics, polymers based on synthetic genes, loose fill from maize, 
polyoxyethylene, thermoset amino proteins, lignin-based biodegradable polymers, 
biodegradable polymers from soybeans, biodegradable plastic using coconut shells 

a 
Proteins like casein, collagen and keratin are suitable for use in packaging materials, due to their 

relatively low cost price. Protein films have good barrier properties for oxygen and carbon dioxide, 
however, a disadvantage of proteins is their susceptibility to water and brittleness in dry state. 

b 
Cellulose polymers such as cellophane, by derivatisation of cellulose, cellulose-ethers can be obtained, 
e.g. methyl cellulose, hydroxypropylmethyl cellulose, hydroxypropyl cellulose and carboxymethyl 
cellulose.  The films are oil and grease resistant, water soluble, flexible, transparent, odourless and have 
reasonable oxygen and humidity barriers.  

c
 Starch is the most widely used and produced biodegradable polymer. The thermoplastic properties of 

starch can be improved by blending with synthetic biodegradable polymers, like polyvinylalcohol or 
polycaprolactone.  

d Polyhydroxyalkanoates (microbiological polyesters) are produced through fermentation of e.g. glucose 

by micro-organisms.  Copolymers of hydroxyvalerate and hydroxybutyrate are thermoplastic. These 
polymers are resistant to humid and have good barrier properties for oxygen and flavour.  

 
4.1 Lactic acid 
 
4.1.1 Background 
 
Lactic acid or 2-hydroxypropionic acid is an "alpha-hydroxy-acid" (AHA) and exists as in 
racemate form, made up of stereo-isomers (Figure 1).  The isolated acid is a white 
crystalline solid which is hygroscopic.  It is typically manufactured and consumed as a 
concentrated solution of around 88%.  In this form lactic acid exists not only as individual 
molecules, but oligomers and polymers.  In addition, lactic acid can self-esterify providing 
a mixture of esters in equilibrium with acid and oligomers.  Purifying lactic acid can, 
therefore, be a challenge.  Synthetic lactic acid made from petrochemical feedstocks is 
optically inactive, i.e. a racemate mixture.   

                                                 
4
 http://www.pscg.nl/eng/activiteiten/onderzoek/bioafbreekb/typenbioafbr.html; accessed 25/8/2005. 

5
 Business Communications Company market report on biodegradable polymers; August 2001 

http://www.pscg.nl/eng/activiteiten/onderzoek/bioafbreekb/pla.html
http://www.pscg.nl/eng/activiteiten/onderzoek/bioafbreekb/eiwitten.html
http://www.pscg.nl/eng/activiteiten/onderzoek/bioafbreekb/cellulose.html
http://www.pscg.nl/eng/activiteiten/onderzoek/bioafbreekb/zetmeel.html
http://www.pscg.nl/eng/activiteiten/onderzoek/bioafbreekb/pha.html
http://www.pscg.nl/eng/activiteiten/onderzoek/bioafbreekb/typenbioafbr.html
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Lactic acid made biochemically by fermentation is optically active, and suitable organisms 
can selectively produce laevo- or dextro- rotatory enantiomers.  Salts of lactic acid, 
however, tend to be found in the laevo state only6. 
 
Lactic acid has a wide range of beneficial end-uses relating to food preservation, flavour 
enhancement, deep skin treatment, etc.  Lactic acid serves a variety of functions in food, 
including flavouring, pH regulation, and preservation.  It is widely used in flavourings 
(including dairy, meat and mild fruit flavours), as well as being used in a number of 
processed food sectors, including cheese and spreads, pickles, sauces and dressings, 
meats, sugar confectionery (where it helps prevent degradation of sugar and gelling 
agents) and speciality breads. It has been particularly popular in low fat foods, where it is 
used to control pH levels.  Other non-food applications include plastics, pharmaceuticals, 
emulsifiers, and cosmetics, each of which accounts for around 10 to 15% of the total world 
market.  Examples of specialised lactic acid end-uses include dialysis media and 
pharmaceutical intermediates 
 

 
 
Figure 1: Different chemical forms of lactic acid 
 
 
Lactic acid is now commercially produced on large scale through the fermentation of sugar 
feedstocks obtained from sugar beets or sugar cane, or from the conversion of starch from 
maize, potato peels, or other starch sources.  Lactic acid is mainly produced through 
fermentation processes, although synthetic routes also exist.  Musashino, in Japan, is the 
only synthetic lactic acid producer.  The scale of lactic acid production has been rising 
significantly in order to supply feedstock for the production of polylactide polymer, 
principally the Cargill Dow NATUREWORKS® plant7. 
 
4.1.2 Market information 
 
The international lactic acid market has performed well in recent years, as it has a wide 
range of applications in the processed foods market.  Total world demand was put at 
168 000 tonnes in 2001, of which food use accounts for around 50% or 84 000 tonnes.  
This equates to a market value of US$130 million.8 

                                                 
6
 http://www.chemsystems.com/newsletters/perp/jun02_01-s3abs.cfm; accessed 13/07/05. 

7
 Ibid. 

8
 Leatherhead market report on the food additives market: global trends and developments; May 2002 

http://www.chemsystems.com/newsletters/perp/jun02_01-s3abs.cfm
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Many new applications and the increasing number of existing applications in new markets 
are leading to annual growth of over 10% in the market for lactic acid and lactic acid 
derivatives.  This growth is being driven by concerns about food safety, health and the 
environment.  Lactic acid and lactic acid derivatives are used mainly in the food market, 
but pharmaceuticals, the cosmetics industry, technology and the animal feed industry are 
also important market segments.  The use of lactic acid and lactic acid derivatives in food 
production offers some essential advantages, such as longer shelf life, pH regulation, 
improved taste profiles and mineral enrichment.  For example, the food safety regulations 
of the US Department of Agriculture are prompting the US meat-processing industry to use 
products like PURASAL Opti.FormÊ, an extremely effective meat preservative.  In Europe 
the ban on antibiotics in animal feed is increasing the use of lactic acid as an alternative to 
promote the health and growth of livestock.9 
 
Lactic acid prices have been relatively stable in recent years, with supply and demand 
fairly balanced, but the start of production in China has led to a certain amount of cheaper 
material entering the market, thus reducing value growth somewhat.  Volume growth is 
between 5 and 8% per annum.  Growth is strongest in developing markets where 
processed foods are becoming more widely available and affordable.  The European and 
US markets are comparatively mature although some future growth is expected10. 
 
Unparalleled global demand growth for lactic acid of up to 14% per year is possible, 
provided polylactides and lactate esters are commercially successful11.  The demand for 
fermented organic acids (of which lactic acid is one) is projected to increase at a rate of 
5.26%, compounded annually, through 2010, to be about US$6.04 billion by 201012.  It has 
been estimated that a wide range of products, with the US market size exceeding 5 billion 
pounds/year, and product values exceeding $3 billion/year, could be potentially 
manufactured from lactic acid13.  Cargill Dow believes that the world market could be as 
much as 1.4 million tonnes14. 
 
Many companies are involved in manufacturing lactic acid these days, and all have a 
common problem in that there are limited application areas due to high production costs.  
There is a larger scope for lactic acid usage, however, if manufacturers sell lactic acid at a 
lower price, which in turn depends on the creation of innovative new production 
technologies and in exploring new application areas.  A new production technology should 
offer a solution to high cost, inefficiency, and polluting problems associated with the 
existing production processes.  Some companies have already embarked on R&D 
missions to address the issues.  On solving these problems, demand for lactic acid is 
predicted to significantly increase. 
 
Table 2 lists the leading two lactic acid players and their market share between 2000 and 
2004.  Tables 3, 4 and 5 also provide world market and sales information on lactic acid. 

                                                 
9
  CSM annual report for 2004 

10
  Ibid. 

11
 http://www.chemsystems.com/newsletters/perp/jun02_01-s3abs.cfm; accessed 13/07/05. 

12
 Global Industry Analysts market report on fermentation chemicals; October 2004 

13
 http://www.ag.uidaho.edu/fst/a_g_research.htm; accessed 13/07/05. 

14
 http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non; accessed 13/07/05. 

http://www.chemsystems.com/newsletters/perp/jun02_01-s3abs.cfm
http://www.ag.uidaho.edu/fst/a_g_research.htm
http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non
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Table 2: Leading players15 in the world market for lactic acid (2000 & 2004)a 
 

Company 2000 2004 

Purac-Cargill 70.2 65.8 

ADM 15.8 16.1 

Others 14.0 18.1 

Total 100.0 100.0 
a 

Percentage breakdown of volume production by company 

 
 
Lactic acid can be polymerised to produce polylactic acid (PLA), which is already finding 
commercial applications in drug encapsulation and biodegradable medical devices16.  In 
considering how large the lactic acid complexes could become, Cargill Dow has publicly 
stated its belief that a 500 000 tonnes per year polylactide market will exist in the world by 
2010, and two additional polylactide plants are being considered. 
 
 

                                                 
15

 Global Industry Analysts market report on lactic acid; April 2004 
16

 http://www.gwu.edu/~cistp/PAGES/biotech3.pdf; accessed 13/07/05. 

http://www.gwu.edu/~cistp/PAGES/biotech3.pdf
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Table 3: Annual sales17 for the years 2000 through 2010 in US$ milliona 
 

Product group 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Organic acid 3618 3778 3958 4150 4362 4591 4840 5113 5400 5712 6039 

Polymers and biogums 772 798 828 862 900 944 993 1047 1109 1183 1263 
a 

Product groups independently analysed - bulk antibiotics, alcohol, enzymes, organic acid, vitamins, polymers & biogums, and other fermentation chemicals 
 
 

Table 4: World market for lactic acid18: a current and future analysis (annual sales for the years 2001 through 2010 in '000 pounds)a 

 
Region/country 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

US 66 142 69 224 72 599 76 361 80 602 85 439 90 940 97 251 104 582 113 221 

Canada 10 021 10 429 10 878 11 378 11 943 12 586 13 319 14 161 15 138 16 286 

Japan 17 219 17 845 18 537 19 311 20 190 21 195 22 346 23 670 25 207 27 016 

Europe 39 019 40 492 42 118 43 929 45 978 48 313 50 981 54 048 57 608 61 792 

Asia-Pacific 10 511 10 858 11 242 11 672 12 1611 12 724 13 372 14 124 15 002 16 042 

Middle East 6 655 6 848 7 063 7 305 7 581 7 900 8 268 8 695 9 193 9 784 

Latin America 8 191 8 442 8 720 9 032 9 387 9 795 10 264 10 807 11 439 12 186 

Rest of world 4 991 5 138 5 301 5 483 5 690 5 925 6 195 6 505 6 867 7 293 

Total 162 752 169 279. 176 462 184 475 193 536 203 881 215 689 229 264 245 041 263 624 
a 

Geographic regions independently analysed - US, Canada, Japan, Europe, Asia-Pacific (excluding Japan), Middle East, Latin America, and rest of world
 

 
 

Table 5: World market for lactic acid19: a current and future analysis (annual sales for the years 2001 through 2010 in '000 dollars)a 

 
Region/country 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

US 79 371 83 061 87 108 91 611 96 689 102 479 109 066 116 623 125 403 135 750 

Canada 11 023 11 471 11 962 12 507 13 122 13 823 14 624 15 545 16 614 17 872 

Japan 18 941 19 624 20 380 21 224 22 184 23 282 24 539 25 986 27 666 29 643 

Europe 44 872 46 539 48 384 50 444 52 779 55 447 58 500 62 016 66 103 70 913 

Asia-Pacific 9 460 9 769 10 111 10 495 10 934 11 435 12 010 12 677 13 459 14 387 

Middle East 5 990 6 162 6 354 6 570 6 817 7 102 7 431 7 812 8 259 8 788 

Latin America 7 372 7 591 7 835 8 110 8 425 8 789 9 210 9 698 10 268 10 944 

Rest of world 4 492 4 623 4 769 4 931 5 116 5 326 5 567 5 844 6 167 6 548 

Total 181 523 188 844 196 905 205 896 216 069 227 685 240 950.06   256 205 273 944 294 847 
a Geographic regions independently analysed - US, Canada, Japan, Europe, Asia-Pacific (excluding Japan), Middle East, Latin America, and rest of world 

                                                 
17

 Global Industry Analysts market report on fermentation chemicals; October 2004 
18

 Global Industry Analysts market report on lactic acid; April 2004 
19

 Ibid. 
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(a) Acidulants market size 
 
There is a wide range of acidulants (of which lactic acid is one) used in the international 
food and drinks market, serving a broad range of applications, thus making it difficult to 
collate data on this sector.  It is estimated that, in 2001, world food and drinks use of 
13 major types of acidulant totalled 1.46 million tonnes, valued at around US$2.4 billion 
(Table 6).  Sales are estimated to be up from 1.2 million tonnes in 1998, when the market 
was worth US$2.17 billion.20 
 
Table 6: World acidulants market (food and drink use only) by volume, value and by 

type (2000 ï 2001) 
 

 
Volume ('000 tonnes) Value (US$ x million) Estimated % share of food 

use in total market 2000 2001
a
 2000 2001

a
 

Citric acid 710 745 1 020 1 070 71 

Sorbic acid
b
 28 29 270 280 80 

Phosphoric 
acid

b
 

210 212 200 202 19 

Benzoic acid
b
 47 48 190 195 9-10 

Acetic acid 160 165 160 165 2-3 

Ascorbic acid 32 33 175 130 40 

Lactic acid 80 84 125 130 50 

Malic acid 41 43 75 78 95 

Tartaric acid 7 8 40 42 25 

Propionic acid
b
 35 36 36 37 15-16 

Adipic acid 20 20 30 30 <1 

Fumaric acid 17 17 28 28 22 

Gluconic acid
c 

20 20 20 20 na 

Total 1 407 1 460 2 369 2 407 9-10 
a
 estimation 

b 
including respective salts - sorbates, phosphates, benzoates, and propionates - which represent the 
majority of food use 

c 
primarily used as gluconates or glucono-delta-Iactone 

 
 
Growth in the acidulants market varies considerably depending on the product.  Many of 
the most important acidulants are showing annual increases of around 4 to 5%, and are 
showing strongest growth in the developing markets of the world.  As more highly 
processed food and drinks become increasingly established in the developing regions of 
the world, demand for acidulants is rising, with growth in regions such as the Asia Pacific 
and Latin America outstripping that seen in the developed European and North American 
markets.  There are, however, many acidulant varieties for which demand is currently 
relatively static.  These are mainly those products with a limited number of applications 
and those most widely used in more traditional and established food sectors. 21 
 
(b) Future trends for acidulants 
 
It is forecast that the international acidulants market will increase at a rate of around 3 to 
4% per annum by volume and 1 to 2% by value over the next 5 years, hitting a level of 
1.65 million tonnes in 2005, worth US$2.55 billion.  A brief analysis of trends in demand for 
acidulants by type is presented in Table 7.   

                                                 
20

 Leatherhead market report on the food additives market: global trends and developments; May 2002 
21

 Ibid. 
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Figures are only given for volumes, with values being highly changeable depending on 
price movements.  Some sectors, such as citric, ascorbic, and possibly malic and fumaric 
acid, are likely to see prices fall, over the next four to five years as Asian competition 
continues to impact on the market.  This accounts for the slower rate of growth in the 
overall value compared with the market volume. 
 
Table 7: Trends in the world acidulants market by volume, 1998-2005  
 

 
Volume ('000 tonnes) % Change per annum 

1998 2001
a
 2005

a
 1998-2001 2001-2005 

Citric acid 590 745 870 +8.1 +4.0 

Sorbic acid
b
 25 29 32 +5.1 +2.5 

Phosphoric acid
b
 200 212 220 +2.0 +0.9 

Benzoic acid
b
 43 48 53 +3.7 +2.5 

Acetic acid 150 165 178 +3.2 +1.9 

Ascorbic acid 25 33 37 +9.7 +2.9 

Lactic acid 70 84 105 +6.3 +5.7 

Malic acid 38 43 51 +4.2 +4.4 

Tartaric acid 7 8 9 +4.6 +3.0 

Propionic acid
b
 32 36 38 +4.0 +1.4 

Adipic acid 20 20 20 nc nc 

Fumaric acid 15 17 18 +4.3 +1.4 

Gluconic acid
c
 20 20 20 nc nc 

Total 1 235 1 460 1 651 +5.7 +3.1 
a
 estimation 

b 
includes derivative salts - sorbates, phosphates, benzoates and propionates  

c 
primarily used as gluconates or glucono-delta-Iactone 

 
 
Acidulants are used in a wide range of food and drinks sectors, with different varieties of 
acidulant being affected in very different ways by general trends in the food market. 
 
The acidulants industry worldwide has to be considered as several distinct categories as 
many of the sectors are contested by very dissimilar companies.  The standard acidulants, 
such as citric acid, malic acid and fumaric acid, tend to feature similar firms, with names 
such as Tate & Lyle, ADM, Jungbunzlauer, Bartek and Lonza cropping up in several 
categories.  In other areas of the acidulants market, the industry is dominated by major 
chemical producers such as Celanese and BASF of Germany, or Eastman Chemicals of 
the US.  These companies tend to produce food-grade acids as a sideline to their main 
industrial chemical production.  In some sectors, specialist producers can be found.  This 
is particularly the case in the lactic acid sector. 
 
The lactic acid industry is dominated by three or four major producers.  By far the largest 
of these is Purac, a specialist lactic acid and lactates firm owned by Dutch food ingredients 
and foodstuffs business CSM, which began production of lactic acid in 1935.  It is reported 
that Purac accounts for over half of the international market.  It has five production plants 
(Netherlands, Spain, Brazil, two at Blair in Nebraska, US, with one plant producing lactic 
acid and one derivative.  In addition to the production sites, Purac also operates a number 
of sales offices across the world, including offices in the UK, France, Hungary, Germany, 
Russia, Poland, Japan; China, and Singapore.  Purac's standard lactic acid products are 
sold under the Purac brand, although the Company offers a wide range of lactates and 
other derivatives under other names.  These include Puracal, Purasal, Puramex, Purasolv, 
and Purasorb. 
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Galactic is the world's second largest lactic acid producer.  As with Purac, it is a specialist 
lactic acid firm.  It is a joint venture business created in 1994 and owned by Groupe 
Sucrier, Belgium's second largest beet sugar producer, and the company management.  It 
has been manufacturing lactic acid from a site at Escannafles since 1995 and, by 2000, its 
capacity had reached over 15 000 tonnes.  Its main lactic acid products are sold under the 
Galacid brand, although it offers a range of lactates and esters under other names, 
including Galaxium, Galaflow, Galanium and Galaster. 
 
Other important competitors in the international lactic acid market include Archer Daniels 
Midland (ADM) of the US, and Musashino of Japan.  Besides these firms, the remainder of 
the market is supplied by several smaller European and Far Eastern firms. 
 
4.2 Polylactic acid 
 
4.2.1 Background 
 
Polylactic acid (PLA) has become a significant commercial polymer.  Its clarity makes it 
useful for recyclable and biodegradable packaging, such as bottles, yogurt cups, and 
candy wrappers.  It has also been used for food serviceware, lawn and food waste bags, 
coatings for paper and cardboard, and fibres for clothing, carpets, sheets and towels, and 
wall coverings.  In biomedical applications, it is used for sutures, prosthetic materials, and 
materials for drug delivery22.  In the past producers have been small-scale, preparing 
materials with biodegradability/compostability as the major demand driver.  PLA production 
involves converting sugar into lactic acid23.  PLA synthesis proceeds via a lactide 
intermediate that can use either a chiral form of lactic acid, or combinations thereof to 
produce polymers with tailored properties for fibres, thermoforming, even injection and 
blow moulding grades24. 
 
4.2.2 Market information 
 
The bioplastics sector has evolved into a highly competitive and dynamic market involving 
large multi-nationals and integrated global supply chains.  Market projections for 
bioplastics in Europe range between 20 to 30% of the total plastics market, and worldwide, 
multi-nationals are actively seeking plant locations to complete their supply and distribution 
chains25.  Various examples of PLA products are listed in Table 8. 

                                                 
22

 http://www.gwu.edu/~cistp/PAGES/biotech3.pdf; accessed 13/07/05 
23

 http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non; accessed 13/07/05 
24

 http://www.chemsystems.com/newsletters/perp/jun02_01-s3abs.cfm; accessed 13/07/05 
25

 http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non; accessed 13/07/05 

http://www.gwu.edu/~cistp/PAGES/biotech3.pdf
http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non
http://www.chemsystems.com/newsletters/perp/jun02_01-s3abs.cfm
http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non
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Table 8: Examples of PLA products 
 

Product Manufacturer 

Polylactides: 

NATUREWORKS®  Cargill Dow 

ECOPLA® Original Cargill Product 

LACTY® Shimadzu 

HELPON® Chronopol 

LACEA® Mitsui 

Other product families include: 

BIOPOL® ICI/Monsanto 

TONE® DOW, Originally UCC 

METABOLIX® Metabolix 

BIONELLE® Showa High Polymer 

MATER-BI® Novamont 

BIOMAX ®  DuPont 

 
Of these only a few have been commercial successes26. 
 
The PLA product called NatureWorksTM, which is produced by Cargill, is the foundation for 
industrial and apparel fibres, packaging, and loose-fill, with an estimated world market of 
over USD$10 billion27.  NATUREWORKS® technology is based on lactic acid with a 
synthesis proceeding via a lactide intermediate.  This is an important step as the lactide 
can be made from either or both chiral components - the "D" and "L" forms providing a 
chiral intermediate which upon opening and polymerisation provide different polymers with 
tailored properties28. 
 
Demand for the polymer has been so strong that construction of a second plant is likely to 
begin within a few years and Cargill Dow projects a possible market of 3.6 million tonnes 
by 2020.  Cargill Dow is targeting the food-packaging and fibre / fibrefill applications 
markets.  The high stiffness, superior clarity and gloss, dead-fold, grease resistance, and 
unique flavour and aroma barrier properties of PLA combined with its environmentally 
friendly profile are opening inroads in the packaging industry.  Cargill Dow has teamed 
with a number of domestic and international consumer product packaging companies 
including The Coca-Cola Company (soft drink cups) and Sony Pacific (blister packaging 
and film wrap for radios and mini-discs).  PLA fibre combines the most desired properties 
of natural fibres, such as wool, and synthetics, such as polyester.  This combination of 
properties opens up a wealth of textile applications including clothing, carpet tiles, diapers / 
acquisition distribution layers, upholstery, furnishings, and filtration.  PLA has a high 
dyeability, and in comparison with polyester in active wear, it displays superior wicking 
properties.  Cargill Dow currently relies on maize grain as a source of glucose for PLA 
production, but is working to develop fermentation organisms that convert pentose sugars 
as well as glucose into polylactide.  This would enable the use of lignocellulosic material 
such as maize stover and rice straw, decreasing production costs and providing a higher 
value outlet for low value agricultural residues.29 
 
Though development in the use of PLA is moving at a slower rate than was expected a 
few years ago, interest is still growing in this product.  NATUREWORKS® will be produced 
at 140 000 tonnes/ year in Blair, Nebraska.   

                                                 
26

 CSM annual report for 2004 
27

 http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non; accessed 13/07/05 
28

 http://www.chemsystems.com/newsletters/perp/jun02_01-s3abs.cfm; accessed 13/07/05 
29

 TM Carole, J Pellegrino and MD Paster.  (2004).  Opportunities in the Industrial Biobased Products 
Industry.  Applied Biochemistry and Biotechnology 113ï116: 871-885. 

http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non
http://www.chemsystems.com/newsletters/perp/jun02_01-s3abs.cfm
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Integration of the maize value chain with Cargill, Purac and Cargill Dow can give PLA a 
cost-competitiveness with conventional polymers and offers performance properties equal 
to or greater than those offered by conventional polymers such as polyethylene 
terephthalate (PET) and nylon30.  New applications are emerging in, for example, the 
automobile industry, and other companies besides Cargill have decided to explore the 
production possibilities of PLA.  In the long run this will exert a positive influence on the 
demand for lactic acid as a raw material for PLA31. 
 
It has already been noted that price is a major deterrent for PLA market penetration.  Even 
at disposal savings costs of about $0.30/pound, PLA would still be at least three times 
more costly than polyethylene.  PLA is expensive to make; the lactic acid raw material cost 
for polylactide is $2 to $3 per pound, which is relatively high for a plastic competing with 
polystyrene.  For polymers like PLA, a very pure lactic acid is needed, either pure D-lactic 
acid or pure L-lactic acid.  Using impure forms leaves crystalline areas in the polymer, 
which weakens it considerably and causes it to degrade rapidly32.  At this stage, the price 
of PLA is far too high to make it economically competitive with even polystyrene.  
However, once lactic acid use is established in plastics, its consumption should increase. 
 
4.3 Other lactic acid derived chemicals 
 
Solvents contribute to the manufacture of numerous products such as pharmaceuticals, 
paints, inks, and microchips and are used across many industries.  Different applications 
require specific solvating or other properties, and solvents can be blended to achieve the 
desired properties.  Growing concern over volatile organic compounds and other 
emissions is motivating manufacturers to modify processes to capture and recycle 
solvents, reduce solvent use, or switch to solvents with better environmental profiles.  A 
bio-based solvent that is benefiting from this shift is the lactic acid derivative, ethyl lactate. 
 
Ethyl lactate is an environmentally benign solvent with properties superior to many 
conventional petroleum-based solvents; it can be blended with methyl soyate derived from 
soybean oil to create custom-tailored solvents for various applications.  Until recently, the 
use of ethyl lactate has been limited owing to high production costs; selling prices for ethyl 
lactate have ranged between US$3.30 and US$4.40/kg, compared with US$2.00 and 
US$3.75/kg for conventional solvents.  With advances in lactic acid fermentation, and 
separations and conversion technologies, retail costs have been driven down as low as 
US$1.87/kg.  The US Department of Energy has co-funded lactic acid separation 
technology involving the use of electrodialysis, advanced membranes, and reactive 
separations capable of converting the lactic acid salts made during fermentation directly 
into ethyl lactate.  More than 4.5 million tonnes of solvents are used in the US annually, 
and it has been suggested by industry experts that ethyl lactate could replace conventional 
solvents in more than 80% of these applications.  Vertec Biosolvents Inc. is currently using 
ethyl lactate in soy oil-solvent blends and applications that they are targeting include 
conventional solvents that are under environmental scrutiny such as methylene chloride, 
methyl ethyl ketone, and N-methyl pyrrolidone.  Table 9 lists the selling prices of some 
common solvents.33 

                                                 
30

 Ibid. 
31

 CSM annual report for 2004 
32

 Business Communications Company market report on biodegradable polymers; August 2001 
33

  TM Carole, J Pellegrino and MD Paster.  (2004).  Opportunities in the Industrial Biobased Products 
Industry.  Applied Biochemistry and Biotechnology 113ï116: 871-885. 
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Table 9: Selling price of common solvents34 
 

Product Price ($/kg) 

Methyl soyate 0.66 ï 1.00 

Aqueous cleaners approx. 2.65 

Semi aqueous cleaners approx. 8.90 

M-Methyl pyrrolidone 3.30 ï 4.00 

d-Limonene up to 0.88 

Methylene chloride 0.66 

Trichloroethylene 1.43 

Methyl ethyl ketone 1.00 

Perchloroethylene 0.77 

 
 
Cargill Dow is producing ethyl lactate for use in microelectronics component 
manufacturing, coatings formulation, cleaners, degreasers, and paint strippers.  ADM and 
USANTEC Inc. also produce ethyl lactate under the brand name Versol and are targeting 
high performance solvent markets35.  In addition, large volume, low cost lactic acid could 
also give rise to the successful commercial development of cost competitive lactate esters 
(methyl, ethyl, butyl, etc) as substitutes to those derived from petrochemical sources such 
as MEK, IPA, etc. 
 
4.4 Information on lactate-related production companies 
 
ADM, CSM (Purac), Cargill, Galactic and Musashino Chemical Laboratory appear to be 
the top five companies in the lactic acid and biodegradable industries.  Table 10 list some 
of the other key industry players. 

                                                 
34

 TM Carole, J Pellegrino and MD Paster.  (2004).  Opportunities in the Industrial Biobased Products 
Industry.  Applied Biochemistry and Biotechnology 113ï116: 871-885. 

35
 http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non; accessed 13/07/05 

http://www.agr.gc.ca/misb/spec/index_e.php?s1=bio&page=non
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Table 10: Key players in the lactic acid36 and biodegradable polymers37 industriesa  
 

Lactic acid Biodegradable polymers 

Akwawit S.A - Poland American Excelsior - US 

ADM - US Avebe - The Netherlands 

Cargill, Inc. - US Basf - US 

Chr. Hansen A/S ï Denmark Bayer Corporation - US 

Csm (Purac) Nv - The Netherlands Biocorp - US 

Ferro Pfanstiehl Laboratories, Inc. - US Bioplastics, Inc. - US 

Fleurchem Inc. - US Birmingham Polymers - US 

Fuso Chemical Co., Ltd Cargill Dow - US 

Galactic Sa - Belgium Chronopol - US 

Henan Jindan Lactic Acid Industrial Co. Ltd - 
China 

Daicel Chemical Industries - Japan 

Hunan Anhua Lactic Acid Factory Dainippon Ink - Japan 

Kn Biotech Pvt., Ltd Dupont - US 

Lactochem Limited -India Duro Bag Corporation - US 

Musashino Chemical Laboratory Ltd - Japan Earthshell Corporation - US 

Peter Whiting (Chemicals) - UK Eastman Chemical - US 

Rhodia Sa - France Ecm Biofilms, Inc. - US 

Rifa Industrial Company Ltd Enpac (Environmental Packaging Lp) - US 

S.C. Chimopar S.A. Environmental Polymers Group Plc - UK 

Sangita Bio Chem Ltd - India Environmental Technologies Company - Japan 

Shanghai Liming Trade and Industrial Co., Ltd Fp International (Fpi) - US 

Shenlian Chemical Co., Ltd. Gunze - Japan 

Showa Chemical Industry Co., Ltd Idroplast Spa - Italy 

Takeda Chemical Industries Ltd - Japan Japan Corn Starch Co., Ltd. - Japan 

Takeda Chemical Industries Ltd subsidiary  Kuraray Company - Japan 

Xi'An Siqiang Biotechnology Co. Mazin International - US 

Yancheng Huade Biological Engineering Co. Ltd Metabolix - US 

 

Millennium Plastics Corporation - US  

Mitsubishi Gas Chemical (Mgc) - Japan  

Mitsui Chemicals - US 

Monsanto - US  

National Starch and Chemical - US  

Nippon Shokubai - Japan  

Novamont Spa - Italy  

Novon International - US  

Novon Japan Inc. - Japan  

Planet Polymer Technologies - US 

Shimadzu Company - Japan 

Showa High Polymer - Japan 

Solvay Polymers - US 

Stoll Papierfolien - Germany 

Storopack, Inc. - US 

Symphony Environmental, Ltd. - UK 

Symphony Plastic Technologies - UK 

Sunkyong Ltd. - Korea 

Union Carbide - US 

Vtt Chemical Technology - Finland 
a highlighted companies were further investigated and some additional information regarding their lactic 

acid and related polymer research and products are provide below 
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 Global Industry Analysts market report on lactic acid; April 2004 
37

 Business Communications Company market report on biodegradable polymers; August 2001 
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Recent industry activity with regard to some of the key players38: 
 

¶ BBCA Biochemical ventures with Galactic 
¶ Codexis Inc. forms alliance with Cargill Dow 
¶ Ashland Specialty Chemical enters into distribution agreement with Cargill Dow 
¶ Purac and Cargill joint venture inks an agreement with Cargill Dow LLC 
¶ Cargill Dow establishes a PLA-based polymers facility 
¶ Dai-Ichi Kogyo Seiyaku markets plasema L110, new resin emulsion  
¶ Cargill Dow Polymer establishes PLA plant 
¶ Cargill Dow LLC awards contract to Washington group 
¶ Purac expands lactic acid production capacity in Brazil 
¶ Chr. Hansen BioSystems renovates lactic acid bacteria plant 
¶ Jiangxi starts production of lactic acid 
¶ Calpis and Monsanto form licensing agreement 
¶ USDA agricultural research service applies for patent 
¶ Microbax establishes plant 
¶ Interspice Biotech establishes lactic acid processing facility  

 
4.4.1 Archer Daniels Midland Company39 
 
ADM is one of the largest agricultural processors in the world.  ADM processes crops into 
food ingredients, animal feed ingredients, renewable fuels and naturally derived 
alternatives to industrial chemicals.  ADM operates processing and manufacturing facilities 
across the US and worldwide. 
 
ADMôs primary products are sweeteners, including high fructose maize syrup, 
bio-products, including ethanol used to increase octane in gasoline, and such specialty 
products as feed additives (lysine, threonine), and citric acid.  ADM are the worldôs largest 
maize processor with largest market share in both high fructose maize syrup and 
ethanol40

. 

 
Some of the product categories where lactic acid is involved include (i) acidulants (ADM 
citric, lactic and gluconic acids are used for pH-control and sequestration in performance 
and industrial applications) and (ii) chemical Intermediates (many of ADMôs crop-based 
oils are increasingly used as chemical intermediates, and from downstream processing, 
citric acid and citrates, lactic acid and lactates, gluconic acid, sorbitol and glycerol are 
produced). 
 
4.4.2 BASF41 
 
BASF is a globally leading supplier of plastics - they have a portfolio of focused product 
lines and highly efficient marketing processes.  In the BASF Plastics segment, sales have 
increased significantly thanks to higher volumes and price increases.  The plastics 
segment comprises the styrenics, performance polymers and polyurethanes divisions. 
 

                                                 
38

 http://www.the-infoshop.com/study/go9442_lactic_acid_toc.html; accessed 24/08/2005 
39

 http://www.admworld.com/euen/; accessed 19/07/2005 
40

 ADM annual report for 2004 
41

  BASF 2004 Corporate report 
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BASF constantly seek new applications for their specialties, for example in automotive 
engineering.  Plastics already account for about 13% of the total weight of a medium-sized 
car, and this figure is expected to rise to 18% by 2007.  Plastics not only improve the 
performance, safety and comfort of cars, they can also make them more fuel efficient. 
 
BASF is improving its processes and cost structures in Europe, and are consolidating their 
business in North America.  In the rapidly growing Asian markets, they want to expand 
their position further.  They are increasingly building new plants for precursors together 
with partners. 

 
4.4.3 Cargill Dow42 
 
Founded in 1997, Cargill Dow LLC is based in Minnetonka, US.  It is the first company to 
sell a family of polymers derived entirely from renewable resources with the cost and 
performance necessary to compete with packaging materials and traditional fibres.  The 
company has achieved this by applying unique technology to the processing of natural 
plant sugars to create a proprietary polylactide polymer (PLA).  Cargill Dow has offices in 
The Netherlands and Japan. 
 
Cargillôs NatureWorks PLA is already highly sought after by the global marketplace as the 
first natural-based plastic resin versatile enough to fit packaging and fibre applications 
based on performance.  Cargill Dow has aggressively pursued a range of applications and 
successfully test marketed and launched products in Europe, Asia Pacific and North 
America.  Initial heavy market demand has come from the Asia Pacific Rim and Europe 
coinciding with needs based on their environmental issues.  In the US, Cargill launched 
the first Ingeo fibrefill bedding (pillows, comforters, etc.) with Pacific Coast Feather 
Company.  Additionally, venue cups made from NatureWorks PLA were used by The 
Coca-Cola Company at the 2002 Olympic Winter Games in Salt Lake City. 
 
Cargill Dow's facility in Blair, Nebraska has a full capacity of 300 million pounds 
(140 000 tonnes) of PLA per year.  Their lactic acid plant, located next to the polymer 
plant, has a capacity of 400 million pounds per year.  At full capacity, the Cargill Dow 
production facility will produce 300 million pounds of PLA per year (136 080 tonnes).  To 
produce this, 750 millions pounds (340 200 tonnes) of maize (15% moisture) are required.  
The total 2002 US maize for grain production was: 9 billion bushels or 504 billion pounds 
(1 bu = 1 bushel = 56 pounds = 25.4 kg).  At full capacity Cargill Dow will take 0.15% of the 
total maize for grain production in the US - less than one fifth of 1%. 
 
The average 2002 US maize for grain yield was 130 bu / acre43.  When the Cargill Dow 
PLA plant runs at full capacity, the total land required is approximately 103 000 acres 
(41 700 hectares, 160 square kilometres).  In 2002, more than 79 000 000 acres of maize 
was planted in the US.  The land use per kg PLA averages 3 square meters per kilogram 
of PLA (103 000 acres x 4 047 m2/acre / 136 080 000 kilograms = 3 m2/kg PLA).  Land 
used for maize production also generates other products in addition to the starch used to 
make dextrose for the Cargill Dow plant.  These additional products include germ, gluten 
meal, gluten feed and maize stover.  In life cycle assessment studies these additional 
products are properly allocated a share of the impacts associated with maize farming.  
Table 11 provides and overview of Cargillôs business sections and the respective products. 
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Table 11: An overview of Cargill Dow's business segments and examples of 

commercially available products. 
 

Business segment Commercially available applications 

Rigid thermoforms 

Clear, short shelf life trays and lids 

Opaque dairy containers 

Consumer displays & electronics packaging 

Disposable articles 

Cold drink cups 

Biaxially-oriented films 

Shrink wrap for consumer goods packaging 

Twist wrap candy and flower wrap 

Windows for envelopes, bags and cartons 

Bottles Short, shelf life milk and oil packaging 

Apparel 
Sport, active and underwear 

Fashion 

Non-wovens 

Agricultural and geo textiles 

Hygiene products (diapers and feminine hygiene) 

Wipes 

Shoe liners 

Blends with natural fibres - hemp, sisal and flax 

Household, industrial and institutional 
fabrics 

Bedding, drapery, table cloths, curtains, mattress ticking 

Wall and cubicle fabrics, upholstery 

Carpet Surface yarns and fibres 

Fiberfill 

Pillows 

Comforters 

Mattresses 

Duvets 

 
 
The first generation of PLA was produced from maize.  In other parts of the world, locally 
available crops such as rice, sugar beets, sugarcane, wheat or sweet potatoes can be 
used as starch/sugar feedstock.  Cargill Dow is also working to develop new conversion 
technologies to facilitate the use of lignocellulosic biomass feedstocks, such as maize 
stover, grasses, wheat and rice straws.  To produce PLA, 25 to 55% less fossil fuel is 
used.  NatureWorksÊ PLA emits less carbon dioxide because it uses renewable 
resources as a feedstock.  At the end of their useful life, NatureWorksÊ PLA products can 
be disposed of by all traditional waste management methods such as incineration, landfill 
and mechanical recycling.  NatureWorksÊ PLA has performance equal to or better than 
comparable petroleum-based products in many aspects. 
 
PLA resins will compete in certain applications where PET, PP, PE, PS or cellophane are 
currently used. 
 
4.4.4 CSM/ Purac44: 
 
CSM is an internationally operating company engaged in the development, production, 
sale and distribution of bakery supplies and food ingredients.  Their main product groups 
include bakery ingredients and products, lactic acid and sugar.  The company mainly 
produces lactic acid and lactic acid derivatives, gluconic acid and gluconates, biomaterials, 
lactitol and xylitol.  The company operates mainly in Europe and North, America but is also 
based in South America and Asia. 
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The section of the company involved specifically in lactic acid and it polymers is CSM 
Biochemicals and they operate in the market under the name of Purac.  As the global 
market leader in lactic acid and lactic acid derivatives, Purac produces natural lactic acid 
biochemically by means of fermentation.  Purac also specialises in the production and sale 
of biomaterials, mostly based on lactic acid, for the medical sector, and lactitol and xylitol 
for special use in the pharmaceutical and food industries.  Lactic acid and gluconic acid as 
well as lactic acid derivatives and gluconic acid derivatives are produced at six production 
sites in the Netherlands, Spain, Brazil and the USA.  CSM Biochemicals aims to 
strengthen its leading position in the global market for lactic acid and lactic acid derivatives 
by achieving annual volume growth of at least 10%. 
 
To maintain the annual target of at least 10% in volume growth CSM Biochemicals will 
have to make sizeable investments in additional capacity and innovation.  During 2004 the 
production capacity for basic lactic acid in the USA was enlarged and a decision was taken 
to expand further in Brazil.  The production capacity for lactic acid derivatives (Purasal and 
new powdered calcium) was expanded in the Netherlands and the US.  In Spain a new 
factory was opened to produce Purasal powder for the meat industry.  In view of the 
anticipated demand for lactic acid and lactic acid derivatives, a definitive decision will be 
taken sometime in 2005 on the construction of a fifth lactic acid production site in Asia with 
a minimum output capacity of 50 000 tonnes. 
 
In 2005, CSM anticipate another considerable rise of more than 10% in the volume of 
lactic acid and lactic acid derivatives. 
 
4.4.5 Others 
 
(a) Avebe45 
 
Avebe B.A. is a co-operative which established in 1919, now manufactures and markets 
potato starch and related derivatives.  These products are used in the paper, adhesives, 
pharmaceutical and textile industries, in the exploration and extraction of oil and natural 
gas, in foodstuffs and animal feeds as well as in water purification systems.  AVEBE also 
processes maize, wheat and tapioca into starches and starch derivatives.  With its main 
production facilities in the Netherlands, France, Germany, Thailand, the US and Sweden, 
Avebe is one of the world's largest manufacturers of potato starch derivatives.  AVEBE has 
only 2% of the worlds starch market and is much smaller than the wheat and maize starch 
concerns of Cargill.  Their major products and services are adhesives, animal feed, food 
ingredients, bioplastics, building chemicals, drilling fluid chemicals, Snacktex, Perfectamyl 
gel, Protastar and dextrins.  AVEBE America Inc. is involved in producing biodegradable 
plastics46. 
 
(b) Bayer47 
 
Bayer Material Science subgroup is among the global leaders in the fields of 
polyurethanes, polycarbonates and coating raw materials.  New areas of application 
include automotive glazing or self-healing automotive coatings. 
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 http://www.avebe.com 
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In the five Bayer Material Science business units (Polyurethanes; Polycarbonates; 
Coatings, Adhesives, Sealants; Thermoplastic Polyurethanes; and Inorganic Basic 
Chemicals) ultra-modern technologies and production processes are used to implement 
new products and applications in close cooperation with external partners and customers.  
The Polycarbonates Business Unit, for example, is constructing a new polycarbonate 
facility equipped with ultra-modern production technologies in Caojing, China.  An 
outstanding example of a new product application is Smart Surface Technology, which for 
the first time enables the manufacture of three-dimensionally formable, illuminated plastic 
components. 
 
The Coatings, Adhesives, Sealants Business Unit is another showcase for innovative 
capability.  It is concentrating on the development of polyurethane raw materials for the 
formulation of high-grade products.  Raw materials for more environmentally friendly low 
solvent systems are an important focus and include starting products for self-healing 
automotive coatings which can ñrepairò tiny scratches.  Innovation also plays an important 
role at their subsidiaries Wolff Walsrode and H.C. Starck.  Research activities at Wolff 
Walsrode aim at exploiting the unique structural and chemical properties of cellulose and 
other polysaccharides, which are important renewable raw materials.  New developments 
at H.C. Starck include precursors and components for high-temperature fuel cells to be 
used in stationary and automotive applications. 
 
(c) Eastman Chemical Co.48  
 
Eastman is the largest producer of polyester plastics for packaging and is a leading 
supplier of raw materials for coatings, adhesives, specialty plastic products and other 
formulated products, and of cellulose acetate fibres. 
 
It provides key differentiated coatings, adhesives and specialty plastics products; is the 
worldôs largest producer of PET polymers for packaging; and is a major supplier of 
cellulose acetate fibres.  Eastman is leveraging its heritage of innovation and strength in 
polyester, acetyl and organic chemistry technologies to drive growth and meet increasing 
demand in four select markets: building and construction, packaging, health, and 
electronics. 
 
(d) ECM BioFilms49 
 
ECM BioFilms is an Ohio Corporation founded in 1998 to develop and market a new 
technology which can be competitively priced and have the same mechanical 
characteristics as traditional non-degradable plastics. 
 
The technology is an additive which, when combined in small quantities with any of the 
popular plastic resins, renders the end products biodegradable while maintaining their 
other desired characteristics.  ECM's process utilises several proprietary bio-active 
compounds that are combined into a masterbatch pellet that is easily added to plastic 
resins using existing technology.  It is sold as ECM MasterBatch Pellets and the company 
has developed the technology to the point where most plastic products manufacturers can 
use the additive without having to modify their existing methods of production any more 
than if they were changing the product's colour.   
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The resulting plastic products exhibit the same desired mechanical properties, have 
effectively similar shelf lives, and yet, when disposed of, are able to be metabolised into 
inert biomass by the communities of micro-organisms commonly found almost everywhere 
on this planet.  
 
(e) Ferro Pfanstiehl Laboratories Inc50 
 
Ferro Pfanstiehl Laboratories (FPL), Inc. specialises in the isolation, purification, custom 
synthesis and scale-up development of regulated, high purity and low endotoxin injectable 
formulation ingredients, pharmaceutical intermediates and active pharmaceutical 
ingredients, in gram to multi-ton commercial quantities. 
 
FPL is the leading US producer of sodium and potassium lactate solutions used to 
manufacture peritoneal dialysis solutions, lactated ringer's solution and other large volume 
parenteral solutions.  Pharmaceutical and IV solution producers throughout the Western 
Hemisphere use their products. 
 
FPL also produces what they term ñperformance productsò.  These can be categorised as 
follows: 
 

 Products Markets Location 

Pharmaceuticals 
and fine chemicals 

High-potency active pharmaceutical 
ingredients, low endotoxin 
carbohydrates, large volume 
parenterals, food additives, dietary 
supplements, electrolytes, glymes, 
phosphine derivatives 

Pharmaceutical, biotechnology, 
food, electronics, industrial 

North 
America, 
Europe, 
Asia-Pacific 

Polymer additives 
Heat and light stabilisers, 
plasticisers, plastic lubricants 

Household furnishings, 
automotive, industrial, 
architectural, construction  

North 
America, 
Europe, 
Asia-Pacific 

Speciality plastics 

Filled and reinforced thermoplastics, 
polyolefin alloys, thermoplastic 
elastomers/process melt, color 
concentrates/ masterbatch, gelcoats, 
liquid and paste color dispersions 

Appliances, automotive, 
household furnishings, 
recreation, industrial, lawn and 
garden, pool and spa, 
packaging, boats, RVs and 
trucks, sanitary ware, 
architectural 

North 
America, 
Europe, 
Asia-Pacific 

 
(f) Henan Jindan Lactic Acid Co. Ltd51 
 
Henan Jindan (HJ) is the largest lactic acid manufacturer in Asia.  HJ produce 40 000 
tonnes lactic acid annually.  Their main products include lactic acid, L(+) lactic acid, 
sodium lactate, zinc lactate, ferrous lactate, ethyl lactate etc.  Lactic acid is produced 
adopting fermentation and refinement processes, using biological engineering 
technologies with starch as raw materials.  The product is widely used in the food, 
pharmaceutical, cigarette, wine, dyeing, textile, leather, chemical and petroleum industries. 
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(g) Japan Corn Starch Co. Ltd 
 
Japan Corn Starch (JCS) is a family-owned business that has been in operation since 
1867.  In Kimura, the company maintains the most advanced wet milling plant in Japan 
and is the primary supplier of maize starch in Japan.  The plant processes 500 000 tonnes 
of maize starch per year.  In addition, JCS operates a starch modification plant.  The 
company is a major supplier of sweeteners for the food industry; its maize starch, maize 
oil, and by-products are used in the production of paper, textiles, adhesives, building 
materials, and consumer products. 
 
JCS has a very active collaboration with Michigan Biotechnology Institute to develop 
starch derivatives.  The company's philosophy in the biodegradable polymer field is 
motivated by the development of new materials with starch, and is not based on replacing 
existing materials with biodegradable polymers.  
 
EverCorn, Inc., a joint venture between Grand River Technologies (GRT), the business 
subsidiary of Michigan Biotechnology Technology, and Japan Corn Starch Company, is 
involved in design, engineering and manufacture of thermoplastic, modified-starches which 
have water repellent properties, mechanical strength, and good processability, while being 
fully biodegradable in appropriate disposal systems like composting.  A two year $2.0 MM 
R&D phase was completed in July 1995.  Pilot scale operations are in place to sample 
customers with thousands pound quantities of resin. 
 
(h) Musashino Chemical Laboratory, Ltd52 
 
Musashino Chemical Laboratory (MCL), established in 1949, is a leading manufacturer of 
lactic acid, D-/L-alanine and pyruvic acid.  Their D-/L-lactic acid has been regularly used in 
a broad range of pharmaceutical industries and has met the necessary requirements for 
more than fifty years due to its high quality.  L-lactic acid is produced from agricultural 
products using advanced fermentation and purification technologies. 
 
Other lactic acid-based products include: sodium lactate, lactide (lactide has been used as 
an intermediate to produce PLA or lactic acid copolymers; as these polymers are 
biodegradable and have a high biocompatibility, they are applied for the development of 
drug delivery systems, and reabsorbable and inplantable devices), calcium lactate, 
calcium stearoyl lactylate, iron lactate,  lactic acid powder, cetyl lactate, myristyl lactate, 
buffered lactic acid, sodium lactate powder and sodium stearoyl lactylate. 
 
(i) Musashino Bio-Chem China53  
 
Jiangxi Musashino Bio-Chem Co. Ltd (JMB), located in Nanchang, was established in 
2000.  This joint venture was formed between Musashino Chemical Laboratory, Ltd (MCL), 
a manufacturer of high quality lactic acid products and Jiangxi Keyuan Biotech Co. (JKB), 
Ltd, a joint-stock company held by Jiangxi Academy of Sciences.  As a joint venture of 
MCL in China, JMB claims to continue exploitation and innovation in the lactic acid 
industry.  JMB combines bio-fermentation (JKB) and advanced refinement techniques 
(MCL), using grain starch as the raw material.  JMB now has a total capacity of 
5000 tonnes/year of high quality L-lactic acid.  
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(j) Takeda Pharmaceutical Company Limited54 
 
Takeda is a research-based global company with its main focus on pharmaceuticals.  It is 
the largest pharmaceutical company in Japan and among the leaders in the world.  
Takedaôs link to lactic acid appear to be through development of a lactic acid based 
polymer (copoly (D-/L-lactic/glycolic acid)-zinc oxide complex) which is intended to be use 
as an encapsulation agent.55 
 
4.5 Patent information on lactic acid and derived polymers 
 
Tables 12 and 13 list some examples of patents relating to lactic acid and PLA.  This is by 
no means a complete list, but does provide an indication of the various technologies used 
by researchers / applicants and the associated companies. 
 
 

                                                 
54

 http://www.takeda.co.jp/index-e.html 
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 Yamagata Y, Misaki M, Kurokawa T, Taira K, Takada S.  (2003).  Preparation of a copoly (dl-
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human growth hormone.  Int. J Pharm 251(1-2):133-41. 
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Table 12:  USPTO sourced patents56  
 

Document 
number 

Inventor(s)/ Assignee: Date Title 

Patent applications 

20050131120 Flexman 16/06/2005 Toughened PLA compositions  

20050026999 Faergemand; Sparso; Svendsen; Friis / Danisco 03/02/2005 
Composition comprising LA esters of mono-& diglycerides of fatty acids, an 
emulsifier containing the same & its use  

20050019461 Cazemier / Purac Biochem 27/01/2005 
Antimicrobial composition comprising a mixture of LA or a derivative thereof & an 
inorganic acid  

20050013901 Glass; Snider 20/01/2005 
Distillers solubles as a constituent for nisin & LA production from dairy cheese by 
products  

20040230001 Flexman 18/11/2004 Toughened polyoxymethylene-PLA compositions  

20040229327 Agblevor, Timothy 18/11/2004 Method for production of LA  

20040210088 
Eyal; Starr; Fisher; Hazan; Canari; Witzke; 
Gruber; Kolstad / Cargill, Inc. 

21/10/2004 LA processing; methods; arrangements; &, products  

20040157967 Ito / Suzuki Motor Corporation 12/08/2004 PLA compositions & molded products thereof  

20040033573 Norddahl; Eriksen; Pedersen 19/02/2004 Method for producing LA 

20040005677 Eddington; Johnson; Liaw; Rowe; Yang 08/01/2004 
Novel lactobacillus strains & use thereof in fermentation process for L-LA 
production  

20030176736 
Eyal; Starr; Fisher; Hazan; Canari; Witzke; 
Gruber; Kolstad / Cargill, Inc. 

18/09/2003 LA processing; methods; arrangements; &, products  

20030158360 
Gerking; Hagen; Richter; Idler; Reimann; 
Hanzsch 

21/08/2003 Method for producing PLA & corresponding device  

20030157079 
Kato; Nakaya; Suzuki; Hirata / Wakamoto 
Pharmaceutical Co., Ltd 

21/08/2003 LA bacteria-containing probiotics products  

20030153724 Yamamoto; Tani; Aoki; Hata 14/08/2003 LA polymer & process for producing the same  

20030004375 Mizrahi; Eyal; Canari; Hazan; Starr 02/01/2003 Process for producing a purified LA solution  

20020102672 Mizrahi; Eyal; Canari; Hazan; Starr 01/08/2002 Process for producing a purified LA solution  

20020004611 
Eyal; Starr; Fisher; Hazan; Canari; Witzke; 
Gruber; Kolstad / Cargill, Inc. 

10/01/2002 Lactic acid processing; methods; arrangements; &, products  

Granted patents 

6,875,839 
Gerking; Hagen; Richter; Idler; Reimann; 
Hanzsch / Inventa-Fischer GmbH & Co. KG 

05/04/2005 Method for producing PLA & corresponding device  

6,613,363 Li / Wm. Wrigley Jr. Co. 02/09/2003 
Biodegradable chewing gum bases including plasticized PLA & copolymers 
thereof  
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http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=8&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=8&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=9&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=9&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=10&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=10&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=11&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=11&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=12&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=12&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=21&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=21&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=22&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=22&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=22&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=23&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=23&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=24&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=24&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=25&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=25&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=26&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=26&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=31&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=31&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=34&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=34&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=35&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=35&p=1&f=G&l=50&d=PG01&S1=%28%28%28%28%22lactic+acid%22+OR+lactate%29+OR+%22polylactic+acid%22%29.TTL.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=TTL/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
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6,534,679 
Eyal; Starr; Fisher; Hazan; Canari; Witzke; 
Gruber; Kolstad Cargill, Inc.  

18/03/2003 LA processing; methods; arrangements; &, products  

6,403,844 Zhang; Miller; Jackson / Michigan State Univ.  11/06/2002 Condensed phase catalytic hydrogenation of LA to propylene glycol  

6,353,086 
Kolstad; Witzke; Hartmann; Hall; Nangeroni / 
Cargill, Inc. 

05/03/ 2002 
LA residue containing polymer composition & product having improved stability, 
& method for preparation & use thereof  

6,320,077 
Eyal; Starr; Fisher; Hazan; Canari; Witzke; 
Gruber; Kolstad / Cargill, Inc. 

20/11/2001 LA processing; methods; arrangements; &, product  

6,319,382 Norddahl / Lactascan ApS 20/11/2001 Fermentative production & isolation of LA 

6,229,046 
Eyal; Starr; Fisher; Hazan; Canari; Witzke; 
Gruber; Kolstad / Cargill, Inc. 

08/05/2001 LA processing methods arrangements & products  

6,225,350 Tung; Li; Su / Vertex Pharmaceuticals, Inc. 01/05/2001 Butyrate prodrugs derived from LA  

6,133,023 
Madsen; Vrang; Arnau; Ravn; Johnsen; 
Israelsen / Bioteknologisk Institut 

17/10/2000 LA bacterial regulatable expression system  

6,114,495 
Kolstad; Witzke; Hartmann Hall; Nangeroni / 
Cargill Inc. 

05/09/2000 
LA residue containing polymer composition & product having improved stability, 
& method for preparation & use thereof  

5,912,269 Tung; Li / Vertex Pharmaceuticals, Inc. 15/06/1999 Butyrate prodrugs derived from LA  

5,883,123 Tung; Li / Vertex Pharmaceuticals, Inc. 16/03/1999 Butyrate prodrugs derived from LA  

5,880,152 Tung; Li/ Vertex Pharmaceuticals, Inc. 09/03/1999 Butyrate prodrugs derived from LA  

5,801,025 Ohara; Yahata; Masahito / Shimadzu Corp. 01/09/1998 Method for producing L-LA with high optical purity using bacillus strains  

5,786,185 
Tsao; Lee; Tsai; Seo; McQuigg; Vorhies; Iyer / 
Reilly Industries, Inc. 

28/07/1998 Process for producing & recovering LA  

5,750,469 
Baumann; Rheinheimer; Vogelbacher; Gerber; 
Rademacher; Walter; Westphalen / BASF 
Aktiengesellschaft 

12/05/1998 Substituted LA derivatives  

6,113,943 
Okada; Douken / Takeda Chemical Industries, 
Ltd 

31/10/1997 
Sustained-release preparation capable of releasing a physiologically active 
substance 

5,574,180 
McQuigg; Marston; Fitzpatrick; Crowe; Vorhies; 
Murugan; Bailey / Reilly Industries, Inc. 

12/11/1996 Process for recovering phytic acid, LA or inositol  

5,503,750 Russo; Kim 02/04/1996 
Membrane-based process for the recovery of LA by fermentation of 
carbohydrate substrates containing sugars  

5,470,944 Bonsignore / ARCH Development Corp.  28/11/1995 Production of high molecular weight PLA  

5,464,760 Tsai; SMoon; Coleman / Univ. of Chicago 07/11/1995 Fermentation & recovery process for LA production  

5,326,744 
Rheinheimer; Baumann; Vogelbacher; Saupe; 
Bratz; Meyer; Gerber; Westphalen; Walter; 
Kardorff / BASF Aktiengesellschaft 

05/07/1994 Glycol aldehyde & LA derivatives & the preparation & use thereof  

5,250,182 Bento; Fleming / Zenon Environmental Inc. 05/10/1993 
Membrane-based process for the recovery of LA & glycerol from a "corn thin 
stillage" stream  

5,177,009 Kampen 05/01/1993 
Process for manufacturing ethanol & for recovering glycerol, succinic acid, LA, 
betaine, potassium sulfate, & free flowing distiller's dry grain & solubles or a solid 
fertilizer therefrom  
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http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=32&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=33&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=33&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=34&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=34&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=35&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=35&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=36&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=36&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=37&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=37&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=37&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=38&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=38&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=39&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=39&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=42&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=42&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=44&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=44&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=44&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=46&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=46&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=46&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=46&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
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5,089,664 
Dalcanale; Bonsignore; Du vosel / Istituto Guido 
Donegani S.p.A 

18/02/1992 Process for recovering LA from solutions which contain it  

4,963,486 Hang / Cornell Research Foundation, Inc 16/10/1990 Direct fermentation of corn to L(+)-LA by Rhizopus oryzae  

4,885,247 Datta / Michigan Biotechnology Institute  05/12/1989 
Recovery & purification of lactate salts from whole fermentation broth by 
electrodialysis  

4,771,001 Bailey; Joshi; Michaels; Wisdom / Neurex Corp. 13/09/1988 
Production of LA by continuous fermentation using an inexpensive raw material 
& a simplified method of lactic acid purification  

4,769,329 
Cooper; Kuesters; Martin; Siegel / BASF 
Aktiengesellschaft 

06/09/1988 Preparation of optically pure D- & L- LA  

4,698,303 Bailey; Joshi; Michaels; Wisdom / Engenics, Inc. 06/10/1987 
Production of LA by continuous fermentation using an inexpensive raw material 
& a simplified method of lactic acid purification  

 
 
Table 13: EPO sourced patents, excluding US patents57 
 

Publication info Inventor Applicant Title 

EP1397501; 2004-03-17 
Kolbakov; Nurk; 
Simisker 

Kolbakov; Nurk; Simisker 
The method of production of biodegradable LA polymers and the use 
of LA polymers produced using such a method 

CA2099835; 1994-01-14 Bento; Fleming Zenon Environmental Inc. (CA) 
Membrane-based process for the recovery of lactic acid & glycerol 
from a corn ñthin stillageò stream  

CN1033194; 1989-05-31 Jingzhi; Tang 
Shong Chemical Research 
Institute (CN) 

Refining process of LA produced by fermentation of corn  

KR2003012482; 2003-02-12 Jang  Jang Kil Nam (KR) 
Process for producing biodegradable plastic containers containing corn 
starch & natural & the biodegradable plastic container produced by the 
process 

EA5309; 2004-12-30 Kolbakov; Nurk  Mailtec Oyi (EE) 
Method of production of biodegradable LA polymers & the use of LA 
polymers produced using such a method  

JP10139989; 1998-05-26 Nakamura; Seiji K Ekomatetsuku; GK Sangyo PLA polysaccharide composition 

EP0579546; 1994-01-19 Fleche; Gosset  Roquette Freres (FR) 
Thermoformable composition, process for its preparation & its use for 
obtaining thermoformed articles 
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  EU Patent Office.  http://www.espacenet.com/ 

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=49&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=49&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=50&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=50&f=G&l=50&d=PTXT&p=1&p=1&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=51&f=G&l=50&d=PTXT&p=1&p=2&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=51&f=G&l=50&d=PTXT&p=1&p=2&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=51&f=G&l=50&d=PTXT&p=1&p=2&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
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http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=55&f=G&l=50&d=PTXT&p=1&p=2&S1=(((('lactic+acid'+OR+lactate)+OR+'polylactic+acid').TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22lactic+acid%22+OR+lactate+OR+%22polylactic+acid%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/((%22lactic+acid%22+OR+lactate)+OR+%22polylactic+acid%22)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
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The following few paragraphs summarise a few of the more relevant patents and patent 
application listed in Tables 12 and 13. 
 
Commercially, lactic acid is produced via both synthetic and fermentation processes.  The 
synthetic process converts lactonitrile to lactic acid, with the lactonitrile starting material 
being available as a byproduct in acrylonitrile production58.  In fermentation processes 
micro-organisms produce lactic acid as they metabolise carbon-containing 
(e.g. carbohydrate) raw materials. 
 
4.5.1 Production or recovery of lactic acid 
 
In industry, the most commonly used production strains are Lactobacillus, of which the 
most widely used strain is L. delbrueckii NCIB 8130.  The production of optically pure L- or 
D-lactic acid for synthesising PLA requires a high level of microbiological purity, because 
in addition to the general threat of microbial contamination, other producers of lactic acid, 
e.g. Lactobacillus amylophilus and L. amylophorus or Lactobacillus bulgaricum and 
L. delbrueckii and strains of the Bacillus family, may impair the optical purity of lactic 
acid.59  The lactic acid produced through fermentation is separated from the solution either 
in the form of calcium salts by sedimentation, by extraction with anon-polar solvents, or 
electrodialysis, and if necessary, purified using esterification and selective membranes 
(WO 9950345, US 4,885,247, EP 0657542Al, US 5,053,485, US 5,503,750, US 5,723,639, 
CN 1050203, JP 4359014 and WO 9509879). 
 
US patent 5,177,009 (1993) relates to the manufacture of ethanol and the recovery of 
by-products such as glycerol, betaine, succinic and lactic acid, potassium sulfate and a 
free flowing distiller's dry grain and solubles that can be used for a variety of application, 
i.e. animal feed, component of food for humans or as a premix for agricultural fertiliser.  
The process claims to be an improvement of US application ser. no. 136,415 in the area of 
enhancement of glycerol recovery from stillage resulting from the fermentation of a 
biomass mash, and involves production of glycerol in amount in excess of 10 grams per 
100 grams of reducing sugar in the starting biomass mash. 
 
US patent 5,464,760 (1995) describes a method of converting starch to glucose, followed 
by fermentation to lactic acid, including simultaneous saccharification and fermentation 
through use of a novel consortium of bacterial strains.  The mixed culture, able to produce 
highly stereospecific L-lactic acid was code-named LBM5, and consisted of the following 
bacterial strains Lactobacillus delbrueckii subsp. lactis ATCC 12315, L. casei 
NRRL B-1445, L. delbrueckii NRLL B-445, L. helveticus NRRL B-1937 and L. casei 
NRRL B-1922. 
 
Other patents describe combinations processes to produce and recover lactic acid, 
i.e. using a combination of ultrafiltration, nanofiltration and reverse osmosis 
(US 5,503,750) using electrodialysis, where nanofiltration and contact with a chelating 
agent are employed to reduce fouling of ion-selective membranes used in electrodialysis 
(WO 96/41021), using an electrodialysis step, a bipolar electrodialysis step, treatment with 
a strong cationic ion exchange resin and treatment with a weak anionic ion exchange resin 
(EP 0393818-A).   

                                                 
58

 Van Ness, J. H.  (1981).  "Hydroxy Carboxylic Acids," in Encyclopedia of Chemical Technology, 3rd Ed., 
Wiley, 13:80-103. 

59
 US 5,079,164; Payot T. et al.  (1999).  Enzyme and Microbial Technology 24: 191-199; EP 0770684; 

Ohara H. Yahata M.  (1996).  Journal of Fermentation and Bioengineering, 81(3): 272-274. 
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This present invention claims to provide a process by which lactic acid can be produced 
and isolated in a simple and inexpensive manner, so as to eliminate the disadvantages 
mentioned above.  
 
US patent 5,786,185 (1998) also describes an earlier method to produce lactic acid via 
fermentation.  The growth and lactic acid-producing capacity of the organisms used in the 
fermentation process are inhibited by lactic acid and by low pH.  Hence, various methods 
have been used to minimise this effect.  Most commonly, lactic acid is immediately 
neutralised by an alkali thereby forming lactate salt and preventing pH drop and lactic acid 
buildup. Following the fermentation, the broth is acidified to convert the lactate salt to free 
lactic acid which is then separated from the broth. However, this separation and 
purification is cumbersome and inefficient, and in addition, lactate also partially inhibits the 
micro-organisms.  At the time this patent was published, no-one had succeeded in 
increasing lactate productivity by in-situ extraction.  This process claims to be an 
improvement in that the fermentation broth contains undissociated lactic acid, which is 
then contacted with an effective amount of solid-phase polymer containing pyridine groups 
to adsorb and increase rate of production of the free acid.  
 
US patent 6,319,382 (2001) describes a fermentation process to produce lactic acid by 
fermentation of a whey protein substrate.  Protease(s) are added during the fermentation 
so that hydrolysis of protein to amino acids takes place simultaneously with the 
fermentation of sugar into organic acid.  The lactic acid is isolated by either ultrafiltration, 
ion exchange, conventional electrodialysis or electrodialysis with bipolar membranes.  
Disadvantages of previous research / patents include (i) adsorbtion of the bacteria to the 
electrodialysis membranes, causing the electrical resistance to increase, resulting in a 
substantially increased power consumption for the electrodialysis process (EP 230021), 
(ii) clogging of ultrafiltration membranes, resulting in drastic restriction of permeate flow, 
(iii) increased nutrient costs when using amino acids, (iv) non-converted organic nutrients 
being included in the electrodialysis treatment with bipolar membranes thereby reduced 
process efficiency when using reverse osmosis (US patents 4,110,175 and 5,002,881), 
(v) poor heat-stability of the lactic acid due to the presence of residual sugars, and 
(vi) additional step to hydrolyse whey protein into amino acids (US 4,698,303).  
 
US patent 6,534,679 (2003) deals primarily with the purification of lactic acid, in particular 
methods for separating lactic acid streams and lactate salt streams from mixtures such as 
fermentation broths, isolating and processing the lactic acid and isolating the lactate salt in 
preferred forms.  The potential of lactic acid for use in the production of various industrial 
polymers has been described in several US patents owned by Cargill (5,142,023; 
5,247,058; 5,258,488; 5,357,035; 5,338,822; 5,446,123; 5,539,081; 5,525,706; 5,475,080; 
5,359,026; 5,484,881; 5,585,191; 5,536,807; 5,247,059; 5,274,073; 5,510,526; and 
5,594,095).  There has been general interest in developing improved techniques for 
generation and isolation of lactic acid.  Also, because of their potential commercial value, 
there is great interest in isolation of the other valuable related lactate products such as 
lactide, lactate esters and amides, and oligomers.  In general, large amounts of lactic acid 
can be readily generated by fermentation processes.  Issues of concern with respect to 
lactic acid generation include, amongst others, appropriate control of pH within the 
fermentation system to ensure proper environment for bacterial growth, separation and 
isolation of either or both of lactic acid and lactate salts from the fermentation process and 
downstream isolation and production involving the isolated lactic acid or lactic acid derived 
product.   
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This patent describes suitable techniques which allow the separation of a lactic acid 
stream and a lactate salt stream, in which the former can then be readily used to produce 
desirable lactate products, such as lactate oligomers, lactide lactate esters, lactate amides 
and/or polylactate, and the latter can be further recycled into fermentation broth used as a 
fertiliser or feed. 
 
US patent application 20040033573 (2004) discusses a method for producing lactic acid 
which is based on WO 98/28433 and provides a novel purification procedure for isolation 
of lactic acid and has the advantage of being simple and inexpensive and resulting in a 
high lactic acid recovery rate requiring fewer steps.  The process consists of a 
fermentation step using lactic acid-forming bacteria that results in a lactate salt (typically 
ammonium, sodium or potassium lactate), followed by the isolation steps comprised of 
ultrafiltration, acidification, either nanofiltration and/or reverse osmosis, and then 
electrodialysis using bipolar electrodialysis membranes.  Fermentation is preferably 
performed using whey protein as a nutrient substrate and by adding at least one 
protein-hydrolysing enzyme directly to the fermenter during the fermentation process so 
that hydrolysis of protein to amino acids takes place simultaneously with the fermentation 
of sugar into organic acid.  In WO 98/28433 the lactic acid is transported across 
membranes in both conventional and bipolar electrodialysis with the use of electrical 
energy, which may represent a significant contribution to the production price of the lactic 
acid.  The recovery in the conventional electrodialysis is quite low, especially if acceptable 
power efficiency is desired.  It has been found  that nanofiltration and/or reverse osmosis 
may be used as an efficient alternative to conventional electrodialysis for the removal of 
sugar and proteins, and as an alternative to chelating ion exchange for the removal of 
bivalent ions such as calcium and magnesium ions.  It has also been found that 
electrodialysis can advantageously be used as an additional step after a nanofiltration 
and/or reverse osmosis step to remove the remaining inorganic ions, which therefore 
eliminates the need for further polishing on ion-exchange. 
 
4.5.2 Production or modification of PLA 
 
In the area of medical applications, the polymers of lactic acid and glycolic acid achieved 
their first commercial success as fibre materials used for reabsorbable sutures.  These 
were first announced by Davis and Geck in 1969 and since then have significantly 
displaced collagen as resorbable sutures.  The polymers of lactic acid are well suited for 
other prosthetic devices because they are hydrolytically degradable, biocompatible, and 
are suitable for extrusion, moulding, etc. of cross-sectional designs.  Since this beginning 
in the medical field, a number of research organisations have worked extensively on 
resorbable prosthetic devices.  Mandibular fractures, long bone internal fixation, 
osteogenesis, nerve regeneration, vascular prostheses, and Achilles tendon repair are just 
a few examples illustrating the variety of devices.  A number of these devices are 
beginning to emerge from preclinical and clinical trials.  There are probably only a few ten 
thousands pounds of PLA marketable for prosthetic devices.  Based on the small weights 
involved, the expense is quite large to produce premium purity PLA products using current 
methods of condensation polymerisation of free acids and catalytic, ring opening 
polymerisation.  The use of the polymer in these medical devices may draw attention to 
these degradable plastics for larger uses.  Recently, it has been determined that high 
carbohydrate food waste presently produced in the US as cheese whey permeate and in 
conjunction with potato processing facilities is convertible in an environmentally benign 
process to provide a feed stream for lactic acid.  Lactic acid is desirable because it is a 
naturally occurring compound which degrades to environmentally safe products.   
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In addition, it has been discovered that oligomers of PLA are useful as plant growth 
promoters (US patent 4,813,997).60 
 
At the time, PLA technology consisted of three separate plants: (i) production of 
fermentable sugars, (ii) fermentation of sugars into lactic acid and (iii) PLA synthesis.  A 
common, integral technological production scheme for producing PLA from cereal had not 
been patented yet.  The problem concerning starch plants is large amounts of biogene-rich 
wastewater generated in the course of fractionation (up to 4m3 per one ton of starch), 
which must be separated to produce products, i.e. starch, gluten etc., and the solute 
biogenes have to be extracted in order to reduce environmental pollution.  Usually, 
wastewater is evaporated and dry biogenes are added for example, to the forage fraction.  
Evaporation of the water consumes a lot of energy.  At the time, production schemes for 
starch and lactic acid in physically separated plants were not able to use a unified 
approach (US 5,453,365, US 5,766,439, US 6,087,532, US 6,187,951, WO 95/24498, 
WO 98/28433 and EP 0614983).  
 
Several methods are suitable for the polymerisation of PLA, as described in patents 
US 6,207,792 and, US 5,543,494. 
 
US patent 6,353,086 (2002) relates to a lactic acid based polymer having improved 
stability, specifically detailing the use of multifunctional carboxylic acid for stabilising lactic 
acid based polymers. 
 
EP 1397501 (2004) (also published as WO 02077252 (A1), EP 1397501 (A1), 
EP 200100181 (A), CA 2480300 (A1)) relates to the use of lactic acid and its esters 
produced via fermentation.  The areas of application of the invention include food 
processing and chemical technology.  This patent demonstrates that integration of a starch 
plant, production of lactic acid and its derivatives, and PLA-synthesis into a single 
production line is both economically and ecologically feasible and enables a production 
process which is more rational and reduces duplicated vaporisation of large amounts of 
water, preserves raw material and energy sources. 
 
US patent 6,875,839 (2005) describes a method for producing PLA via fermentation of 
ñstarchy agricultural productsò, ultrapurification of the lactic acid (by ultrafiltration, 
nanofiltration and/or electrodialysis), concentration of the lactic acid and production of a 
prepolymer that is then converted to dilactide by cyclising depolymerisation.  Subsequently 
this is purified, and then exposed to ring-opening polymerisation and demonomerisation to 
yield PLA.  This patent improves on existing technologies by having less process steps 
and producing an increased yield with an adequate PLA molecular weight.  The raw 
material being used is rye flour.  The hydrolysed starch is degraded enzymatically to form 
glucose and fermented to form aqueous lactic acid.  The lactic acid is then purified and 
concentrated, before being polycondensed to form a prepolymer.  This prepolymer is 
depolymerised under suitable conditions to form the actual starting material of 
polymerisation, the cyclic dimer of lactic acid (dilactide).  The dilactide may be polymerised 
to form the polylactide under the influence of a catalyst (for example tin octoate) and with 
the aid of the hydroxyl groups acting as starting centres.  However, the quality of the 
polymer depends quite crucially on the purity of the dilactide used, which is why rectifying 
purification of the dilactide is necessary before ring-opening polymerisation.   

                                                 
60

 Excerpts taken from US 5,470,944 
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The subsequent demonomerisation of the polylactide melt should prevent premature 
degradation processes in the end product.  An essential element of this patent is the 
recovery of highly pure lactic acid by continuous high-performance fermentation. 
 
4.5.3 Applications for either lactic acid or PLA 
 
A conventional method for producing heat-resistant PLA is disclosed in Japanese Patent 
Provisional Publication 10-120887.  In the method, a PLA product is highly crystallised by 
keeping the moulded product in a mould during the moulding step.  However, 
crystallisation is not always sufficient and the desired heat resistance has not been 
obtained.  Other problems include deformities when PLA products are highly crystallised 
by the standard moulding technology and subsequent annealing (heat treatment), special 
conditions are required, production costs are high and the processes are time-consuming. 
 
Japanese Patent Provisional Publication 42-20456, discloses a method in which the 
moulded products have properties of high crystallisation rate, shortened moulding cycle 
and an excellent dynamic nature.  Japanese Patent Provisional Publication 60-86156 
describes a process for promoting the crystallisation rate of commonly used polymer 
materials where agents are added to accelerate the crystallisation of PET.  Japanese 
Patent Provisional Publication No.45-04731 (WO 90/01521), discloses a method to 
produce PLA with improved hardness, strength and temperature resistance by adding a 
filler material of an inorganic compound such as silica and kaolinite to lactide thermoplastic 
plastics, however the product, although highly crystallised with excellent strength, is cloudy 
with low transparency.  Japanese Patent Provisional Publication 65-04799 (WO 92/04413) 
further describes a method in which lactate and benzoate are added to the degradable 
polymers. 
 
US patent 5,470,944 (1995) describes how to produce a novel, degradable, high molecular 
weight polymer of modified PLA polymers or blends by coupling lower molecular weight 
units using di-functional coupling agents.  These products have improved mechanical 
properties while still degrading in an environmentally safe manner.  The modified polymers 
and polymer blends are also usable for garbage bags or other waste disposal purposes 
and can be incinerated since on burning only environmentally safe materials are produced.  
It is also generally recognised that higher molecular weights (above at least 25 000) are 
needed for PLAôs to have good physical properties.  With the discovery of the conversion 
of high carbohydrate food waste to feedstocks for lactic acid, it has become feasible 
through this present invention to formulate various copolymers and blends of PLA for a 
wide range of agricultural and packaging uses. 
 
US patent 5,672,367 describes biodegradable chewing gums based on poly(lactic 
acid-co-caprolactone) elastomers, which although are said to have desirable chewing 
characteristics, the toxic caprolactone monomer residues may prevent this from being 
used in such an application. 
 
US patent 6,113,943 (2000) describes a controlled release preparation consisting of a 
lactic acid polymer as well as a physiologically active substance, and which can be 
releases over a period of at least about five months. 
 
US patent 6,225,350 (2001) relates to butyrate prodrugs derived from lactic acid for 
treating inflammatory bowel disease, chemotherapy-induced mucocutaneous side effects 
in patients, lung, colo-rectal or prostate cancer, cystic fibrosis and to enhance the 
efficiency of gene therapy.   
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The requirement is for forms of butyrate which possess desirable pharmacokinetic 
properties (related discoveries did not have this necessary property) for use in providing 
effective therapy for the target diseases as mentioned above.  The present invention 
meets this need by providing butyrate prodrugs of lactic.  These butyrate prodrugs 
demonstrate good bioavailability, effective oral deliverability, good half-life and surprisingly 
high Cmax. 
 
US patent 6,613,363 (2003) describes the application of PLA, specifically chewing gum 
compositions, which are more environmentally acceptable than typical compositions.  
There have been a few attempts at providing biodegradable chewing gum.  
PCT/US97/11008 discloses lactic acid based copolymers for use as a masticatory 
substance.  The chewing gum base comprises PLA copolymers selected from the group 
consisting of PLA-dimer fatty acid-oxazoline) copolymers and poly(lactic 
acid diol-urethane) copolymers. 
 
US patent application 20040157967 relates to moulded products of biodegradable plastic 
products, particularly to PLA compositions, which can be highly crystallised in a short 
moulding cycle and have an improved deflection temperature under load and superior heat 
resistance.  Recently, due to environmental concerns, improvement of recycling rates in 
automobile components and use of materials with low environmental load are desired.  
Hence, PLA is becoming more sought after as an environmentally-friendly material, which 
is easily hydrolysed in the presence of water.  As PLA is recyclable and 
environmentally friendly, it provides a promising material for car components etc.  
However, the heat resistance of PLA is not sufficient for automobile products.  To improve 
the heat resistance, the moulded product can be heated to increase the degree of 
crystallinity.  However, a dimensional change occurs along with the crystallisation.  In 
another method where the crystallisation step is performed in a mould, the crystallisation 
step takes a long period of time and productivity is poor.  For these reasons, PLA has had 
limited application in the automobile industry. 
 
US patent application 20030153724 (2003) relates to a biodegradable polymer which can 
be used as a matrix for pharmaceutical preparations.  The sustained-release microcapsule 
preparation encapsulating a physiologically active substance can fully prevent the initial 
excessive release of the physiologically active substance from the microcapsules and 
keep a stable release rate over a long period of time.  Biodegradable polymers having a 
sustained-release property are useful as matrices for microcapsules, etc. to be employed 
for encapsulating physiologically active substances.  Biodegradable polymers are known, 
such as PLA and a copolymer of lactic acid and glycolic acid (e.g. JP-A-11/269094).  
These biodegradable polymers are used just as produced by conventional synthetic 
procedures.  However, it has been found that such polymers produced by ring-opening 
polymerisation are small in the terminal carboxyl group content and have poor utilisation 
as sustained-release matrices.  Due to this, research has followed whereby biodegradable 
polymers of high molecular weight are hydrolysed to reduce their molecular weights and 
so improve their application.  However, polymers produced via hydrolysis tend to burst and 
are not suitable for sustained-release matrices.  Further improvement is therefore 
necessary and met through this invention. 
 
US patent application 20050131120 (2005) describe a process to produce a toughened 
PLA resin compositions.  PLA, although biodegradable, has physical limitations such as 
brittleness and slow crystallisation which can prevent easy injection moulding into articles 
that have an acceptable degree of toughness for many applications.   
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Japanese patent application publication H9-316310 discloses a PLA resin composition 
comprising PLA and a modified olefin compounds.  Examples of those modified olefin 
compounds are ethylene-glycidyl methacrylate copolymers grafted with polystyrene, 
poly(dimethyl methacrylate), etc. and copolymers of ethylene and alpha-olefins grafted 
with maleic anhydride and maleimide.  The present invention relates to thermoplastic PLA 
compositions toughened with a random ethylene copolymer comprising glycidyl groups.  
The compositions may further comprise one or more of ethylene/acrylate polymers, 
ionomers, and/or grafting catalysts. 
 
5. Plant made pharmaceuticals from maize 
 
5.1 Background 
 
Infectious diseases are still a significant cause of death globally, predominantly in the 
developing world where access to vaccines is limited.  Although immunisation is the most 
cost effective way of increasing resistance to disease, it cannot easily be distributed in the 
developing world.  Vaccines have a high social value but low economic value for the 
companies producing them because companies are under pressure to produce vaccines 
at marginal costs and therefore make little profit to put back into research and 
development. 
 
There is great potential for producing vaccines in plants due to their cellular ability to put 
together very complex proteins.  One of the biggest advantages of producing vaccines in 
plants is the scale at which they could be produced.  A vaccine against tooth decay has 
set the precedent for producing monoclonal antibodies in plants.  However, profitability 
depends on the yield that it is possible to get from the crop. 
 
5.1.1 Plant-made pharmaceuticals (PMPs)61 
 
Advances in biotechnology have made it possible to genetically enhance plants to produce 
therapeutic proteins essential for the production of a wide range of pharmaceuticals - such 
as monoclonal antibodies, enzymes, and blood proteins.  PMPs are the result of a 
breakthrough application of biotechnology to plants to enable them to produce therapeutic 
proteins that could ultimately be used by the medical community to combat life-threatening 
illnesses.  In this process, plants themselves become "factories" that manufacture 
therapeutic proteins.  ñPlants are the most efficient producers of proteins on earth.ò62  
These proteins are then extracted, refined and used in pharmaceutical production.  
Researchers are currently in various stages of field trials and clinical trials of PMP 
production.63 
 
Since most proteins cannot be chemically synthesised, there are very few options for 
protein production: mammalian and microbial cell cultures and plants.  Using plants to 
produce pharmaceutical proteins presents several clear advantages.  First, there are 
significant lower facility and production costs associated with PMPs because the 
technology is developed in natural, renewable resources such as plants.  Second, 
because PMP growth is not limited to special manufacturing facilities, it will be relatively 
easy to scale production to meet increased and varied demand.   

                                                 
61

 http://www.bio.org/healthcare/pmp/factsheet2.asp 
62

 Roger Beachy, Donald Danforth Plant Science Center 
63

 http://www.bio.org/healthcare/pmp/factsheet2.asp 

http://www.bio.org/healthcare/pmp/factsheet2.asp
http://www.bio.org/healthcare/pmp/factsheet2.asp


Compilation of maize research results ï Part 2 page 34 

 

 

These two factors combined have the potential to provide patients with the benefits of 
greater and faster access to medicines.64 
 
Aside from the potential to increase the accessibility to biotech-based drugs, plant-made 
pharmaceutical technology offers a safe method to produce pharmaceutical proteins.  
When producing these proteins in traditional cell cultures, there is an inherent risk of 
propagating human pathogens or other mammalian contaminants.  This is not a risk when 
developing pharmaceutical proteins in plant factories.  "Using plants to produce 
pharmaceuticals in the field could reduce the costs of goods by as much as 50%.ò65  Using 
plants as factories to produce therapeutic proteins also enables researchers the ability to 
develop novel and complex molecular forms that could not otherwise be produced in 
mammalian cell cultures. 
 
Plants that also can be used for food crops are a natural choice for PMP production 
because researchers have extensive agricultural knowledge and familiarity of these plants, 
as well as experience with their growth.  Scientists have a vast understanding of genetics, 
agronomics and the environmental impact these plants have, as well as their composition.  
This information is crucial in developing methods for confining and managing these plants.  
PMPs are, however, not the same as foods and feeds improved through the use of 
biotechnology.  Protein-producing plants are simply "production factories" and are one 
step in the pharmaceutical manufacturing process, handled completely outside the 
commodity food and feed stream.  PMPs leverage much of the agricultural biotechnology 
applications and knowledge used in genetically enhanced food and feed, but for an entirely 
different purpose and end-use.  Agricultural biotechnology uses advanced plant breeding 
techniques and tools of biotechnology to introduce beneficial traits to crops grown for food, 
feed and fibre.  Many foods and feeds improved through the use of biotechnology possess 
beneficial characteristics, such as higher yield, better nutrition and resistance to disease.  
Examples of agricultural biotechnology for consumption purposes include "golden rice," 
which produces pro-Vitamin A, and grains with improved oil content. 
 
The science used to produce proteins in plants represents the new era of 
biopharmaceutical manufacturing and differs from traditional commodity agriculture on 
many fronts.  PMP research does not represent a new wave of value-added commodity 
agriculture.  The production and handling of pharmaceutical-containing plants is strictly 
regulated under rigorous federal guidelines for the safety of humans and the environment. 
Pharmaceutical-containing plants are grown and processed separately from food and feed 
crops - a system know as confinement, or in a completely closed loop system.  All 
pharmaceuticals produced in plants will have to undergo the same stringent safety tests as 
other pharmaceuticals, including human and animal testing.  In some cases this 
technology would be used in crops that were food crops, therefore it was necessary to be 
able to ensure that it could not enter the food chain or be consumed by mistake.66  These 
plants are grown under highly regulated conditions in confined growing environments and 
are strictly regulated by the US Department of Agriculture (USDA), its Animal and Plant 
Health Inspection Service (APHIS) and by the Food and Drug Administration (FDA).  After 
the plants are harvested, they go through a series of processing steps that extract, 
separate, purify and package the therapeutic proteins.  The refined therapeutic proteins 
are ultimately used as the active pharmaceutical ingredient (API) in many life-saving 
medicines and are regulated by the FDA.   
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In addition, only a few select growers are identified, trained and supervised to grow these 
prescription plants.  The seeds are only available from the manufacturer and cannot be 
purchased off the shelf at a local seed store.  Plants such as alfalfa, barley, maize, 
duckweed, rice, safflower and tobacco have received APHIS regulatory permits for field 
trials.  These field trials are aimed at delivering the next generation of essential proteins for 
life-saving medicines. 
 
Plants improved through the use of biotechnology can produce the essential building 
blocks (therapeutic proteins) for innovative treatments for diseases such as Alzheimer's 
disease, cancer, chronic obstructive pulmonary disease (COPD), Crohn's disease, cystic 
fibrosis, diabetes, geriatric and child diarrhoea, heart disease, Hepatitis C, HIV, iron 
deficiency, kidney disease, multiple sclerosis, obesity, rheumatoid arthritis, spinal cord 
injuries, and many others. 
 
Today, researchers are in various stages of field trials and clinical trials of PMP production 
and it is most likely that it will be at least three to five years before full commercialization of 
a PMP is reached.  The USDA reports in 2002, total US test trials consisted of twenty 
permits governing thirtyfour field sites for a total of 130 acres, USDA reports that in 2003, 
nine permits were issued. 
 
5.2 Market information 
 
5.2.1 Market size 
 
Biopharmaceuticals (which are not small organic drug molecules but biological molecules 
such as proteins) that are used as therapeutics can be manufactured using plants and 
animals instead of bacteria and mammalian cells in an attempt to produce them 
inexpensively, as also to mitigate the capacity crunch in manufacturing plants.  Although 
these transgenic technologies are quite facile, they have not been tested completely in any 
country to date by making human therapeutics in plants and animals; taking them to the 
clinic; proving their equivalence, and selling it in the marketplace after proper approval by 
the government organisations.67 
 
A plant-based pharmaceutical product requires average product development time of 8 to 
10 years.68  Significant development costs are involved, although once production starts 
with the transgenic plants then the products can be manufactured quite inexpensively.69  
For example the specific case of producing a therapeutic antibody in the maize plant: one 
ear of maize contains 300 to 500 seeds and can produce about 300 mg of an antibody at a 
cost of US$ 20 to 30/g.  The economy of scale is very much evident if the transgenic 
maize is planted in thousands of acres.  The corresponding cost in a typical mammalian 
cell production facility is estimated to be US$200/g.  The timelines for production are also 
quite advantageous.  The turnaround time from germination to harvest is roughly six 
months for maize.  The crops can also be grown in northern and southern hemispheres, 
thereby enabling year-round production.70  According to industry sources more than 
130 acres of land are used for the cultivation of plant-based pharmaceuticals.71   
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Plant systems are, therefore, considered quite viable for inexpensive production of 
therapeutic proteins.72 
 
Recent advances in biotechnology are making it possible to insert specific therapeutic 
proteins into plants and produce these proteins to make medicines that can be used to 
treat and prevent human diseases.  This breakthrough technology is emerging at an 
important time.  These plant-made biopharmaceuticals are under various stages of 
discovery, development and production at various academic and company sites around 
the world.  Most of the work goes on at academic or government institutions and has the 
potential to spawn several new biotechnology companies for production of 
biopharmaceuticals.73  About 360 new biotechnology medicines targeting more than two 
hundred diseases are in the biopharmaceutical industry pipeline (Table 14).  At the same 
time, a shortage of production capacity is developing.  In addition, highly complex 
protein-based medicines are being developed that are difficult or impossible to produce 
through the existing methods of microbial fermentation or mammalian cell production. 
 
Table 14: Biopharmaceuticals in industry pipeline by therapeutic category74 
 

Therapeutic category Number biopharmaceuticals 

Cancer 151 

Infectious disease 36 

AIDS 29 

Heart disease 28 

Neurological 26 

Other 25 

Respiratory 20 

Autoimmune 19 

Transplantation 14 

Dermatological 14 

Diabetes 13 

Genetic disorders 10 

Digestive disorders 9 

Blood disorders 8 

Growth disorders 4 

Infertility 4 

 
 
The first plant-based pharmaceutical product is likely to reach the market by 2005.  
Figure 2 gives an overview of the PMP launch timeline in the US.75 
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Figure 2: PMP market: expected product launch timeline (US), 2003 - 200976 
 
 
The pharmaceutical products under development are cancer vaccines, monoclonal 
antibodies, human proteins, and enzymes.  Each product class has the potential to 
generate multi-billion dollars.  Meristem Therapeutics has gastric lipase in phase-IIb trials, 
which is expected to be the first US plant-based pharmaceutical product to reach the 
market.  The US PMP market is estimated to grow to US$ 2.69 billion, at a CAGR of 
144.2% during the period 2005 to 2009, with the industryôs average spending per product 
is more than US$ 100 million.77 
 
Tables 15 and 16 provide some market information relating to the agricultural 
biotechnology market (1999 - 2009). 
 
Table 15: Total agriculture biotechnology market: revenue forecast by segment (US), 

1999 to 200978 
 

Year 
Genetically modified crops 

(US$ billion) 
PMPs 

(US$ billion) 

1999 0.71 - 

2000 0.79 - 

2001 0.96 - 

2002 1.03 - 

2003 1.22 - 

2004 1.37 - 

2005 1.55 0.08 

2006 1.68 0.20 

2007 1.84 0.69 

2008 2.10 1.60 

2009 2.34 2.69 

 
 
Table 16: PMP production market: revenue forecasts (US), 1999 to 200979 
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Year 
Revenues 

(US$ billion) 
Revenue growth rate 

(%) 

1999 - - 

2000 - - 

2001 - - 

2002 - - 

2003 - - 

2004 - - 

2005 0.08 - 

2006 0.20 262.7 

2007 0.69 215.4 

2008 1.60 202.3 

2009 2.69 155.0 

Compound Annual Growth Rate (2005-2009): 144.72% 

All figures are rounded; the base year is 2002. 

 
 
Biopharming supporters claim that the biopharm industry may be worth US$100 billion by 
2015.  This enthusiasm stems from the conviction that biopharming can provide a means 
to manufacture therapeutic compounds and chemicals at lower cost and in greater 
amounts than conventional techniques.80 
 
5.2.2 Industry structure 
 
The use of plants altered through biotechnology to produce pharmaceutical proteins is a 
recent development.  Proponents believe that using plants to manufacture such proteins 
will greatly increase the safety, number and quantity of medications available, and will 
make the production of such treatments much less costly, thus increasing their availability 
to those who need them.  Although biotechnology companies contend that many of the 
valuable proteins required for plant-made pharmaceuticals can be produced in the 
necessary form and quantity only in oilseed crops such as maize, safflower or canola, food 
manufacturers have expressed concerns regarding the use of food crops for such 
production.81 
 
Since plant-based production of pharmaceuticals is an emerging technology, there are no 
products that are available in the market, currently.  There are several companies, 
however, such as Meristem therapeutics that are developing gastric lipase in maize which 
is in phase-II development, Large Scale Biology Corporation has a cancer vaccine being 
produced in tobacco for Non-hodgkinôs lymphoma in phase-II development, and Planet 
Biotechnology Inc. a transgenic plant company is developing a product for dental carries 
called CaroRx in tobacco, which is also in phase-II development.  There are other products 
such as alpha galactosidase manufactured in tobacco by Large Scale biology corporation, 
Lactoferrin, and Lysozyme manufactured in rice by Ventria bioscience, and hepatitis "B" 
vaccine produced in maize by ProdiGene are all in phase-I development.82  Table 17 gives 
a partial list of publicly disclosed plant-derived Bio-Pharmaceuticals.  All permit information 
for these companies and their field tests is publicly available from the USDA.83 
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Table 17: Partial list of publicly disclosed plant-derived Bio-Pharmaceuticals 
(2003)84 

 
Nature molecule Plant Institution or Company 

Anti-herpes simplex mAb Maize Epicyte (US) 

Hepatitis B (edible) vaccine Tomato, potato, maize 
Arizona State University and 
Prodigene (US) 

Human plasminogen Duckweed Biolex (US) 

Human intrinsic factor Arabidopsis Cobento Biotech (Denmark) 

TGF-ß Tobacco Croptech Corporation (US) 

IL-10 Tobacco Plantigen (Canada) 

Factor IX Moss Greenovation (Germany) 

Non-Hodgkin's lymphoma 
vaccine 

Tobacco 
Large Scale Biology Corporation 
(US) 

Various plasma proteins Alfalfa Medicago (Canada) 

Gastric lipase Tobacco, maize Meristem Therapeutics (France) 

Various antimicrobial peptides Potato Planton (Germany) 

 
 
Large agriculture biotech players such as Dow and Monsanto offer contract manufacturing 
of monoclonal antibodies in plants.  Besides these large companies, there are about 
9 transgenic plant companies in the US focused on developing pharmaceuticals that 
include vaccines, monoclonal antibodies, recombinant proteins, and human enzymes for 
diseases like cancer, cystic fibrosis, travellerôs diarrhoea, dental carries, etc.85  Table 18 
provides an overview of the competitive stricture of US PMP companies. 
 
Table 18: PMP production market: companiesô competitive structure (US), 200386 
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There are about nine plant-made pharmaceutical production companies using different 
plants and technologies for the production of vaccines, monoclonal antibodies, 
recombinant proteins, other human proteins, and enzymes.87  Given below are some of the 
key technologies of these PMP companies. 
 
(a) Biolexô Lemna System 
 
Biolex uses the Lemna plant (better known as duckweed) for the production of proteins.  
The transfer of gene to the Lemna plant takes approximately six weeks.  The advantage of 
using Lemna is the fast growth rate of the plant.  It doubles its biomass every 1.5 days and 
its biomass averages about 35% protein on a dry weight basis, translating to large yields 
of recombinant protein.88 
 
(b) Epicyteôs Plantibodies Biologics Expression System 
 
Epicyte has a patented technology for an antibody expression system in maize called 
ñPlantibodies.ò  This process involves the identification and characterisation of the target 
gene or human monoclonal antibody developed through either transgenic mouse systems 
or by humanization of mouse antibodies.  This antibody gene is then inserted into DNA 
vector and is made to express in a whole plant or specific part of the plant.  The 
transformed cells are isolated with the help of a marker gene and the whole plant is 
regenerated.  The regenerated plant produces human monoclonal antibodies which are 
extracted from the plant and purified.  Epicyte has also entered into an agreement with 
Dow Pharma, whereby Dow Pharma uses the Plantibodies technology for the production 
of monoclonal antibodies and recombinant proteins in maize.89 
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(c) Prodigeneôs Transgenic Plant System 
 
ProdiGene is a private biotechnology company pioneering the use of transgenic plants to 
produce recombinant proteins for the pharmaceutical, animal health and industrial protein 
markets.  They were the first company to produce and market a recombinant protein 
product from transgenic plants.90 
 
ProdiGeneôs proprietary transgenic plant system is a highly efficient platform technology 
for the expression of recombinant proteins in maize.  It is a fully integrated system from 
gene insertion to protein purification.  This technology allows actual production of a wide 
range of proteins including vaccines, enzymes, monoclonal antibodies, and therapeutic 
proteins.  The significant advantage of this technology is that more than one recombinant 
protein can be simultaneously produced in the same plant and proteins can be produced in 
an edible form for oral delivery.91  Information on two of Prodigeneôs maize-based products 
(AproliZean and TrypZean) is appended as Appendix II.  ProdiGene's proven technology 
provides safe, non-animal sourced proteins, along with significant economic benefits over 
traditional production methods.  With a full pipeline of products in development, and 
relationships with major pharmaceutical leaders, ProdiGene is redefining the protein 
manufacturing industry and building acceptance of large scale, plant based protein 
manufacturing.92 
 
(d) Large Scale Biology Corporationôs Geneware Technology 
 
Geneware is a proprietary technology of Large Scale Biology Corporation (LSBC), which is 
used for testing novel genes and the proteins they encode, it is also used to manufacture 
complex proteins in bulk.  Genewareôs basic principle is to use a safe vector modified from 
a virus to place any gene (or a large number of genes) within a test organism.  The 
organism then manufactures the geneôs protein product.  Geneware currently uses 
tobacco plants for production of proteins.  LSBC is also working on a version for 
manufacturing proteins in cultured mammalian cells.  In biomanufacturing, Geneware is 
used to manufacture a range of products, including personalised cancer vaccines and 

a-galactosidase, a novel enzyme replacement therapy for Fabryôs disease.93 
 
(e) Medicagoôs Alfafa System 
 
Medicagoôs manufacturing technology uses alfalfa to manufacture the protein of interest. 
The process involves five stages. The gene of interest provided by a partnering company 
or a client of Medicago is inserted into an expression cassette, this cassette is 
mechanically inserted into the alfalfa genome, and the transformed plants are grown 
depending on the requirement and harvested.  The harvested plants are processed in a 
cGMP facility where the cellular juice is extruded and the molecule of interest is separated 
and purified.94 
 
(f) Meristemôs Therapeuticsô Molecular Pharming 
 
Meristem uses a technology called molecular pharming.  Maize is the crop used for the 
production of pharmaceutical products.  The process consists of four stages.   
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The first stage is identification of the target gene and the development of the gene 
construct with the appropriate promoter sequence; the gene construct is inserted into the 
plant cell.  These engineered cells are allowed to grow and form groups known as calli, 
which are then grown into plantlets with the gene of interest.  The plants are grown on a 
large-scale through field production.  The recombinant protein is then extracted and 
purified.95 
 
(g) SemBioSysô Oilbody Technology 
 
SemBioSys, a Canadian transgenic plant company uses safflower seeds to express 
proteins.  Its proprietary oilbody technology, Stratosome biologics system, DermaSphere 
ingredient system, and StratoDerm skin care system are enabling technologies that allow 
for the attachment of proteins to oilbodies (natural oil storage organelles found in oilseeds) 
through direct targeting or affinity capture.  The protein can be separated from other 
components of oil and purified.96 
 
(h) Ventria Bioscienceôs ExpressTec Technology 
 
The technology platform of Ventria Bioscience is called ExpressTec.  This protein/peptide 
production system uses rice to produce innovative animal and human health products.  
The molecular size ranges from larger than 50kD to lesser than 10kD.  The benefit of 
ExpressTec according to Ventria Bioscience is that it is a safe and closed production 
system.  In self-pollinating crops such as rice and barley, the risks of cross pollination and 
inadvertent contamination of food crops is less when compared to other production 
systems like maize, because the drift of pollen in rice is limited to only about fifteen feet; in 
maize, the pollen drift is more than thousand feet.97 
 
Ventria Bioscience (Sacramento, CA) had applied for the go-ahead to cultivate GM rice 
that synthesizes the antimicrobial pharmaceutical proteins, lactoferrin and lysozyme.  
Although the California Rice Commission favoured Ventria's plans for a 120-acre 
development, the California Department of Food and Agriculture rejected the application, 
because the company lacked approval from federal agencies.  Reports surfaced a few 
months later that Ventria has decided to scale back plans for production of pharmaceutical 
rice in California.  The company intends to plant a test crop of lactoferrin-producing GM 
barley in Iowa, a state that does not have an established barley industry.98 
 
(i) Dow AgroSciences 
 
Dow AgroSciences (Indianapolis, IN) shares an interest in vaccines aimed at the animal 
health industry.  The company is building a plant-based vaccine manufacturing facility in 
Lincoln, NE, and plans to launch the first plant-made vaccine for the poultry industry in 
2006.99  The company is quoted as offering contract manufacturing of monoclonal 
antibodies in plants.100 
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5.3 Patent information on PMPs 
 
Tables 19 and 20 list some examples of patents relating to PMPs.  This is by no means a 
complete list but does provide an indication of the various technologies used by 
researchers / applicants and the associated companies. 
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5.3 Patent information on PMPs 
 
Table 19:  USPTO patents101 
 

Document 
number 

Inventor(s)/ Assignee: Date Title 

Patent applications 

20050166290 All, Benjamin P.; Howard, John A. 2005-07-28 Expression cassettes and methods for delivery of animal vaccines 

20050050602 
Altosaar, Illimar; Sardana, Ravinder; 
Dudani, Anil; Ganz, Peter; Tackaberry, 
Eilleen 

2005-03-03 Production of GM-CSF in plants 

20030159182 
Tackaberry, Eilleen; Dudani, Anil; Ganz, 
Peter; Sardana, Ravinder; Altosaar, Illimar 

2003-08-21 Production of therapeutic proteins in transgenic cereal crops 

2002058312 BP All; JA Howard 2002-05-16 Expression cassettes and methods for delivery of animal vaccines 

Granted patents 

6,890,748 
Garger; Stephen J.; Turpen; Thomas H.; 
Kumagai; Monto H. 

2005-05-10 Production of lysosomal enzymes in plants by transient expression 

6,815,184 
Stomp; Anne-Marie; Dickey; Lynn; 
Gasdaska; John 

2004-11-09 Expression of biologically active polypeptide in duckweed 

6,800,792 
Howard; John A.; Hood; Elizabeth; Jilka; 
Joseph 

2004-10-05 Commercial production of laccase in plants 

6,800,748 Holzberg; Steven P.; Pogue; Gregory P. 2004-10-05 
Cytoplasmic inhibition of gene expression and expression of a 
foreign protein in a monocot plant by a plant viral vector 

6,781,044 Rodriguez; Raymond L.; Huang; Ning 2004-08-25 Plant selectable marker and plant transformation method 

6,777,591 
Chaudhary; Sarita; van Rooijen; Gijs; 
Moloney; Maurico; Singh; Surindor 

2004-08-17 
Legume-like storage protein promoter isolated from flax and methods 
of expressing proteins in plant seeds using the promoter 

6,761,914 

Deckers; Harm M.; van Rooijen; Gijs; 
Boothe; Joseph; Goll; Janis; Moloney; 
Maurice M.; Schryvers; Anthony B.; 
Alcantara; Joenel; Hutchins; Wendy A 

2004-07-13 Immunogenic formulations comprising oil bodies 

6,617,431 

Gruber; Veronique; Exposito; Jean-Yves; 
Ruggiero; Florence; Comte; Jeanne; 
Garrone; Robert; Merot; Bertrand; Bournat; 
Philippe 

2003-09-09 
Recombinant collagen and derived proteins produced by plants, 
methods for obtaining them and uses 

6,569,831 
Legrand; Dominique; Salmon; Valerie; 
Spik; Genevieve; Gruber; Veronique; 
Bournat; Philippe; Merot; Bertrand 

2003-05-27 Recombinant lactoferrin, methods of production from plants and uses 
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6,528,063 

Stram; Yehuda; Rogel; Arie; Sela; Ilan; 
Edelbaum; Orit; Shachar; Yehoshua; 
Zanberg; Yehuda; Gontmakher; Tanya; 
Khayat; Eli 

2003-03-04 Recombinant vaccines against IBDV 

6,420,548 
Vezina; Louis-Philippe; D'Aoust; Marc-
Andre 

2002-07-16 Method for regulating transcription of foreign genes 

6,344,600 

Merot; Bertrand; Dieryck; Wilfrid; Lenee; 
Philippe; Marden; Michael; Gruber; 
Veronique; Pagnier; Renee-Josee; 
Baudino; Sylvie; Poyart; Claude 

2002-02-05 Method for producing human haemoglobin proteins using plant cells 

6,136,320 Arntzen; Charles Joel; Lam; Dominic Man-
Kit 

2000-10-24 Vaccines expressed in plants 

5,650,554 Moloney; Maurice 1997-07-22 Oil-body proteins as carriers of high-value peptides in plants 

6,288,304 Moloney; Maurice M.; Habibi; Hamid R 2001-09-11 Expression of somatotropin in plant seeds 

 
 
Table 20: EPO sourced patents102 
 

Publication info Inventor Applicant Title 

CA2400887; 2003-
02-28 

E Tackaberry;  E Tackaberry; P Gantz Production of therapeutic proteins in transgenic cereal crops 

CA2356473; 2003-
02-28 

P Gantz; A Dudani 
Sardana Ravinder (Ca); 
Canada Natural Resources 

Production of therapeutic proteins 

WO9710347; 1997-
03-20 

JA Howard; BP All JA Howard Expression cassettes and methods for delivery of animal vaccines 
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Microbial fermentation and mammalian cell culture production take place in large stainless 
steel tanks under strictly maintained conditions.  The capital, time and labour required to 
construct such a production facility are significant: in the range of $300 million per product 
and 5 years to design, build and qualify the facility for production.  If the drug is to be ready 
for market as soon as possible after approval, this financial commitment must be made 
while the candidate drug is still in Phase I trials, with no assurance that it will be approved.  
If the drug exceeds expectations, or is approved for additional indications, increasing 
production requires finding or building new capacity.103 
 
Making drugs from plants is potentially less expensive than producing drugs in the 
conventional way.  PMPs are also safe from harmful prions.  Figure 3 is the diagrammatic 
representation of a typical transgenic plant production process. 
 

 
 
Figure 3: Transgenic plant production technology104 
 
The processes and technology involved in the preparation of genetically modified plants 
and plant-based pharmaceutical production are more or less similar.  The major steps 
involved are: 

¶ Identification and location of plant genes for agriculturally important traits and 
expression of pharmaceutically important proteins; 

¶ Designing genes for insertion; 

¶ Transformation of the plants; 

¶ Selection and regeneration, and 

¶ Volume production. 
 
The production, storage, purification, and extraction are undertaken in a highly regulated 
environment and monitored by a government-regulated stewardship program.105 
 
There are a few techniques that are used to express a human therapeutic protein in plant 
tissues.  The human protein can be expressed in the whole plant, specific tissues such as 
whole leaves, whole seeds or even specific regions of the leaves or seeds.   
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Basically, the process involves incorporating the desired foreign gene into the genome of 
the plant to create a transgenic plant or introduce the gene through external means into 
the plant and just transform that plant to make the desired product.  The transformation to 
create a transgenic plant can be effected in one of two ways.  In one method, the foreign 
gene is deposited on gold particles and bombarded onto the biological target tissue by a 
technique called particle bombardment using a biolistic device (biological ballistics).  The 
gene is taken up by the tissue which can then be grown into a plantlet and further into a 
plant in growth chambers and green houses.  A functional plant results from this operation 
and can be propagated for planting in open fields. 
 
In the operation mentioned above the foreign protein is directed to be expressed in the 
seeds.  The seeds are harvested and the foreign protein can be purified.  In another 
method, the soil pathogen, Agrobacterium tumifaciens, can be modified with the foreign 
gene and the plant can be infected with the bacterium.  The gene of interest gets 
incorporated into the plant genome which can then be further propagated.  Several plants 
such as tobacco, maize, rice, wheat, rapeseed, tomato, potato and mustard have been 
transformed using these two techniques.  However, it is not absolutely necessary that a 
transgenic plant is created in order to make the therapeutic protein in the plant.  In order to 
meet objections that the transgenic plants have a potential to spread into the environment 
some other techniques have been devised.  These involve asexual reproduction of plants, 
and developing male-sterile plants, among other possibilities. 
 
There have been extensive research and development activities in making vaccines and 
other therapeutic proteins in the tobacco plant, potato and banana.  The vaccines 
expressed in potato and banana can be consumed as ñedible vaccinesò.  Tobacco also fits 
the category of a non-food crop which is ideal to prevent contamination of other food 
crops.  Large Scale Biology Corporation is using a patented technique called GeneWare® 
which involves growing a normal tobacco plant and then infecting it with a virus called 
Tobacco Mosaic Virus containing the foreign gene of interest.  The virus has been ñtamedò 
so that it does not spread or infect other plants. The foreign protein concentrates in the 
leaves.  The leaves can be harvested and processed to isolate the therapeutic protein.  
Another company, CropTech Corporation, developed a technique called MeGA-PharM® 
whereby the gene introduced enables the tobacco plant to develop normally and the 
protein of interest is produced only upon causing an injury to the plant, in this case 
harvesting the leaves.  In another technique involving the tobacco plant, particle 
bombardment is used to introduce foreign genes into leaf chloroplasts (the leaf tissues 
which contain the green pigment chlorophyll) where the gene integrates into the genome 
and expresses the foreign protein. There are about 100 chloroplasts per each cell in the 
leaf accounting to some 10 000 genome copies per cell.  The gene is contained in the 
chloroplasts and not the rest of the plant. This method enables biological containment by 
elimination of the transmission of transgenes via the pollen or seeds. 
 
There are some seeds which are rich in oil such as soybean, maize, rapeseed, peanut and 
mustard.  The oil is stored in such seeds as oil bodies with some structural proteins known 
as oleosins.  Human therapeutic protein genes have been fused with the gene for oleosin 
and expressed as oil bodies.  The oil bodies can then be isolated and the protein of 
interest separated from oleosin.  Phytomedics and Photosynthetic Harvest Inc. are two 
companies which use patented technology called rhizosecretion in tobacco plants.  The 
roots of the plant continuously secrete recombinant proteins into a liquid medium 
(hydroponic medium) thus simplifying the purification process.  Biolex keeps its transgenic 
plants indoors.   
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It uses a fast-growing aquatic plant called Lemna (commonly known as duckweed) to 
produce a variety of proteins including antibodies, interferon and human growth hormone.  
The plant is not a crop plant but the foreign proteins can be expressed in the biomass in 
large quantities. 
 
There are two different types of plant expression systems - vegetative and grain-based 
systems.  Vegetative type expression system uses plants such as tobacco and alfalfa, 
while grain-based systems use maize, rice, etc.  The duration of the life of the active 
protein within the system varies between the two different systems.  The life of the protein 
in grain-based system can be as long as 2-3 years, whilst it is significantly shorter in 
vegetative-based systems.  The other benefit of grain-based system includes the ability to 
store at room, and even elevated, temperatures, without affecting the activity of the 
proteins.  In the vegetative system, however, the quantum and quality of yield of proteins 
are better than grain based system.106 
 
The following few paragraphs summarise a few of the more relevant patents and patent 
application listed in Tables 19 and 20.  This section attempts to provide an overview of the 
technologies used by the various researchers / applicants and associated companies, and 
should be read in conjunction with the information provided in Section 5.2.2. 
 
US patent 6,815,184 (2004) describes the expression of biologically active polypeptide in 
duckweed.  The methods, nucleic acid sequences, and transformed duckweed plant or 
duckweed nodule cultures for the expression and the secretion of biologically active 
polypeptides from genetically engineered duckweed are provided.  The expression of 
recombinant polypeptides in duckweed is improved by modifying the nucleotide sequence 
of the expression cassette encoding the polypeptide for improved expression in duckweed.  
The recovery of biologically active polypeptides from duckweed is improved by linking the 
biologically active polypeptide to a signal peptide that directs the secretion of the 
polypeptide into the culture medium.  The assignee for this patent is Biolex, Inc. 
 
In US patent 6,136,320 (2000) the anti-viral vaccine is produced in transgenic plants and 
then administered through standard vaccine introduction method or through the 
consumption of the edible portion of those plants.  A DNA sequence encoding for the 
expression of a surface antigen of a viral pathogen is isolated and ligated to a promoter 
which can regulate the production of the surface antigen in a transgenic plant.  This gene 
is then transferred to plant cells using a procedure that results in its integration into the 
plant genome, such as through the use of an Agrobacterium tumenfaciens plasmid vector 
system.  The foreign gene is preferably expressed in a portion of the plant that is edible by 
humans or animals.  In a preferred procedure, the vaccine is administered through the 
consumption of the edible plant as food, preferably in the form of a fruit or vegetable juice 
which can be taken orally.  This patent describing the expression of vaccines in plants is 
assigned to Prodigene, Inc. 
 
ProdiGene Inc. also described the commercial production of laccase in plants in US patent 
6,800,792 (2004).  The laccase gene is preferably operably linked with promoter 
sequences preferentially directing expression of laccase to the seed of the plant, and may 
additionally include sequences directing expression to the plant cell wall.  Methods of 
improving the process of introducing DNA into plants via Agrobacterium are also provided. 
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US patent 6,781,044 (2004) describes Ventria Bioscienceôs plant selectable marker and 
plant transformation method.  A plant transformation vector for transforming host plant 
cells with a chimeric selectable marker gene is disclosed.  The gene includes, operatively 
linked in sequence in a 5' to 3' direction, (i) a DNA promoter sequence from the rice 
beta-glucanase 9 (gns9) gene; (ii) a selectable marker gene, and (iii) a 3' untranslated 
terminator region.  Also disclosed are a vector pair containing the transformation vector, a 
method of obtaining transformed monocots whose seeds produce a selected heterologous 
protein during seed germination, and a plant whose cells are transformed with the chimeric 
selectable marker gene. 
 
SemBioSys Genetics Inc. has several patents related to oil-body proteins (US 6,924,363; 
US 6,777,591; US 6,761,914; US 5,650,554).  US patent 5,650,554 (1997) specifically 
relates to the use of a class of genes called oil body protein genes that have unique 
features.  The discovery of these features allowed the invention of methods for the 
production of recombinant proteins wherein a protein of interest can be easily separated 
from other host cell components.  The invention is further exemplified by methods for 
exploitation of the unique characteristics of the oil body proteins and oil body genes for 
expression of polypeptides of interest in many organisms, particularly plant seeds.  The 
polypeptides may include but are not limited to: seed storage proteins, enzymes, bioactive 
peptides, antibodies and the like.  The invention can also be modified to recover 
recombinant polypeptides fused to oleosins from non-plant host cells.  In addition, the 
invention provides a method of using recombinant proteins associated with seed oil bodies 
released during seed germination for expression of polypeptides that afford protection to 
seedlings from pathogens.  The persistent association of oil body proteins with the oil body 
can also be further utilised to develop a biological means to create novel immobilized 
enzymes useful for bioconversion of substrates. 
 
Meristem Therapeutics S.A. is the assignee of several PMP-related patents.  
US patent 6,617,431 (2003) describes the production of recombinant collagen and derived 
proteins by plants.  The invention concerns the use of a recombinant nucleotide sequence 
containing a cDNA coding for one or several mammalian collagen chains or derived 
proteins and elements enabling a plant cell to produce the collagen chains(s) or derived 
proteins, coded by said cDNA, particularly a transcription promoter and terminator 
identified by the transcription machinery of the plant cells, for transforming the plant cells 
so as to obtain from these cells, or plants obtained from them, the collagen chain(s) or 
derived proteins.  The invention also concerns the resulting proteins and transformed plant 
material as well as their uses.  US patent 6,569,831 (2003) describes methods of 
production of recombinant lactoferrin from plants.  The invention concerns the use of a 
recombinant nucleotide sequence containing a cDNA coding for a lactoferrin, in particular 
human lactoferrin, or the derived proteins, and elements enabling a plant cell to produce 
lactoferrin or the derived proteins, coded by the cDNA, in particular a transcription 
promoter and terminator identified by the plant cell transcription machinery, to transform 
plant cells in order to obtain, from these cells, or the plants obtained, lactoferrin or derived 
proteins.  US patent 6,528,063 (2003) describes a stable vaccine for providing protection 
against disease having viral proteins transgenically as well as a stable vaccine which 
provides protection against disease containing viral protein and coding sequences cloned 
into an E. coli expression system.  Both vaccines are expressed in plants.  A method of 
vaccination by transgenically expressing viral proteins capable of providing protection 
against disease into plant cells and administering the plant cells to an animal in need of 
vaccination is provided.  Also provided is a method of vaccination by cloning viral protein 
and coding sequences capable of providing protection against disease into an E. coli 
expression system and administering the E. coli into the animal in need of vaccination.  
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Lastly US 6,344,600 (2002) gives a method for producing human haemoglobin proteins 
using plant cells.  The method comprises (i) inserting into plant cells one or more nucleic 
acid molecules that each comprise at least one sequence coding for a protein component 
of a human haemoglobin protein capable of reversibly binding oxygen, and optionally a 
sequence coding for a selection agent; (ii) selecting cells containing nucleic acid coding for 
the protein component of the human haemoglobin protein; (iii) optionally propagating the 
transformed cells either in a culture or by regenerating whole transgenic or chimeric plants; 
and (iv) recovering and optionally purifying the human haemoglobin protein that includes a 
complex consisting of the protein or proteins coded for by the nucleic acid and at least one 
iron-containing polphyritic nucleus, or a plurality of such complexes. 
 
US patent 6,420,548 (2002) gives a method for regulating transcription of foreign genes.  
The invention relates to the use of expression vectors harbouring the coding sequence of 
a gene of interest under the transcriptional control of promoting sequences for which 
activity is regulated by the presence of nitrogen.  This patent is assigned to Medicago Inc. 
 
The production of lysosomal enzymes in plants by transient expression (US 6,890,748), 
and the cytoplasmic inhibition of gene expression and expression of a foreign protein in a 
monocot plant by a plant viral vector (US 6,800,748) are both claimed by the Large Scale 
Biology Corporation. 
 
The present invention (US patent application 20050166290) provides an expression 
cassette for expressing vaccine antigens in a plant cell.  The expression cassette includes 
a DNA sequence which encodes for at least one vaccine antigen which is operably linked 
to transcriptional and translational control regions functional in the plant cell.  The vaccine 
antigens of the invention are useful for protection of an animal against mucosal diseases 
such as Transmissible Gastroenteritis Virus (TGEV) and rotavirus.  The invention also 
provides a transgenic plant and transgenic plant seed which has been stably transformed 
to express a vaccine antigen which is included in an expression cassette of the invention. 
The transformed plant and plant cells may be from monocot or dicot plants and include, for 
example, maize, soybeans, sunflower, canola or alfalfa.  The transgenic plants and plant 
seeds of the invention may be used as a feed composition for animals.  Alternatively, the 
transgenic plant and plant seeds of the invention may provide an immunogenic 
composition for protecting animals against mucosal diseases after oral administration. 
 
The production of therapeutic proteins is described in CA 2356473.  A herpes virus 
vaccine is produced in the seeds of a cereal crop and a method of producing the vaccine 
is described.  The method comprises : a) obtaining a nucleic acid sequence encoding a 
herpes virus antigen; b) introducing the nucleic acid sequence into cereal plant tissue 
competent to form seeds; c) permitting said cereal plant tissue to develop; and, d) directing 
preferential expression of the antigen encoded by the nucleic acid sequence in seeds 
formed by the cereal plant tissue.  Herpes viruses antigens of particular interest include all 
or antigenic portions of gB (from human cytomegalovirus ("HCMV")), gH (from HCMV), 
and gD (from herpes simplex virus 1 or 2), as well as antigens from Epstein Barr virus and 
varicello-zoster virus-8.  Envelope glycoproteins from herpes viruses are antigens of 
interest.  Cereal crops of particular interest include rice, wheat, oats, barley, and maize.  
Vaccines produced according to this invention are very stable and may be administered by 
a variety of routes, including injection and contact with mucosal membranes, such as by 
oral administration in purified or unpurified form. 
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As there would be no vaccine for HIV in the foreseeable future, a female-controlled 
alternative to the prevention of viral transmission could be through the use of topical HIV 
microbicides.  Researchers have been working on a five-year programme to put HIV 
antibodies into a plant and then take that product all the way through the regulatory trail.  
Producing HIV antibodies in maize would be advantageous because maize can be 
produced all year round and there was good knowledge of the genetics of maize.107 
 
 
6. Maize-derived food gums 
 
6.1 Background 
 
The hydrocolloids category encompasses a range of products that can perform a variety of 
functions, such as thickening, setting, gelling, suspending, and stabilising.  In performing 
these functions, they often also contribute to texture and mouthfeel.  The hydrocolloids 
category is very broad and includes products such as gums, gelatin, and starches.  The 
key hydrocolloid categories are listed below: 
 

¶ Starches and modified starches:  
There are two main types - native / base starch and modified starches.  Starches are 
mainly sourced from maize, wheat and potato, while starches from tapioca (cassava), 
rice, arrowroot and barley are also used on a smaller scale for specific niche 
applications.  Modified starches are produced through the physical or chemical 
modification of base starches.  Starches are found in a large number of processed 
foods, performing a range of different functions including thickening, binding, the 
stabilisation of textures, and the replacement of milk or fat solids.  In addition to the 
food and drinks industry, starches are used in a wide range of other industries, 
including pharmaceuticals, paper and board, plastics, detergents, adhesives, 
cosmetics, toiletries, and even textiles. 

¶ Gelatin: 
Gelatin is distinct from the other hydrocolloids in that it is protein rather than 
carbohydrate-based.  It is extracted from animal skin and bone (around 29% from 
bone and 71% from skin).  It is most widely used in the dairy, confectionery and meat 
products industries. 

¶ Gums: 
There are a number of natural and semi-synthetic gums used as hydrocolloids in the 
food industry.  These include guar gum, locust bean gum, xanthan gum, gum arabic, 
and gellan gum, with other varieties being karaya, tragacanth and tara gums.  They 
are most widely used as thickening agents, with major applications including sauces 
and dressings, fruit preparations, desserts, soft drinks, and confectionery. 

¶ Seaweed derivatives: 
This category includes alginates, carrageenan and agar, all derived from seaweed.  
They serve a number of purposes, including gelling, thickening, and stabilising, with a 
multitude of applications in the food industry.  Key applications include use in the 
desserts dairy products, fruit preparations, sauces and dressings, and meat products 
categories. 

¶ Pectins: 
Commercial pectins are mainly extracted from fruit solids remaining after juice 
extraction - in particular, apple pomace and citrus peel.  They are most widely used in 
the stabilising and thickening of fruit-based products. 
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¶ Cellulose derivatives: 
Cellulose plant fibres are used in the food industry for binding, thickening and 
stabilising applications.  The main types are CMC (carboxy methyl cellulose), MCC 
(microcrystalline cellulose), MC (methyl cellulose), and HPMC (hydroxypropyl methyl 
cellulose).  Main applications include ice cream, fruit drinks, bakery products, formed 
meat and vegetable products, and sauces.108 

 
The particular target product for this section is a food gum called Zeagen (based on maize 
fibre), which is intended as substitute for imported arabic gum. 109 
 
6.2 Market size 
 
Hydrocolloids represent a major part of the international food additives market, largely 
owing to their versatility with regard to function and wide range of products available in the 
sector.  Total global sales of hydrocolloids for food use were reported to be worth almost 
US$3billion in 2001, up 1.3% on the previous year (Table 21).  Starch represents the 
largest sub-sector overall, accounting for almost a quarter of the market value.  The other 
major category is gelatin, which represents 22% of the market value; gums accounted for 
20%, and seaweed derivatives for 18%.110 
 
Table 21: World market for hydrocolloids by value type (2000-2001) 
 

 2000
 

2001
a
 % Share 

Starches 6990 698 23 

Gelatin 645 650 22 

Gums
b 

586 598 20 

Seaweed derivatives
c 

521 528 18 

Pectin 319 330 11 

Cellulose derivatives
d 

150 153 5 

Others 15 15 1 

Total 2 926 2 972 100 
a
 estimate 

b
 includes xanthan gum, gum Arabic, locust bean gum, guar gum, and other food gums 

c
 includes carrageenan, agar and alginates 

d
 includes CMC, MCC and MC / HPMC 

 
It is reported that, of the total market value, Western Europe accounts for 36% of sales, 
the US for 32%, Asia for 25%, and others for 7%.  Volume sales are estimated at over 
1.5 million tonnes, the bulk of which is made up of starch (Table 22). 
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Table 22: World market for hydrocolloids by volume and type (2001)a 
 

 Volume (ô000 tonnes) % Share 

Starches 1 210 77 

Gelatin 175 11 

Gums
b 

90 6 

Seaweed derivatives
c 

45 3 

Pectin 30 2 

Cellulose derivatives
d 

20 1 

Others na - 

Total 1 570 100 
a
 estimate 

b
 includes xathan gum, gum Arabic, locust bean gum, guar gum, and other food gums 

c
 includes carrageenan, agar and alginates 

d
 includes CMC, MCC and MC / HPMC 

 
6.2.1 Starches111 
 
In 2001, the international starch market was valued at an estimated US$698 million, with a 
volume of around 1.2 million tonnes of starch used as hydrocolloids each year (Table 23). 
 
Table 23: World marketa for starch by value (1997-2001) 
 

 Value (US$ x million) % Change 

1997 666 - 

1998 675 +1.4 

1999 682 +1.0 

2000 690 +1.2 

2001
b
 698 +1.2 

a
 only covers sales of starch used in hydrocolloid applications 

b
 estimate 

 
 
There are, however, vastly conflicting figures quoted for the international starch market, 
with different data available for total starch sales, starch sales excluding derivatives, total 
food use, and use as a hydrocolloid.  The figures given in Table 23 are from a source 
which focusses on the international market for hydrocolloids and refers to sales of starch 
used for hydrocolloid applications.  This data is, therefore, comparable with that given for 
other hydrocolloid varieties.  Other sources put total food use of native and modified starch 
(including all food and drink applications) at nearer US$1.5 billion, of which Europe 
accounted for around US$830 million and the US for US$420 million.  By volume, this 
equates to between 2.5 and 3 million tonnes. 
 
6.2.2 Gelatin112 
 
Sales of gelatin for food use were valued at an estimated US$650 million in 2001, up 
around 1 % from US$645 million in 2000 (Table 24), which was equivalent to 22% of total 
hydrocolloid sales.  By volume, sales were an estimated 175 000 tonnes, equivalent to 
nearly 70% of global gelatin production.  Other applications for gelatin include the 
pharmaceutical (24%) and photographic (11%) industries. 
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After a drop in sales during 1998, the market has been recovering following increases in 
prices.  These price rises are a result of various food scares in the meat industry and rising 
energy costs.  The BSE crisis in Europe resulted in a reduction of raw materials available 
for gelatin production, and the recent foot-and-mouth crisis in Britain has also impacted on 
prices in this sector.  In general, meat scares of this kind are also a negative factor for the 
gelatin market, as consumers become increasingly wary of products derived from animals. 
 
Table 24: World marketa for gelatin by value (1997-2001) 
 

 Value (US$ x million) % Change 

1997 645 - 

1998 635 +1.6 

1999 640 +0.8 

2000 645 +0.8 

2001
b
 650 +0.8 

a
 food use only 

b
 estimate 

 
 
Global production of gelatin totalled 255 000 tonnes in 2000, up from 251 000 tonnes in 
1998.  Western Europe accounted for the largest share of output at 113 000 tonnes, or 
44%, in 2000, compared with 54 000 tonnes, or 20%, for North America.  Table 25 shows 
output on a regional basis, as well as a regional breakdown of overall usage of gelatin. 
 
Table 25: World production and usage of gelatine by region (2000) 
 

 
Production volumes 

(tonnes)
 % Share of production % Share of usage 

Europe 113 000 44 43 

Northa America 54 000 21 20 

Asia / Oceania 43 000 17 20 

Southa Merica 36 000 14 11 

Others 10 000 4 6 

Total 255 000 100 100 

 
 
6.2.3 Gums113 
 
Total sales of hydrocolloid gums were valued at US$598 million in 2001 (Table 26).  The 
sector accounts for 20% of total hydrocolloid sales.  Four main types dominate the market, 
i.e. xanthan gum with 40% of sales, gum arabic with 21 %, locust bean gum with 19%, and 
guar gum with over 16%.  By volume, total sales are estimated at around 90 000 tonnes 
per annum. 
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Table 26: World market for hydrocolloid gums by value (2000-2001)a 

 
 2000

 
2001

 a
 % Share 

Xanthan gum 235 240 40 

Gum Arabic 125 125 21 

Locust bean gum 110 115 19 

Guar gum 97 98 16 

Other gums 19 20 3 

Total 586 598 100
 b
 

a
 estimate 

b total does not equal 100 owing to rounding 
 
 
The market has been strongly affected by prices in recent years, with prices of xanthan 
gum having fallen, pushing down the market value despite continued volume growth. 
 
(a) Xanthan gum 
 
Xanthan gum is a bio-synthetic hydrocolloid obtained by the fermentation of the bacterium 
Xanthomonas campestris.  It is most widely used as a thickening agent, although it serves 
a number of applications in a variety of different categories.  It is said to have more 
applications in food than probably any other hydrocolloid, with the possible exception of 
starches. 
 
In 2001, international food use of xanthan gum was valued at around US$240 million.  
While volumes continue to show strong growth (reported at around 7 to 9% a year in the 
US), prices have declined significantly in recent years, so market value has fallen slightly.  
It would appear that prices have since stabilised, however, being put at around US$5 per 
pound in the US in 2001.  By volume, food use of xanthan gum is now estimated to be 
over 20 000 tonnes a year. 
 
(b) Gum arabic 
 
Gum arabic is obtained from acacia trees and much of the world's demand is sourced from 
the Sudan.  It performs a wide range of functions, including stabilising, thickening, 
emulsifying and the forming of films, and it, therefore, has a wide range of different 
applications in the food industry, with the major sectors being confectionery, encapsulated 
flavours, and beverages.  In addition to its food use, gum arabic is also used in 
pharmaceuticals, cosmetics, inks, paints, paper and textiles. 
 
Total worldwide food usage of gum arabic is around 30 000 tonnes, with the market value 
estimated at US$125 million.  The market value has remained relatively static in recent 
years. 
 
(c) Locust bean gum 
 
Along with guar gum and tara gum, locust bean gum is a seed gum belonging to the 
galactomannans family of hydrocolloids, and is derived from the carob or locust bean tree.  
It is most favoured for its thickening and gelling abilities and is used in a range of products 
including ice cream, desserts, mayonnaise, sauces and dressings, and soups.  The world 
market for locust bean gum was valued at US$115 million in 2001, having shown recent 
annual growth of around 4 to 5%.  The market volume is estimated at around 
5 000 tonnes. 
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(d) Guar gum 
 
Guar gum is also a seed gum belonging to the galactomannans family, and is derived from 
the guar plant, mainly cultivated in India and Pakistan.  Like locust bean gum and xanthan 
gum, guar is subject to over-demand when crops are poor and, therefore, its production 
and pricing are cyclical.  The main application for guar gum in the food industry is as a 
thickening agent in drinks, sauces, soups, and frozen foods. 
 
Total demand for guar gum worldwide is estimated to be around 150 000 tonnes a year.  
However, guar is used in a range of different industries in addition to the food industry, 
with other applications including petrol, textiles and paper.  Worldwide food use of guar 
was estimated at almost 35 000 tonnes in 2001, worth US$98 million.  The market has 
remained relatively static in recent years. 
 
(e) Others 
 
Of the other gums used in the international food industry, gellan gum is the most important 
in terms of market size, being valued at around US$15 million in 2000, compared with 
US$3 million for tragacanth, and US$1 million for karaya.  Sales of other gums as a whole 
are reported to be growing at around 3% per annum. 
 
Gellan gum, like xanthan, is derived from a bacterium, Pseudomonas elodea.  It is used as 
a gelling agent in a number of fruit preparations, including desserts, jellies, and fruit fillings.  
It is also used to produce gummy confectionery for the Kosher market, and serves as a 
suspending agent in soft drinks to suspend fruit pulp or jelly beads.  Gum tragacanth is a 
natural tree exudate gum, which is used as a thickener, stabiliser, suspending agent and 
emulsifier.  Main applications include confectionery, icings, dressings, ice cream, and 
some beverages.  Tragacanth is relatively expensive compared with similar gums and its 
use in dressings has largely been replaced by that of xanthan.  Gum karaya is another tree 
exudates gum, which is produced in India and West Africa.  It is used as a thickener and 
as a coating or glazing agent, with its major application being as a thickener in sauces. It is 
also widely used in the pharmaceutical industry.  Another established gum variety is tara 
gum, a seed gum like locust bean or guar, which is used as a thickening agent in sauces 
and soups.  Prior to 1996, it was not approved for use in most European countries and, 
since gaining approval, has only gained a limited number of applications. 
 
The particular target product under review is a food gum called Zeagen (based on maize 
fibre), which is intended as substitute for imported arabic gum.114  The ARS Eastern 
Regional Research Centre (ERRC) has undertaken some projects in this gums area and 
has successfully developed several processes.115  They have specifically developed a new 
process for preparing a high quality, colourless maize fibre gum.  Compositional studies 
are being conducted to determine the usefulness of this product as a food gum, an 
adhesive as well as for other applications.116,117   
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Their product is called Zeagen, and a co-operative R&D agreement between the ARS and 
National Starch and Chemical Company (in 1997) led to a jointly owned patent for the 
preparation and purification of this food gum.118  The potential markets for Zeagen were 
still being studied, but its role was thought to be as a replacement for gum Arabic which is 
imported and commands an annual market of US$50 to 100 million.  Other markets such 
as the natural adhesives market are also probable.119  A commercial product is anticipated 
although not yet available.120 
 
6.2.4 Seaweed derivatives121 
 
Total sales of hydrocolloids derived from seaweed were valued at US$528 million in 2001, 
a 1.3% increase over 2000 (Table 27). 
 
Table 27: World market for seaweed derivative hydrocolloids by value (2000-2001)a 

 
 2000

 
2001

 a
 % Share 

Carrageenan 310 314 60 

Agar 120 122 23 

Alginates 91 92 17 

Total 521 528 100 
a
 estimate 

 
 
Sales equated to nearly 18% of the total hydrocolloids market in 2001.  Following good 
growth in this sector during the 1990s, increased competition from other types of 
hydrocolloid has led to reduced growth rates in recent years.  The largest sector of the 
market is carrageenan, with almost 60% of sales in this category, compared with 23% for 
agar, and 17% for alginates.  By volume, sales are estimated at around 45 000 tonnes a 
year. 
 
(a) Carrageenan 
 
Carrageenan is one of several hydrocolloids derived from seaweed, with its main areas of 
use including milk drinks, creams, dairy desserts, jellies, ham and poultry products, 
powdered desserts, and bakery glazes.  The seaweed from which carrageenan is 
produced is sourced mainly from Asia-Pacific countries such as the Philippines and 
Indonesia, as well as from east Africa. 
 
The world market for carrageenan amounts to around 25 000 tonnes a year, well up on 
levels of around 10 000 tonnes in the 1970s.  Following increases of around 3% to 4% per 
annum in the late 1990s, annual growth has now slowed to around 1 % a year, with market 
value estimated at US$314 million in 2001. 
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(b) Agar 
 
Another seaweed derivative, agar, is primarily used as a gelling agent in jams and 
marmalades, toppings and fillings, confectionery, meat products and dairy products.  By 
far the largest volume, however, is used in Asia for traditional dishes (including noodle 
dishes and jellies).  The world market for agar was valued at US$122 million in 2001, and 
is showing growth of around 2% per annum. It is reported that the market volume is 
around 10 000 tonnes a year. 
 
(c) Alginates 
 
While carrageenan and agar are specific types of seaweed derivative, both from red 
seaweeds, the alginates category is a broader sector bringing together a number of 
different extracts from brown seaweed.  The most significant applications for alginates in 
the food industry include bakery creams, glazes and fillings, sauces and dressings, ice 
cream and desserts, jams and marmalades, and certain beverages.  Overall food use of 
alginates was valued at around US$92 million in 2001, with growth at around 1% per 
annum.  Volume sales are estimated to be around 10 00 tonnes a year.  Total international 
sales of alginates, including non-food use, is estimated at US$250 million, from a total 
volume of 30 000 tonnes.  Textile printing is the main non-food application. 
 
6.2.5 Pectins122 
 
Pectin is most widely used in the stabilising and thickening of fruit-based products as it is 
itself derived from fruit.  The main areas of application are jams and spreads, fruit 
preparations for yoghurt and desserts, fruit fillings, fruit and dairy drinks, and sugar 
confectionery, although it is also increasingly finding use in glazes and sauces for savoury 
products, such as ready meals.  The international pectin market currently amounts to 
around 25 000 to 30 000 tonnes a year.  By value, sales have been increasing steadily, 
rising from US$275 million in 1998 to US$330 million in 2001, representing 11% of the 
total hydrocolloids market.  Growth can be largely attributed to growth in the yoghurt, 
desserts, and fruit drinks markets around the world. 
 
6.2.6 Cellulose derivatives123 
 
There are three main cellulose derivatives that are used in the food and drinks industry as 
hydrocolloids.  Perhaps the most widely used is CMC, while the others are MCC, and 
MC/HPMC.  The cellulose derivatives perform a variety of differing functions in foods, 
including binding, thickening, stabilisation, suspension, and moisture retention.  The main 
areas of application include ice cream, fruit drinks, bakery products, formed meat and 
vegetable products, and sauces.  Total global usage of the cellulose derivatives is 
estimated at around US$1.7 billion a year, from a total volume of between 250 000 and 
300 000 tonnes.  However, food use is much lower at around US$153 million in 2001 
(representing 5% of total hydrocolloid sales), up slightly from US$146 million in 1998.  It is 
estimated that total volume sales for food use amount to a combined 20 000 tonnes.  
Within the total market, CMC represented 42% of sales in 2001, MC/HPMC 33%, and 
MCC 25%.  Growth is strongest in the MC/HPMC sector, which has increased its share of 
sales from 23% in 1998, taking share from each of the other two varieties (Table 28). 
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Table 28: World market for cellulose derivative hydrocolloids by value (2000-2001)a 

 

 2000 2001 a % Share 
CMC 65 64 42 

MCC 40 39 33 

MC / HPMC 45 50 25 

Total 150 153 100 
a
 estimate 

 
6.3 Future trends124 
 
Modest yet steady growth is predicted for the international hydrocolloids market as a 
whole, with sales forecast to reach US$3.15 billion by 2005, increasing at around 1 to 2% 
per annum (Table 29).  Price trends can have a major effect on this category, however, 
and any sharp changes in price levels can prompt more significant growth or decline by 
value. 
 
Table 29: Trends in the world hydrocolloids market by value (1998-2005) 
 
 Value (US$ x million) % Change per annum 

1998 2001
a 

2005
a 

1998-2001 2001-2005 

Starches 675 698 720 +1.1 +0.8 

Gelatin 635 650 670 +0.8 +0.8 

Gums 569 598 630 +1.7 +1.3 

Seaweed 
derivatives 

509 528 560 +1.2 +1.5 

Pectin 275 330 390 +6.3 +4.3 

Cellulose 
derivatives 

146 153 160 +1.6 +1.1 

Others 11 15 20 +10.9 +7.5 

Total 2 820 2 972 3 150 +1.8 +1.5 
a
 estimate 

 
 
In volume terms, sales are projected to reach over 1.68 million tonnes in 2005, showing 
annual growth of 1.7% for the next four years (Table 30).  The market for hydrocolloids is 
generally fairly mature, but continued innovation in the food industry continues to open up 
new areas of use and applications.  For example, only a few years ago, drinks with 
suspended jelly particles were a popular fad that led to increased demand for certain 
hydrocolloids. 
 
Table 30: Trends in the world hydrocolloids market by volume (1998-2005) 
 
 Volume (ô000 tonnes) % Change per annum 

1998 2001
a 

2005
a 

1998-2001 2001-2005 

Starches 1 000 1 210 1 300 +6.6 +1.8 

Gelatin 170 175 180 +0.1 +0.7 

Gums 85 90 95 +1.9 +1.4 

Seaweed derivatives 40 45 50 +4.0 +2.7 

Pectin 25 30 35 +6.3 +3.9 

Cellulose derivatives 20 20 21 nc +1.2 

Others na na na - - 

Total 1 340 1 570 1 681 +5.4 +1.7 
a
 estimate 
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Key trends that could affect the hydrocolloids market in the next few years are addressed 
below: 
 

¶ Consumer aversion to GM crops, particularly in Europe, could impact on maize 
starch and xanthan gum sectors.  Starch has traditionally benefited from being 
cost-effective and ñlabel-friendlyò.  Consumers tend to accept starch as being 
natural and non-animal and it has, therefore, been a ñsafeò ingredient to feature on 
labels of food products.  However, increased use of genetic modification in maize 
output could affect maize starch usage, particularly in Europe, where GMOs are 
widely rejected by consumers.  Similarly, many xanthan gums are fermented from 
maize syrups, with non maize-derived versions now being offered by some of the 
US producers to address this issue. 

 
¶ Growing consumer demand for vegetarian diets and the BSE crisis have increased 

pressure on gelatine sales.  Alternatives to animal-derived hydrocolloids such as 
gelatine are increasingly being sought by food and drinks manufacturers in 
response to growing demand for vegetarian and Kosher foods.  In addition, the BSE 
crisis in Europe and the subsequent foot-and-mouth outbreak in Britain have led to 
consumers being more wary of foods derived from beef cattle.  However, until new 
replacements are developed, gelatine has various unique benefits over other 
hydrocolloids and its continued use in the food industry is assured for some time. 

 
¶ Ongoing product development and continued innovation essential to future success.  

Increased diversity in the range and applications of hydrocolloids is important to 
future success.  Products are constantly being developed as differentiated forms of 
standard lines to expand possible applications.  Recent innovations have included 
products suitable for use in organic foods (alternatives to modified starches, which 
are not allowed in organic products), gelatine alternatives in certain applications, 
and fat replacement products. 

 
¶ Fat replacement opportunities for various hydrocolloids bode well for future sales.  

The replacement of fat solids with certain hydrocolloids, particularly in bakery 
products and processed foods, is an important asset for the category, with demand 
for fat-free and low-fat foods remaining high in Western countries. 

 
¶ Various health claims could boost certain sectors of the market.  In light of the 

increased demand for functional foods around the world, there are various health 
issues that could benefit certain hydrocolloids in the future.  For example, both gum 
arabic and modified guar gum are becoming widely used as sources of soluble 
fibre.  Meanwhile, claims have also been made recently that certain gelatine 
varieties can help in the prevention of arthritis; links of this kind to health issues can 
only be beneficial to the sector. 

 
¶ Growth in soft drinks and convenience foods will benefit the market.  Continued 

growth in certain sectors of the food market will benefit the hydrocolloids market.  
Applications in the soft drinks market should continue to grow as continued 
innovation takes place in this area, while growth in convenience soups and sauces 
will also prove advantageous.  In contrast, however, certain other applications for 
hydrocolloids are mature categories, e.g. jams and dry mix foods, offering few 
opportunities for expansion. 
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6.4 Industry structure125 
 
The hydrocolloids industry is divided into three distinct sectors, i.e. starch, gelatin and 
gums / other hydrocolloids.  Each of these distinct sectors is controlled by different groups 
of companies, with only a few companies operating in more than one of these categories.  
The main starch businesses tend to be either specialist starch businesses or maize 
processing companies that manufacture starch as part of a range of maize products.  
Gelatin manufacturers also tend to be specialist businesses, focused solely on this area, 
or meat processing firms that produce gelatin as a by-product of their main activity.  The 
gums and other hydrocolloids industry is made up of major food additives, ingredients and 
chemicals firms such as Danisco and Rhodia, plus a number of major specialists such as 
CP Kelco and FMC Biopolymers (which expanded its business in 1999 through the 
acquisition of Pronova from Norsk Hydro). 
 
One of the exceptions to the idea that companies specialise in starch, gelatin, or other 
products was Degussa Texturant Systems (formerly SKW Biosystems until the recent 
merger of its parent SKW Trostberg with Degussa HOls).  This company did operate in two 
of these areas for a time, having both gelatin and gums interests.  However, the gelatin 
operations were sold to Sobel of the Netherlands in January 2002, leaving the Degussa 
Texturant Systems division to focus on more specialist hydrocolloids categories. 
 
6.4.1 Starches 
 
Considering the size of the international starch market there are surprisingly few major 
companies operating in the sector. The market is led by European and American 
companies, although many of these are looking to expand further into developing markets, 
investing in the construction of new production sites in Asia and Latin America (Table 31). 
 
Table 31: Worldôs leading starch producers (2001) 
 

 Production (million tonnes) % Share 

Cargill/ Cerestara (US / France 10.0 20.6 

Tate & Lyle (UK) 5.3 10.9 

ADM (us) 4.1 8.5 

CPI (US) 3.8 7.8 

Roquette (France) 3.0 6.2 

Avebe (Netherlands 1.1 2.3 

Others 21.2 43.7 

Total 48.5 100 
a
 Cargill acquired Cerestar in November 2001 

 
 
The international industry was shaken up in 2001 with the acquisition of the Cerestar 
starch business by world leader Cargill.  Cargill already claimed a 13% share of the global 
starch market in 2000, increasing this to almost 21 % through the purchase of 
Montedison's 56% stake in French-based Cerestar.  The combined Cargill and Cerestar 
operation will account for output of 10 million tonnes, well ahead of second-placed Tate & 
Lyle with 5.3 million tonnes, or 10.9% of the total. Archer Daniels Midland (ADM) of the US 
is in third with a market share of 8.5%, ahead of fellow American firm CPI with 7.8%.   
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In Europe, Cerestar claimed a leading 27% share of the starch market in 2000, with Tate & 
Lyle, despite being a UK company, having its starch interests in the US through its A E 
Staley subsidiary.  Other key European suppliers in 2000 included Roquette (France) with 
22%, Amylum (Belgium) with 17%, Avebe (Netherlands) with 7%, and Cargill with 7%.  
The purchase of Cerestar gives Cargill a market leading position in Europe, jumping from 
fifth place to first, with a market share of around 34%. 
 
In North America, Cargill's market share was around 24% in 2000, at the head of the 
market, with the purchase of Cerestar's interests adding a further 5% to its share.  Other 
significant operations in the US include ADM's Maize Processing division, Corn Products 
International (CPI), National Starch & Chemical, Roquette America, and AE Staley (owned 
by Tate & Lyle). 
 
Cargill is one of the major agrifood businesses in the US and has a strong maize 
processing business, having begun maize wet milling in 1967.  It operates production 
plants in the US, Western Europe, Turkey, Russia, Poland and Brazil.  Its food starch 
activities form only a relatively small part of its overall maize processing business. 
 
Cerestar is the largest starch company in Europe, claiming around 27% of the European 
market in 2000.  Cerestar processed around 3.7 million tonnes of starch in 2000 (including 
for non-food use), most of which was maize starch, although it also processes wheat and 
potatoes into starch and produces a range of modified starches.  During the 1990s, the 
company looked to the States for further expansion and acquired American Maize 
Products (AMP) in 1995.  This business, which was renamed Cerestar USA, gave it a 
share of around 5% of the US starch market.  Other investments made by Cerestar in 
recent years have included the establishment of a starch joint venture in China and the 
opening of two starch plants in Asia. 
 
Tate & Lyle is a major force in the international starch market through its three subsidiaries 
- AE Staley in the US, Amylum in Europe, and ALMEX in Mexico.  AE Staley is another of 
the major US maize processing businesses, with annual sales of US$1 billion, although 
the main focus of its interest is in sweeteners and non-food starches.  In 1998, it expanded 
its Latin American interests through the acquisition of Argentina's leading starch and maize 
sweeteners business, Industrias de Maiz (lMASA).  Amylum, which is based in Belgium, is 
one of the major players in the European starch market.  It has 18 production plants, 
including 10 in Western Europe, 5 in Eastern Europe, 2 in Asia, and 1 in North Africa.  Its 
main brands are Resistamyl, Merigel, Meritena and Thibola.  Tate & Lyle's other starch 
processing business is Almidones Mexicanos (ALMEX), which is a joint venture with local 
sugar company Grupo Industrial Azucarero de Occidente. 
 
Archer Daniels Midland (ADM), has its headquarters in Decatur, Illinois, and is one of the 
largest maize processing operations in the US.  The company's maize processing division, 
however, forms only one part of its major agrifood business in the States and the company 
is active in a number of different food additives markets.  Like most of the other major 
maize processors in the US, ADM is also strong in maize syrups and sweeteners as well 
as starch and other by-products.  Its main modified starch brand for food use is Clinjel. 
 
Corn Products International (CPI) is now an independent public company.  The CPI 
business is the only North American maize refiner to operate facilities in the US, Canada 
and Mexico.  Overall, it operates over 40 plants in more than 20 countries, covering North 
America, South America, Asia, and Africa.   
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While CPI is a major player in the maize processing industry, its main emphasis is, 
however, on glucose, maltodextrin and high-fructose maize syrup, with starch being a less 
important part of the business. 
 
Roquette is a French company, with interests in both Europe and the US.  Roquette has 
seven European starch production sites and one in the US.  Within Europe, it has been 
looking to expand its business in Eastern Europe and, in the 1990s, acquired a majority 
stake in Romanian maize starch business Amidon Glucose.  In 2000, the company 
acquired the ABR Foods starch and derivatives business in the UK from Associated British 
Foods.  Overall, Roquette has sales of FRF10 billion (69% from Europe and 20% from the 
US).  Starch is only one of its activities, with the business also being strong in the bulk 
sweeteners sector. Its main starch brands include Eurylon, Clearam, Cremalys, Pregeflo, 
Dexylose, Cleargum, and Waxilys. 
 
The other major European starch business is Avebe of the Netherlands.  The company 
operates production plants in Europe, Asia, North and South America.  It began life as a 
potato starch company, but now also produces maize, wheat, and tapioca starches.  The 
company offers a number of potato starch products under the Farinex brand, with other 
brands including Selectamyl, Paselli, Prejel, and Selectagel. 
 
National Starch & Chemical was the starch division of the multinational foods and 
households goods company Unilever until 1997, when it was sold to chemicals group ICI.  
Under its new ownership, National Starch & Chemical remains a major player in the 
international starch business, and is world leader in the modified and speciality starches 
category.  Its starch products are generally sold under the Novation brand and are used in 
food and paper applications.  A new range of Novation starches has recently been 
developed, with properties modified without chemical modification.  This means that they 
can be labelled as native starches but have the properties of modified starches. 
 
6.4.2 Gelatin 
 
The global gelatin industry has two major market leaders, DGF Stoess of Germany (also 
operating as the Gelita group) and Sobel of the Netherlands.  DGF Stoess jumped to the 
head of the international market in February 2001, when it bought Leiner Davis Gelatin, 
the gelatin activities of Australian company Goodman Fielder, boosting its capacity to 
around 75 000 tonnes, or 29% of global output.  In 2002, the purchase of SKW Gelatin & 
Specialities by Sobel gave this latter business a capacity of 48 000 tonnes and a global 
market share of around 19%. 
 
DGF Stoess leads the market for edible gelatins, while Sobel is reported to be market 
leader in the photographic and pharmaceutical sectors.  Other key European suppliers 
include Weishardt of France, PB Gelatins of Belgium, Italgelatine of Italy, and Croda of the 
UK.  Japanese company, Nitta Gelatin is also strong in the US, with other US suppliers 
including Atlantic Gelatin (owned by Kraft Foods), GMI Products, and Vyse Gelatin. 
 
6.4.3 Gums 
 
There has been some key merger and acquisition activity in the gums industry in recent 
years, most notably the creation of the CP Kelco operation, a market leader in xanthan 
gum, pectin and gellan gum.   
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After Monsanto's purchase by Pharmacia, its Kelco gums business was merged with the 
Copenhagen Pectin/Food Gums division of Hercules to form CP Kelco.  Financial 
institution Lehman Brothers later acquired a stake in the business, so it is now owned 71% 
by Lehman Brothers and 29% by Hercules. 
 
Other developments to affect the gums market included the recent merger of Degussa 
Hüls and SKW Trostberg, resulting in the creation of various tailored divisions, including 
Degussa Texturant Systems, which forms part of the larger Health & Nutrition division.  
The Danisco Cultor merger changed the face of the former Danisco Ingredients operation, 
creating a world leader in food ingredients, while the 1999 purchase of Pronova 
Biopolymers of Norway by American firm FMC created the important FMC Biopolymers 
business, another key player in this market.  A list of gums and their suppliers is provided 
in Table 32. 
 
Table 32: Key suppliers of selected gums 
 

Product Supplier 

Xanthan gum 

CP Kelco (US) 

Rhodia (France) 

Jungbunzlauer (Switzerland) 

Degussa Texturant Systems (France) 

ADM (US) 

CNI (France) 

TIC Gums (US) 

Zibo Zhongxuan Biological Products (China) 

Gum arabic 

Khartoum Gum Arabic Processing (Sudan) 
Alland & Robert (France) 

CNI (France) 

TIC Gums (US) 

Importers Service Corp. (US) 

Guar gum 

Rhodia (France) 

Degussa Texturant Systems (France) 

Danisco Cultor (Denmark) 

Cesalpinia Food (Italy) 

TIC Gums (US) 

Unipektin (Switzerland) 

Locust bean gum 

Danisco Cultor (Denmark) 

Degussa Texturant Systems (France) 
FMC Biopolymers (US) 

CP Kelco (US) 

Cesalpinia Foods (Italy) 

Rhodia (France) 

 
 
(a) Xanthan gum 
 
The international xanthan gum market is dominated by the CP Kelco business, with over 
50% of the international market.  The company's xanthan gum is sold under the Keltrol and 
Kelgum brands and is produced in San Diego, Okmulgee, and Danville in the States and in 
Knowsley in the UK. 
 
The second-placed producer of xanthan gum is French company Rhodia, which is 
reported to take around 20% of the market, and which sells its xanthan gum under the 
Rhodigel brand. 
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Other key producers of xanthan gum include Swiss company Jungbunzlauer, which is 
perhaps best known as a citric acid producer, and Degussa Texturant Systems, which 
produces xanthan at a plant at Baupte in France, and which sells its products under the 
Satiaxane and Actigum brands. 
 
ADM of the US has also been involved in xanthan gum production since 1999.  Total 
output is around 4 000 to 5 000 tonnes although its production of food-grade gum remains 
low, with the focus being on industrial applications.  Other important suppliers of xanthan 
gum include Colloïdes Naturels International (CNI) of France with the Rheogel brand, TIC 
Gums of the US with the Ticaxan brand, and Chinese producers Zibo Zhongxuan 
Biological Products Co. and Shandong Gold Millet Biological Products Co. 
 
(b) Gum arabic 
 
With gum arabic being a natural gum obtained from acacia trees, the manufacturers in 
France and the US are dependent on importing the raw material from Africa.  The Sudan 
remains the most important source of gum arabic and there is a central export 
organisation, the Gum Arabic Company, handling international trade.  Until recently, all of 
Sudan's gum arabic output was exported for processing overseas but the country now has 
its own processing operation, the Khartoum Gum Arabic Processing Co. (GAPC), which 
produces the Kordofan variety of gum Arabic, 90% of which is produced in the Sudan.  
Other sources of the raw gum arabic besides the Sudan include western African countries 
such as Chad, Nigeria and Mali. 
 
The world's leading supplier of gum arabic ingredients is CNI of France, which sources 
some of its raw material from these latter countries, in addition to the Sudan.  CNI 
produces a wide range of gum arabic products, which are manufactured in France and 
exported throughout the world.  The company was the first to produce a certified organic 
gum arabic with its Biogum product.  Other brands of gum arabic available from CNI 
include Emulcia, Fibregum (soluble fibre), Coatingum (for coatings), Whipgum (for aerated 
confectionery), Sealgum, Oenogum (for wines), and Instantgum. 
 
Other important suppliers of gum arabic include AIland & Robert of France, TIC Gums of 
the US (whose range now includes TICorganic), and Importers Service Corporation (ISC) 
of the US, which was the first US company to produce gum arabic on a commercial scale, 
and which acquired the natural gums business of Rhone-Poulenc and Hi-Tek in 1992.  
Frutarom Meer, part of the Israeli Frutarom group, is based in the US and also supplies 
natural water-soluble gums, while German company AL Wolff, a trader in hydrocolloids, 
imports and processes gum arabic. 
 
(c) Locust bean gum 
 
The locust bean gum market is fairly fragmented, with most of the leading hydrocolloid 
companies having interests in this sector.  Danisco Cultor is reported to be overall market 
leader in this sector, with its Grindsted brand (produced in Spain).  Another key supplier is 
Degussa Texturant Systems, which produces locust bean or carob gum at plants at Fez in 
Morocco and Baupte in France and sells its products under the Viscogum brand.  Rhodia 
sells locust bean gum under the Meypro brand, while FMC Biopolymers is another 
important supplier, as is CP Kelco, which supplies locust bean gum under the GENU 
brand.   
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Other businesses active in this sector include US companies TIC Gums and Frutarom 
Meer, Swiss businesses Unipektin (which sells the Vidogum brand) and Polygal (Polygum 
and Polygel brands), Lucid Group, an Indian supplier of gums and hydrocolloids, and 
Cesalpinia Food of Italy, with the Cesagum brand. 
 
(d) Guar gum 
 
Many of the locust bean gum suppliers are also active in the guar gum sector, with Rhodia 
claiming the number one spot with its Meypro range of gums.  This company's guar is both 
imported (from its joint venture operation in India, the Hindustan Gum Company) and 
produced at its own plant in Texas.  Other major western suppliers include Degussa 
Texturant Systems, whose guar is produced at plants in Fez, Morocco, and Baupte, 
France, and sold under the Viscogum brand; TIC Gums of the US; natural gum company 
Frutarom Meer; Danisco Cultor, whose guar is sold under the Grindsted brand and 
produced in Spain; Unipektin of Switzerland, whose brands include Vidogum, Vidocrem, 
and Vidofix, and Cesalpinia Food of Italy. 
 
Indian and Pakistani companies, hailing from the countries that represent the major 
sources of raw guar, are also present in this sector, including Lucid Group of India and 
Pakistan Gum Industries. 
 
(e) Others 
 
Of the other food-grade gums available, tragacanth gum and karaya gum tend to be 
produced by the same companies that specialise in natural gums, producing the more 
mainstream natural gums such as guar and locust bean gum.  These include AIland & 
Robert of France, and Frutarom Meer of the US, while gum arabic company ISC of the US 
is also a supplier of both tragacanth and karaya.  Tara gum is produced by companies that 
supply other seed gums, with the main suppliers including Polygal and Unipektin of 
Switzerland.  Konjac gum is supplied by CP Kelco and FMC Biopolymers, while CP Kelco 
is also the world's leading producer of gellan gum (under the Kelcogel brand). 
 
6.4.4 Seaweed derivatives 
 
The international market for seaweed derivatives is characterised by the presence of 
several giants of the hydrocolloids industry, although the sector is also contested by a 
number of specialist seaweed processors, including firms in China and Morocco.  Overall 
market leaders are FMC Biopolymers and CP Kelco in the carrageenan sector and ISP 
Alginates in the alginates market.  Table 33 lists some of the world's major suppliers of 
seaweed-based hydrocolloids. 
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Table 33: Key suppliers of selected seaweed derivative hydrocolloids 
 

Product Supplier 

Carrageenan 

CP Kelco (US) 

FMC Biopolymers  (US) 

Rhodia (France) 

Degussa Texturant Systems (France) 

Danisco Cultor (Denmark) 

CNI (France) 

Hydralco Hydrocolloids (Germany) 

Gum Products International (Canada) 

Huey Shyang Seaweed Co. (China) 

Shemberg Corp. (Philippines) 

Alginates 

ISP Alginates (US) 
FMC Biopolymers (US) 

Degussa Texturant Systems (France) 

Danisco Cultor (Denmark) 

 
 
The Philippines is a major supply source for carrageenan and, as a result, several of the 
world's leading hydrocolloid groups, including FMC Biopolymers, CP Kelco, and Degussa 
Texturant Systems, operate their own production plants in this country. 
 
(a) Carrageenan 
 
The two leading suppliers of carrageenan worldwide are FMC Biopolymers and CP Kelco, 
although it is a heavily contested sector.  FMC Biopolymers is market leader, producing 
carrageenan at plants in Denmark, the Philippines, and the US.  The company sells 
carrageenan and carrageenan products under the Gelcarin, Lactogel, Lactarin, Danagel, 
Isagel, SeaGel, SeaKem and Viscarin brands.  CP Kelco is number two in the world 
carrageenan market and, together with market leader FMC, accounts for around two-thirds 
of the US market.  It produces carrageenan at plants in the Philippines and Denmark.  
Kelco's carrageenan products are sold under the Genulacta and Genuge/ brands. 
 
Other major companies active in the carrageenan market include Rhodia of France with 
the Meypro brand, CNI of France with the Liangel brand, TIC Gums of the US, Danisco 
Cultor with the Grindsted brand (produced in Chile), Hydralco Hydrocolloides of Germany 
with the Hygum and Hygel brands, Gum Products International of Canada with the GPI 
brand, and Degussa Texturant Systems, which produces in France and the Philippines, 
and which offers the Satiagel, Satiagum, Aubygum and Aubygel brands.  There are a 
number of suppliers in Asia, including Philippines business Shemberg, and Chinese firm 
Huey Shyang Seaweed Co., which products are distributed in Europe by German firm 
Roeper. 
 
(b) Agar 
 
Key suppliers of agar include Moroccan agar specialist Setexam, TIC Gums of the US, 
Chinese company Huey Shyang Seaweed Co., Italian company B & V, and French 
producer SELT Marine Colloids. 
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(c) Alginates 
 
Perhaps the most important supplier to the international alginates market is ISP Alginates.  
The company operates production plants in Scotland, and in the US, with its product range 
including the following brands: Manucol, Manugel, Lacticol, Dariloid, Alginade, Kelcosol, 
Kelvis, Kelcoloid, Kelset, and Kelmar. 
 
Other important suppliers include FMC Biopolymers, producing in Norway, with brands 
including Protanal, Proctin, Profoam, Protacid, Protacell, Scogin, and Lamitex; Degussa 
Texturant Systems, with a plant in France and brands including Satialgine, Cecalgum and 
Algogel; Danisco Cultor with the Grindsted brand (produced in France); TIC Gums and 
Frutarom Meer.  There are also a number of Chinese companies and Japanese 
companies operating in this sector, with one of the most important being Kimica 
Corporation of Japan, a supplier of a wide range of alginates under the Kimica and 
Kimiloid brands. 
 
6.4.5 Pectins 
 
The world leader in the international pectin market is US company CP Kelco, which is 
reported to account for over 50% of the world market, with its share.  The company 
operates pectin plants in Germany, Denmark, and Brazil.  Its pectin products are sold 
under the GENU and Slendid brands. 
 
Another key pectin supplier is Danish company Danisco Cultor, which operates production 
facilities in Denmark, in the Czech Republic, and in Mexico, and which sells its pectin 
under the Grindsted umbrella brand used for all its hydrocolloids. 
 
Other important companies in the pectin sector include Degussa Texturant Systems with 
the Unipectine brand (produced in France), German company Herbstreith & Fox, which 
manufactures in Germany, and Obipektin of Switzerland, which exports around 90% of its 
production and sells its products under the Spreda, Obisec, and Obipektin brands.  
Cesalpinia Food of Italy also produces pectin, under the Cesapectin brand. 
 
6.4.6 Cellulose derivatives 
 
There are a large number of manufacturers producing cellulose derivatives around the 
world, although there remains little emphasis on food use, with the food industry 
accounting for less than 10% of total usage.  The most significant supplier to the food 
industry is FMC Biopolymers, which produces a range of microcrystalline cellulose 
products under the Avicel, Avicel-plus and Novagel brands, from plants in Ireland, and in 
the US.  J Rettenmaier & Sohne of Germany also supplies microcrystalline cellulose under 
the Vivapur brand, while Italian company Lamberti is also active in this sector. 
 
Suppliers of CMC around the world include Akzo-Nobel of the Netherlands with the Akucell 
brand, TIC Gums with the Ticalose brand, and Noviant of the Netherlands. 
 
6.5 Patent information on food gums and related products 
 
Tables 34 and 35 list some examples of patents relating to food gums and derivatives.  
This is by no means a complete list but does provide an indication of the various 
technologies used by researchers / applicants and the associated companies. 
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Table 34: USPTO patents126 

Document 
number 

Inventor(s)/ Assignee: Date Title 

Patent applications 

20050037064 
S Basquin; F Darass & and Pierre Fabre 
Medicament 

17/02/2005 Heteroxylan film-forming composition for making capsules & resulting capsules  

20040234672 J Delcour 25/11/2004 Non-starch-polysaccharides  

20030207407 
CM Buchanan; NL Buchanan; JS 
Debenham; MC Shelton; MD Wood / 
Eastman Chemical Company 

06/11/2003 
Corn fiber for the production of advanced chemicals & materials: derivatizable cellulose 
& cellulose derivatives made therefrom  

20030124192 
CS Fitchett; J Hadley; R Le Page; J Good; 
C Coward 

03/07/2003 Pharmaceutical compositions & their preparation  

20030040489 
H Tanaka; G Yoshikawa; K Mukai; Y 
Nisikawa; A Morimoto  

27/02/2003 
Process for producing l-arabinose, l-arabinose-containing enzymatically processed 
products, diet foods, diabetic diet foods & fruit or vegetable juices & process for 
producting the same  

20020051841 
C-W Chiu; MJ Henley; JP Zallie; R 
Jeffcoat / National Starch and Chemical 
Investment Holding Corp. 

02/05/2002 Bulking agents & processes for preparing them from food gums  

20020037331 J Hwang; B Park; J Yun / Unitika Ltd. 28/03/2002 Physiologically active materials from cereals & process for preparation thereof  

Granted patents 

6,632,448 
H Tanaka; G Yoshikawa; K Mukai; Y 
Nisikawa; A Morimoto 

14/10/2003 
Process for producing L-arabinose, L-arabinose-containing enzymatically processed 
products, diet foods, diabetic diet foods & fruit or vegetable juices & process for 
producing the same  

6,586,212 
CM Buchanan; NL Buchanan; JS 
Debenham; MC Shelton; MD Wood / 
Eastman Chemical Co. 

01/07/2003 
Corn fiber for the production of advanced chemicals & materials: derivatizable cellulose 
& cellulose derivatives made therefrom 

6,558,930 
J Hwang; Jaekwan; B Park; J Yun / J 
Hwang 

06/05/2003 Physiologically active materials from cereals & process for preparation thereof  

6,388,069 
CM Buchanan; NL Buchanan; JS 
Debenham; MC Shelton; MD Wood / 
Eastman Chemical Co. 

14/05/2002 
Corn fiber for the production of advanced chemicals & materials: arabinoxylan & 
arabinoxylan derivatives made therefrom  

6,352,845 

CM Buchanan; NL Buchanan; JS  
Debenham; MC Shelton; MD Wood; MJ 
Visneski; BK Arumugam; JK Sanders; LR 
Lingerfelt; L Blair / Eastman Chemical Co. 

05/03/2002 
Corn fiber for the production of advanced chemicals & materials: separation of 
monosaccharides & methods thereof  

6,262,318 
H Heikkila; R Alen; S Kauko; M Lindroos; 
J Nurmi; P Sarmala; M Tylli / Xyrofin Oy 

17/07/2001 Method of producing polyols from arabinoxylan-containing material  

6,232,101 G Budolfsen; HP Heldt-Hansen / 15/05/2001 Oxidase-promoted gelling of phenolic polymers  

                                                 
126

 US Patent Office.  http://www.uspto.gov/patft/index.html 

http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=2&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.CLM.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=2&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.CLM.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=4&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.CLM.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=4&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.CLM.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=1&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=1&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=1&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=2&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=2&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=3&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=3&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=3&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=3&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=12&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.CLM.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=12&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.CLM.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=4&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=4&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22food+gum%22+OR+arabinoxylan%29.AB.+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=ABST/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=6&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=6&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=6&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=10&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ACLM.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=10&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ACLM.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
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Novozymes A/S Patents  

6,090,595 
B Foody; JS Tolan; JD Bernstein; P Foody 
/ Iogen Corporation  

18/07/2000 Pretreatment process for conversion of cellulose to fuel ethanol  

6,066,356 
MJA Van Der Wouw; AJJ Van Ooijen; 
MMC Gielkens; LH De Graaff; J Visser / 
Gist Brocades B.V. 

23/05/2000 Arabinoxylan degrading enzymes  

6,033,712 
R Greenshields; AL Rees / EI Du Pont De 
Nemours & Co. 

07/03/2000 Gel production from plant matter  

6,031,155 
V Cameron-Mills; F Lok; CMC Sinjorgo; 
RTM van den Dool; MPM Caspers; MJ 
van Zeijl-van der Valk 

29/02/2000 Arabinoxylan degradation  

5,916,780 
B Foody; JS Tolan; JD Bernstein / Iogen 
Corporation 

29/06/1999 Pretreatment process for conversion of cellulose to fuel ethanol  

5,849,559 
MJA Van Der Wouw; AJJ Van Ooijen; 
MMC Gielkens; LH De Graaff; J Visser / 
Gist-Brocades, B.V. 

15/12/1998 Arabinoxylan degrading enzymes 

5,530,112 R Greenshields; AL Rees / GB R&D, C Ltd  25/06/1996 Gel production from plant matter  

4,954,447 
DJ Nevins; K Nishitani / The Regents of 
the University of California  

04/09/1990 Feraxanase, a highly specific enzyme for hydrolysis of complex polysaccharides  

4,038,481 
RL Antrim; DW Harris / Standard Brands 
Incorporated  

26/07/1977 Method for treatment of corn hulls 

2,709,699 
MJ Wolf; AJ Cannon; MM MacMasters / 
US of America as represented by the 
Secretary of Agriculture 

31/05/1955 Extracting hemicelluloses 

 
 
Table 35: EPO sourced patents, excluding US patents127 

Publication info Inventor Applicant Title 

SE525048; 
2004-11-16 

L Knudsen L Knudsen (SE) 
Gluten and soya free flour for preparing bakery products, contains corn starch, psyllium 
seed husk and xanthan gum  

GB190820484; 
1909-09-29  

C Hervey C Hervey Improvements relating to the manufacture of dextrine, gum, starch or like materials  

CN1174866; 
1998-03-04 

W Chen W Chen (CN) Method for quick preparing colorless corn gum by cold water 

EP1545232; 
2005-06-29 

J Liu; WW Lee; JM 
Meyer 

Wrigley WM Jun Co (US) Plasticized corn protein and chewing gum containing same 

WO9840413; 
1998-09-17 

LW Doner; GA 
Sweeney; KB Hicks  

Nat. Starch Chem Invest 
(US); US Agriculture (US) 

Isolation of hemicellulose from corn fiber 

                                                 
127

 Europena Patent Ofiice.  http://www.espacenet.com 

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=8&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=8&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=12&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ACLM.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=12&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ACLM.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=4&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=4&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=10&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=10&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=5&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=5&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).TTL.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=TTL/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=18&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ACLM.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=18&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ACLM.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=13&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=13&p=1&f=G&l=50&d=ptxt&S1=((('food+gum'+OR+arabinoxylan).ABST.+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=abst/(%22food+gum%22+or+arabinoxylan)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/(%22food+gum%22+OR+arabinoxylan)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
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The following few paragraphs summarise a few of the more relevant patents and patent 
application listed in Tables 34 and 35.  This section attempts to provide an indication of the 
technologies used by the various researchers / applicants and associated companies. 
 
6.5.1 Extraction, preparation or production 
 
Maize fibre is obtained as a major, under-utilised by-product of the milling of maize, and 
comprises the outer hull portion of the maize kernel.  The maize wet milling process yields 
a considerable amount of this fibre.  During this process, the higher value products are 
removed from maize, i.e. the germ of the kernel, and after extraction the remainder, which 
generally constitutes maize fibre, is mixed with steep liquor, also a by-product of maize 
milling.  The mixture of fibre and liquor is then normally dried, pelletised and sold as 
gluten.  Another source of maize fibre is dry milling; and the fibre obtained from this 
process is often referred to as "maize bran."  This bran by-product, composed primarily of 
hull, is mixed with other maize by-products and sold as hominy.  Both gluten feed and 
hominy feed are fairly low-value products and have generally been the only commercial 
products prepared from maize fibre.  Given the low margins of such products made from 
maize fibre, it is not uncommon for maize fibre to be disposed of, instead of undertaking 
the effort to prepare such low-value products.  Maize fibre makes up a significant (5 to 
10%) portion of the total weight of the maize kernel.  Specifically, maize fibre consists 
primarily of residual starch (10 to 25%), hemicellulose (40 to 50%), cellulose (15 to 25%), 
phenolic acids (3 to 5%), with the remainder present as proteins and oils.128  The 
variations in the reported composition are believed to be due to maize plant variety and 
growth conditions, as well as the specific methods utilised to isolate the maize fibre. 
 
Hemicellulose is a component of maize fibre that has been of interest commercially.  A 
number of references disclose the extraction of hemicellulose from maize fibre.  However, 
most previous attempts to obtain useful products from maize fibre have focused almost 
entirely on methods to extract hemicellulose and the properties, particularly the colour, of 
the hemicellulose obtained.  These attempts were likely initiated by the fact that 
hemicellulose has several valuable properties that make it attractive for a number of 
applications.  In a non-exclusive list, some uses for hemicellulose include non-toxic 
adhesives, thickeners, emulsifiers, stabilizers, film formers and paper additives.129  
Hemicellulose can be quite difficult to extract from maize fibre.  It cannot be easily 
extracted using water or some other non-aggressive solvent.  Hydrogen bonding and 
physical entanglement of the hemicellulose with the maize fibre matrix are believed to be 
in part responsible for the difficulty in extraction.  Other reasons include cross-linking of the 
hemicellulose to other components of the maize fibre cell wall via covalent bonds between 
esterified phenolic acid residues and arabinose residues.  Protein-polysaccharide linkages 
may also affect the ability to extract hemicellulose.   
 
Most previous attempts to extract hemicellulose from maize fibre have focused on the use 
of strongly alkaline materials.  Various references disclose techniques to extract 
hemicellulose.  For example US patent 2,709,699 (1955), discloses extraction of maize 

fibre with aqueous alkali at a pH from 9 to 13, at 90 to 115 C̄.  In this reference, the 
hemicellulose was isolated by adjusting the solution pH with an inorganic acid, followed by 
precipitation of the hemicellulose in ethanol, filtering to remove the hemicellulose and 
drying. 

                                                 
128

 Wolf et al.  (1953).  Cereal Chemistry 30, pp. 195-203 and Chanliaud et al.  (1995).  J. Cereal 
Science, 21 pp. 195-203. 

129
 Whistler.  (1993).  Industrial Gums, 3d Ed., Academic Press, pp. 295-308; US patent 2,772,981; and 

Wolf et al.  (1953).  Cereal Chemistry 30, pp. 451-470 
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WO98/40413 (1998), discloses extraction of hemicellulose by heating maize fibre with 
alkaline hydrogen peroxide; the peroxide may be added at the same time or after an 
alkaline material, such as NaOH or Ca(OH)2 is added.  Significantly, WO98/40413 
discloses the hemicellulose extractant as being heated in the presence of the alkaline 
hydrogen peroxide in order to obtain a suitably white hemicellulose powder from the 
precipitation step.  This method is, however, exceedingly dangerous to practice on an 
industrial scale because of excessive emissions of gas, which may lead to significant 
foaming of the strongly alkaline materials and possibly to explosions.  Although 
hemicellulose itself is a valuable product, the sub-components of hemicellulose are of 
even higher value.  This present invention indicated that hemicellulose obtained from 
maize fibre could be subjected to further processing to provide carbohydrate fractions of 
very high value, which could also be derivatised to form maize fibre arabinoxylan esters 
and ethers. 
 
CN1174866 (1998) discloses a method for quick-preparing maize glue with cold water, 
including the following two steps: maize starch oxidation and gelatinisation.  This 
production method shortens the process by 1 to 3 hours. 
 
Maize fibre oil contains a significant portion of plant sterol esters.  These materials have 
been reported to be useful as nutraceuticals, particularly as hypocholesterolemics.  Rice 
bran oil and tall oil were the major source of plant sterol esters utilised for commercial 
purposes.  Maize fibre oil has been shown to contain approximately 0.54 to 3.5% 
extractable oil and, of this, about 6.75% is a ferulate ester.  Maize fibre, therefore, 
comprises about 0.12% ferulate ester, a significantly higher amount of ferulate ester than 
is present in the most commercially utilised source of hypocholesterolemic oils, i.e. rice 
bran.  A recent patent, US patent 5,843,499 (1988), discloses the extraction of maize fibre 
oil from finely ground maize fibre by utilising either hexane or supercritical CO2 as a 
solvent, with hexane being preferred. 
 
As noted, cellulose forms a significant portion of maize fibre.  Cellulose had not been, 
previously, isolated from maize fibre in a form suitable for derivatisation into higher value 
products, such as cellulose esters and cellulose ethers.  This is not surprising because the 
prior art indicates that high purity cellulose was not obtained from the previously utilised 
methods.  For example, US patent 4,038,481 (1977), disclosed that the cellulose obtained 
contained about 35% contaminates which were believed to be present in the form of 
insoluble hemicellulose.  The maize fibre is treated with alkali to solubilise the 
hemicellulose.  The hemicellulose is then precipitated with a water miscible organic 
solvent, such as acetone, methanol, ethanol, propanol, isopropanol, isobutyl alcohol, 
tert-butyl alcohol, or a mixture thereof.  There is no disclosure of precipitation with acetic 
acid in this reference. This contamination would make it difficult, if not impossible, to utilise 
the cellulose obtained for preparation of cellulose derivatives.  When this patent was 
granted, no known references addressed methods to obtain maximum use of the various 
components of maize fibre.  Instead, the references focused specifically on the 
optimisation of hemicellulose colour, and, separately, on methods to extract oil from maize 
fibre.  While these are valuable objectives, in order to make the use of maize fibre an 
economically viable process, it was and is still necessary to utilise as many components of 
maize fibre as possible.  Furthermore, it is necessary to develop methods to separate each 
of these valuable components individually while leaving the remainder of the maize fibre 
so that the further components can be efficiently extracted in order to maximize value.   
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Cereal bran is a by-product generated in the polishing process.  The cereal bran contains 
a pericarp, a seed coat, an aleurone and the like, exclusive of the hull from the outer layer 
of cereals and occasionally contains a part of germ and endosperm as a result of the 
polishing process.130  The cell wall consists of macromolecules such as cellulose, 
hemicelluloses, lignin, glycoprotein etc; however, these do not exist in free form, but 
mostly bind strongly to each other via covalent bonds, hydrogen bonds and ionic bonds, 
existing in insoluble form.131  Particularly, having been lately characterised as functional 
active materials, phenolic compounds such as caffeic acid, sinapic acid, ferulic acid and 
coumaric acid are disclosed.132  One of the most abundant phenolic compounds in cereal 
bran is the ferulic acid.  It has been known until now that the ferulic acid has several 
physiological activities such as antioxidant, anticancer, anticholesterol, antibiotic, 
anti-mutation and anti-inflammatory, etc.133  Ferulic acid does not exist in free form in the 
cell wall of the cereal bran, but forms an insoluble linkage that is bound to arabinoxylan, 
one of cell wall components, by ester linkage.134  Although present in cereal bran, it has 
almost no physiological activity, because there are no enzyme systems which can break 
the ester linkage of ferulic acid and arabinoxylan in the human body.  Very limited 
bioavailability can, therefore, be obtained even if cereals are ingested.135 
 
Arabinoxylan, one of the hemicelluloses constituting the cell wall of cereal bran has 
recently been found to have several physiological activities, such as immunomodulating 
effect, anti-diabetes, increasing resistance to infection, therapeutic aid versus malignant 
tumours, water-soluble dietary fibre and the like, and thus has attracted particular attention 
as a new functional food material.136  Like ferulic acid, arabinoxylan does not exist in free 
form in the cell wall of cereal bran, but is present as an insoluble form bound with other cell 
wall components.137  The absence of enzyme systems which can dissolve such insoluble 
materials in the human body makes the bioavailability of arabinoxylan very low. 
 
Generally, food processing is carried out by steaming, roasting, drying, grinding and the 
like, and as these cause only physical changes of food, it is very difficult to separate the 
ferulic acid and arabinoxylan, which exist as insoluble materials in cereal bran, from the 
other cell wall components.  The rigid structure of cereal cell walls rarely allows enzymes 
to infiltrate, which makes it very difficult to separate insoluble materials in cereal bran by 
individual enzyme treatment processes.  As extrusion processes accompany not only high 
temperature and pressure, but also a strong shearing force, a rigid structure of plant cell 
walls is efficiently disintegrated by the extrusion process.138  If enzyme treatment follows 
such an extrusion process, it is possible to separate physiologically active materials, since 
enzymes can readily infiltrate into the cell wall structure, which is already disintegrated by 
extrusion.  US patent application 20020037331 (2002) and US patent 6,558,930 (2003) 
discuss these same physiologically active materials and how to manufacture them.   
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The invention is a combined process of extrusion and enzyme treatments for cereal brans, 
compared to the individual treatment, which significantly increases the separation 
efficiency of these active materials in cereal brans. 
 
US patent 6,352,845 (2002), by the same inventors as 6,586,212 (2002) and 6,388,069 
(2002), describes an extraction method for obtaining a solution consisting of arabinoxylan; 
which is then hydrolysed in the presence of a catalyst and a solvent, to produce a least 
one monosaccharide.  Methods for separating these monosaccharides are also described.  
 
US patent 6,388,069 (2002) provides a method of extracting arabinoxylan from maize fibre 
where similar steps to US patent application 20030207407 and US patent 6,586,212 
(2002) are described.  However, the resulting extract comprises 10% to 50% solids, 
consisting of arabinoxylan.  The invention also provides methods of preparing novel 
arabinoxylan esters and ethers.  
 
US patent application 20030207407 (2003) and US patent 6,586,212 (2002) describe a 
method of obtaining a cellulose material from maize fibre by: (i) heating a mixture of maize 
fibre and a liquid; (ii) adding a protease enzyme, thereby providing a proteolysed maize 
fibre and a liquid; (iii) separating the liquid from the proteolysed maize fibre; (iv)  and 
adding and alkaline extractant, thereby providing an insoluble cellulose material and a first 
liquid comprising arabinoxylan; (v) separating the insoluble cellulose material from the first 

liquid comprising arabinoxylan at a temperature of at or above about 60 C̄; and (vi) rinsing 
the insoluble cellulose material to remove the alkali, thereby providing a cellulose material 
having a cellulose content of at least about 50%.  Methods to prepare cellulose esters and 
ethers are also discussed.  
 
US patent application 20050037064 (2005) relates to a heteroxylan composition for 
preparing capsules or tablets, in particular gelatin-based soft capsules or hard tablets, as 
well as a film, in order to provide a composition which can be used in the pharmaceutical, 
phytotherapeutic or food sector.139  Since the public health concerns related to Bovine 
Spongiform Encephalitis (BSE) and the discovery of its vector in animal tissues, typically 
used to isolate gelatin, this practise has become risky.  The development of a product to 
replace gelatine has, therefore, become an important area of research.  For example, 
using an extrusion process, starch capsules can potentially be produce industrially.140  A 
patent has been filed proposing the manufacture of hard capsules from 
kappa carrageenan as the main film-forming agent, combined with a variety of other 
hydrocolloids such as gellan gum and mannans141, but this formula does not yet have an 
industrial future.  Research has also been conducted to develop films whose formulation is 
based on cellulose ethers and which have the same mechanical properties and barriers to 
gases and to lipids as gelatin films.142  Native cellulose, which is predominantly extracted 
from plant cell walls, is insoluble in water because of an excessively large quantity of 
intramolecular hydrogen bonds within the polymer and a high degree of crystallinity which 
limits its solvation.  However, by introducing substituents which interfere with the formation 
of the crystalline units, it becomes possible to solvate this polymer - via etherification.   
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Thus, by reacting cellulose with a sodium hydroxide solution and then with methyl chloride, 
propylene oxide or sodium monochloroacetate, MC, HPMC, HPC and CMC are produced, 
which have properties that make it possible to produce films which are transparent, flexible 
but solid, soluble in water and resistant to oils and fats.143  Of these derivatives, HPMC 
most particularly is used as gelatin substitute in pharmaceutical hard capsule applications.  
Used industrially as sole gelling agent144 or combined with carrageenans145, it makes it 
possible to obtain capsules with the same properties as gelatin capsules except for the 
rates of dissolution, which are lower.  While these are technically and commercially 
advantageous, they have nevertheless a defect, i.e. as chemical derivatives, interactions 
can be expected with certain active compounds which the capsules may contain.  The 
pharmaceutical and food industries are still waiting for capsules in which the gelatin has 
been replaced by one or more constituents of plant origin, which do not cause any risk for 
the consumer, whose manufacture does not result in any unacceptable additional cost 
compared with gelatin-based capsules, and which possess mechanical and dissolution 
properties of the same type as the latter.  In lieu of this fact, the present invention has 
demonstrated that the use of heteroxylans, in particular of arabinoxylans, as film-forming 
constituents in a composition for manufacturing hard or soft capsules, could constitute a 
novel opening and an advantageous alternative to the use of the abovementioned 
compounds, in particular in terms of safety, cost of manufacture, and quality of the 
resulting films.  Heteroxylans are present in a large quantity in maize brans, a by-product 
of the maize milling industry, but are also found in a significant quantity in rye and rice 
brans.  The majority of these maize brans are currently intended as animal feed, and a 
very small quantity is used as a source of dietary fibre.  Maize brans consist mainly of 
cellulose (10 to 20%) and of heteroxylans (40 to 50%).  High yields of extraction (up to 
90%) of the heteroxylans contained in maize bran can be obtained with no apparent 
reduction in the molecular mass of the polymer.  Heteroxylans are plant polysaccharides 
(located in the cell walls) and belong to the hemicellulose group.  In the heteroxylans 
obtained from maize brans, xylose constitutes about half of the monosaccharides present, 
arabinose about a third, hence their name arabinoxylans.  Galactose, glucuronic acid and 
ferulic acid are the other constituents thereof.  Heteroxylans are generally extracted in an 
alkaline medium; depending on the variants of the method of extracting heteroxylans, 
three main categories of heteroxylans may be obtained, namely grade C, B or A 
heteroxylans, which correspond to unpurified, moderately purified and highly purified 
products, respectively. 
 
6.5.2 Application of maize based ñgumsò and related derivatives 
 
US patent application 20020051841 (2002) describes soluble bulking agents that can 
replace up to 100% of the sucrose or other soluble, simple carbohydrates in various edible 
formulations mentioned in the patent application.  The bulking agents are substantially 
non-digestible and have an average molecular weight range of 500 to 50 000.  Also 
described are edible formulations containing these bulking agents and processes for 
preparing the bulking agents; preferably by enzymatically depolymerizing 
naturally-occurring, heteropolysaccharides such as pectin, tamarind seed gum, guar gun, 
locust bean (carob seed) gum, konjac gum, xanthan gum, alginates, agar or other food 
gums to yield a mixture of heteropolysaccharide fragments.   
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The process employs one or more enzymes such as 1,4-b-D-mannarmannohydrolyase, or 

1,6-a-D-galactosidase for degrading 1,4-b-D-linked mannose-containing 
heteropolysaccharides (e.g., guar gum); or one or more enzymes such as 

1,4-b-D-glucanase, 1,4-b-D-Glucanglucanohydrolase, and 1,4-b-D-glucanglucohydrolyase 

or 1,4-b-D-glucan cellobiohydrolase for degrading 1,4-b-D-linked glucose-containing 
heteropolysaccharides (e.g., tamarind seed gum). 
 
US patent application 20030040489 (2003) and US patent 6,632,448 (2003) relate to 
processes for conveniently and economically producing L-arabinose, enzyme-treated 
products containing L-arabinose, diet foods and diabetic foods containing L-arabinose with 
dietary fibre, and fruit or vegetable juices containing L-arabinose.  This invention involves 
treating a natural material containing arabinan, arabinoxylan or arabinogalactan with an 
appropriate enzyme.  The patent also describes a process to prepare a diet food and a 
diabetic food containing L-arabinose.  L-Arabinose is a non-caloric sweetener which has 
taste characteristics similar to sucrose and shows little absorbability.  It is also known that 
L-arabinose inhibits enzymes which hydrolyse dissacharides such as sucrose and thus 
exerts an effect of suppressing an increase in blood glucose level due to the intake of 
sucrose.  These useful characteristics of L-arabinose have been used as body fat 
accumulation inhibitors146, as preventives and remedies for diseases related to 
hyperglycemia147, diet sweeteners and preventives for obesity148, as well as in pet foods149 
each containing L-arabinose.  L-arabinose is a saccharide which is useful as a starting 
material for synthesising drugs.  L-Arabinose occurs as arabinan, arabinoxylan, 
arabinogalactan and the like in hemicellulose of higher plants.  A trace amount of 
L-arabinose in a free state is contained in fermented foods such as miso and sake, instant 
coffee, etc.  L-arabinose is, therefore, a saccharide which has been commonly taken over 
a long time.  It has been a practice to produce L-arabinose by alkali-extracting 
hemicellulose contained in maize fibre, gum arabic, beet pulp, etc., followed by 
acidolysis.150 
 
US patent application 20030124192 (2003) relates to the use of a hemicellulose to prepare 
a composition for use as a vaccine adjuvant.  The hemicellulose is preferably an 
arabinoxylan and more preferably a crosslinked arabinoxylan such as arabinoxylan 
ferrulate.  The hemicellulose is a crosslinked microparticulate form.  This patent application 
also describes compositions of this hemicellulose containing a vaccine antigen or a DNA 
vaccine. 
 
US patent application 20040234672 (2004) describes an invention to prepare 
compositions of low molecular mass arabinoxylans for use as dietary supplements and 
also methods of improving growth performance and feed utilisation of animals through the 
supplementation of their diets with these compositions.  Low molecular mass 
arabinoxylans are derived from natural sources, such as plant material, but preferably from 
cereals.  They can be selected fractions of natural arabinoxylans or can be obtained by 
acid and / or enzymatic depolymerisation or fragmentation of natural arabinoxylans, or 
they can be structural analogues produced by chemical and / or physical processes.  The 
technology described here is specifically the manufacture of a feed additive for the 
improvement of the production traits, and more particularly the growth performance and 
feed utilisation of monogastric animals.   
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7. Cyclodextrins 
 
7.1 Background on encapsulation products 
 
Encapsulation involves the incorporation of food ingredients, enzymes, cells or other 
materials in small capsules.  Applications for this technique have increased in the food 
industry since the encapsulated materials can be protected from moisture, heat or other 
extreme conditions, thus enhancing their stability and maintaining viability.  Encapsulation 
in foods is also utilised to mask odours or tastes.  Various techniques are employed to 
form the capsules, including spray drying, spray chilling or spray cooling, extrusion 
coating, fluidised bed coating, liposome entrapment, coacervation, inclusion complexation, 
centrifugal extrusion and rotational suspension separation.  Each of these techniques is 
discussed in this review.  A wide variety of foods is encapsulated, i.e. flavouring agents, 
acids bases, artificial sweeteners, colourants, preservatives, leavening agents, 
antioxidants, agents with undesirable flavours, odours and nutrients, among others.  The 
use of encapsulation for sweeteners such as aspartame and flavours in chewing gum is 
well known.  Fats, starches, dextrins, alginates, protein and lipid materials can be 
employed as encapsulating materials.  Various methods exist to release the ingredients 
from the capsules.  Release can be site-specific, stage-specific or signalled by changes in 
pH, temperature, irradiation or osmotic shock. In the food industry, the most common 
method is by solvent-activated release.  The addition of water to dry beverages or cake 
mixes is an example.  Liposomes have been applied in cheese-making, and its use in the 
preparation of food emulsions such as spreads, margarine and mayonnaise is a 
developing area.  Most recent developments include the encapsulation of foods in the 
areas of controlled release, carrier materials, preparation methods and sweetener 
immobilisation. New markets are being developed and current research is underway to 
reduce the high production costs and lack of food-grade materials.151 
 
7.2 Cyclodextrins as encapsulation products 
 
Cyclic compounds, which are produced through the action of cyclodextrin glucosyl- or 
glucanotransferases, are commonly referred to as cyclodextrins.152  Cyclodextrins are 
relatively inexpensive enzyme-modified starch derivatives which are produced industrially.  
These starch derivatives are non-toxic ingredients, are not absorbed in the upper 
gastrointestinal tract, and are completely metabolised by the colon microflora.  
Cyclodextrins are not hygroscopic ï moreover they are water-retention improving, 
homogenous, pure substances with a potential broad field of utilisation.153  Cyclodextrins 
also known as cycloamyloses, cyclohexaamyloses or cyclic oligosaccharides, were 
discovered approximately 100 years ago.154 
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The introduction of the enzyme cyclodextrin glycosyltransferase in the late 1980s allowed 
maize refiners to pursue the development of cyclodextrins.  Since then cyclodextrins and 
their uses have been researched extensively, and there are now several types of 
cyclodextrins that can be used to meet specific needs of for industrial, pharmaceutical and 
food applications.155 
 
Cyclodextrins are produced from a variety of sources such as wheat, potatoes or 
maizestarch.156   Cyclodextrins are obtained from starch that is enzymatically modified to 
produce a round, hollow structure.  This ring-shaped structure of cyclodextrins offers 
protection for ingredients that can degrade or evaporate with exposure to light, heat or 
air.157  Because of this unique property, cyclodextrins can be used to carry active 
ingredients such as drugs, fragrances, flavours, vitamins, and industrial chemicals in a 
wide variety of formulations. 158 
 

There are three basic types of cyclodextrins, alpha (a), beta (b) and gamma (g) 
cyclodextrin.  The structure of each contains six, seven or eight glucose molecules 
respectively, with the number of molecules being associated with the size of the cavity for 
each cyclodextrin.  The various cyclodextrins also have different solubility characteristics, 

with g-cyclodextrin being the most soluble, and b-cyclodextrin the least soluble in water. 
 
While cyclodextrins are produced as mixtures, the selection of appropriate enzymes and 

reaction media can direct the formation of specific products.  b-cyclodextrin is the more 

commonly produced cyclodextrin.  a-cyclodextrin has the smallest cavity and best 

accommodates a benzene nucleus, while b-cyclodextrin best accommodates a 
naphthalene nucleus.159  The specific coupling of the glucose monomers gives the 
cyclodextrin a rigid conical molecular structure with a hollow interior of a specific volume.  
These internal cavities are hydrophobic in nature and are a key structural feature, 
providing the ability to complex and contain a variety of hydrophobic molecules.160  The 
ability of cyclodextrins to form complexes with a wide variety of organic compounds aids in 
altering the apparent solubility of the molecule, in increasing stability in the presence of 
light, heat and oxidising conditions, and decreasing the volatility of the compound.161  In 
the liquid and solid phases, organic and inorganic molecules of appropriate size can be 
incorporated into the cyclodextrin cavity to form inclusion complexes.  The rate of solubility 
can be affected by the compounds being carried by the cyclodextrin.  Increased stability, 
water solubility, reduction in odour and controlled release are among the application 
benefits of cyclodextrins.162 
 
7.2.1 Natural cyclodextrins 
 

Three naturally occurring cyclodextrins exist, a-, b-, and g-, and are produced from starch 
by the action of cyclodextrin glycosyltransferase (CGTase), an enzyme produced by 
several organisms, Bacillus macerans being the most common.   
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The difference between the 3 most common cyclodextrin molecules is reflected in their 
ring diameters, and the ring structure puts severe constraints on the ability of the ring 

hydroxyls to interact with other molecules.  This can explain why b-cyclodextrin is so 
poorly soluble in water. 
 
7.2.2 Modified cyclodextrins 
 
Cyclodextrins can now be modified with a variety of functional groups (Table 36).  Many 
different chemical moieties may be introduced into the cyclodextrin molecule, by reactions 
with the hydroxyl groups lining the upper and lower ridges of the toroid; for example 
methyl, hydroxypropyl, carboxymethyl and acetyl.  Since each cyclodextrin hydroxyl group 
differs in its chemical reactivity, the reaction process produces an amorphous mixture of 
thousands of positional and optical isomers. 
 
Table 36: Natural and chemically modified cyclodextrins. 
 

Natural cyclodextrins Modified cyclodextrins 
Chemically modified 

cyclodextrins 

a-cyclodextrin glucosyl-a-cyclodextrin 2-hydroxypropyl-b-cyclodextrin 

b- cyclodextrin maltosyl-a- cyclodextrin 2-hydroxypropyl-g-cyclodextrin 

g-cyclodextrin 
glucosyl-b-cyclodextrin hydroxyethyl-b-cyclodextrin 

maltosyl-b-cyclodextrin methyl-b-cyclodextrin 

 
 
The chemical modification of cyclodextrins can result in unexpected changes in solubility 
behaviour.  The various derivatives of cyclodextrins provide options for optimising 
formulations of a specific drug, concentration of the drug, storage and manufacturing 
requirements, and the route of administration.  Cyclodextrins offer a novel approach to 
protecting chemically unstable compounds from reacting with their environment, since 
formation of compound / cyclodextrin inclusion complexes often have a marked stabilising 
effect.  The extent to which a compound is stabilised must be determined empirically.  This 
is an important consideration since the formation of an inclusion complex is necessary as 
well as an understanding of which portion of the molecule fits into the cavity of the 
cyclodextrin, and whether that portion includes the reactive portion of the molecule causing 
the instability.  Since the usefulness of cyclodextrins varies according to molecular weight, 
cavity size, intrinsic solubility in water and other solvents, safety, and cost, the intended 
use of the compound must be matched with the appropriate cyclodextrin or cyclodextrin 
derivative. 
 
7.3 Market size 163 
 
The US market for cyclodextrins was estimated at $25 million (1997) and expected to grow 
to $100 million by 2000.  The annual worldwide market for cyclodextrins was $150 million 
in 1997, and was expected to increase to $800 million by the year 2000.  As the added 
value of cyclodextrin complexes and cyclodextrin products is increased, the dollar value of 
the worldwide market for these products is expected to be 2 to 3, and 1 and a half times, 
respectively that of the cyclodextrin itself.164  
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Jozsef Szejtli, managing director of the Hungarian research organisation, Cyclolab, sees 
Proctor & Gambleôs involvement indicative of things to come.  Cyclolab offers a database 
of cyclodextrin research and is working with companies interested in utilising cyclodextrins 
in their products.  Szejtli estimated that the 1998 global consumption was 5000 to 6000 
tonnes, with close to 2000 tonnes being utilised in Japan.  As starch prices are high in 
Japan, the two Japanese producers, Ensuiko Sugar Refining and Nihon Shokuhin Kako, 
do not feature in the international market.  Companies in South Korea, Russia and Brazil 
have tried to penetrate the market, but have failed due to raw material disadvantages.  In 

1981, b-cyclodextrin was marketed at US$100/kg.  In 1999, it was selling for less than 
US$4/kg for industrial applications.  According to the Cyclolab Ltd 2004 catalogue, fine 

grade b-cyclodextrin is now being marketed at ú434/kg165; assuming a 10-fold differential 
between industrial and fine grade, an estimated 2004 selling price for industrial 

b-cyclodextrin would be in the range of US$50/kg. 
 
The conversion rate of cyclodextrin is only 30% but the by-products are commercially 
applicable, so essentially no raw material loss is incurred.  Szejtli predicted that the market 

would grow 15 to 20% annually, and that g-cyclodextrin market will grow from practically 

nothing to 1000 tonnes in the next 5 to 6 years.  The commercialisation of g-cyclodextrin is 
important because its larger cavity broadens the range of molecules with which it can 

complex.  The favourable toxicological profile of the g-cyclodextrin lends it to food additive 
applications.166 
 
The following table gives an estimation of the price ranges for various cyclodextrin 
products in 1999 (Table 37).  At the time there were no published lists for cyclodextrin 
prices, and the quantities of cyclodextrins sold were small and purchased quantities were 
insufficient to gain a true assessment. 
 
Table 37: Price ranges for various cyclodextrins, quoted per kilogram of product.167 
 

Cyclodextrin product Price (US$/kg) 

b-cyclodextrin 5 - 10 

a-cyclodextrin 70 - 180 

g-cyclodextrin 99 - 990 

hydroxypropyl b-cyclodextrin 12 - 495 

hydroxypropyl g-cyclodextrin 550 - 7000 

methylated b-cyclodextrin 645 - 797 

maltosyl b-cyclodextrin 10 - 13 

maltosyl a-cyclodextrin 304 ï 12 000 

maltosyl g-cyclodextrin 425 ï 700 

glucosyl a-cyclodextrin 304 ï 12 000 

 
 
A more recent catalog of fine chemical grade cyclodextrin products and associated aprices 
is offered by Cyclolab Ltd.  A detailed table in included in Appendix I.  
 
Cyclodextrins have application in many fields.  Successful applications have been made in 
the areas of agriculture, analytical chemistry, biotechnology, cosmetics, diagnostics, 
electronics, foodstuffs, pharmaceuticals and toxic waste treatment.   
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166
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 Szente L and Szejtli J.  (1999).  Highly soluble cyclodextrin derivatives: chemistry, properties and trends 
in development.  Adv Drug Delivery Reviews, 36: 17 ï 28. 
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Almost all applications involve complexation.  Molecules or functional groups of molecules 
that are hydrophobic can be included into the cyclodextrin cavity in the presence of water, 
provided their molecular dimensions correspond to those of the cyclodextrin cavity.  The 
formed inclusion complexes are relatively stable, and rapidly separate from the solution in 
crystalline form.168 
 
The known cyclodextrin derivatives can be classified according to their substituents, 
polarity, size, biological activity etc.  Their practical uses are classified as follows: carriers 
(solubilisers and stabilisers) for biologically active substances; enzyme models; separating 
agents (for chromatography or batch processes); and as catalysts and additives 
(detergents, viscosity modifiers etc.).  The majority of cyclodextrin derivatives have no 
application, as their synthesis is too complicated and expensive.  Even if they could be 
used for the mentioned applications, the cost/ benefit ratio precludes the production and 
use.  An industrially marketable cyclodextrin derivative must meet the following criteria; 
produced via a simple reaction, non-toxic, acceptably priced, retain its complex-forming 
capacity and possess advantageous properties for a specific application.169 
 
(a) Pharmaceuticals 
 
In the pharmaceutical industry, cyclodextrins have been used as complexing agents to 
increase the solubility of drugs known to be poorly soluble in water, and to increase the 
stability and bio-availability of these drugs.170  
 
In addition, cyclodextrins can be used to reduce / prevent gastrointestinal or ocular 
irritation, reduce / prevent unpleasant odours, prevent drug-drug or drug-additive 
interactions, and even to convert oils and liquid drugs to micro-crystalline / amorphous 
powders.  Within the pharmaceutical field, cyclodextrins may be applied to specific areas.  
These are in vivo applications for the parenteral delivery of insoluble drugs, oral 
formulations, ophthalmic preparations, nasal drug delivery, as well as dermal, rectal and 
pulmonary applications.171 
 
Approved and marketed drugs formulated with cyclodextrins are shown in Table 38. 
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 Horikoshi K.  (1979).  Production and industrial applications of b-cyclodextrin.  Process Biochem, 26-30. 
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Table 38: Approved and marketed drugs formulated with cyclodextrins.172 
 

Component Trade name Indication Company/ country 

PGE-1/alpha cyclodextrin Prostandin 
Chronic arterial 
occlusive disease, 
etc. 

Ono/Japan 

PGE-1/alpha cyclodextrin Prostandin 500 
Controls hypotension 
during surgery 

Ono/Japan 

PGE-2/beta cyclodextrin Prostarmon E Induction of labor Ono/Japan 

OP-1206/alpha cyclodextrin Opalmon Buergerôs disease Ono/Japan 

Benexate/beta cyclodextrin Ulgut Antiulcerant Teikoku/Japan 

Benexate/beta cyclodextrin Lonmiel Antiulcerant Shionogi/Japan 

Iodine/beta cyclodextrin Mena-Gargle Throat disinfectant Kyushin/Japan 

Dexamethasone Glyteer/beta 
cyclodextrin 

Glymesason ointment 
Analgesic, anti-
inflammatory 

Fujinaga/Japan 

Nitroglycerin/beta 
cyclodextrin 

Nitropen Coronary dilator Nippon Kayaku/Japan 

Cefotiam hexatil 
hydrochloride/alpha 
cyclodextrin 

Pansporin T Antibiotic Takeda/Japan 

Oral Cephalosporin/beta 
cyclodextrin 

Meiact Antibiotic Meiji Seika/Japan 

PGE-1/alpha cyclodextrin Prostavasin Vasodilator Schwarz/Germany 

Piroxicam/beta cyclodextrin Brexin 
Analgesic & 
antiphlogistic 

Chiesi/Italy 

Itraconazole/hyroxypropyl 
beta cyclodextrin 

Sporanox Liquid Antifungal Janssen/Belgium 

 
(b) Industrial processing 
 
Dyes and pigments may be intensified, i.e. fabrics, textiles, paints, stains and other 
materials can be improved through the action of cyclodextrins, which allow the deliverable 

amount of dye or pigment to be increased.  b-cyclodextrin has specific application for the 
stabilisation of colours and flavours in the plastic industry.173  Hazardous waste treatment 
is facilitated and simplified.  Cyclodextrins immobilise water-insoluble compounds.  
Therefore cyclodextrins can be used to flush spill sites.  The insoluble wastes are 
encapsulated by the cyclodextrin and can then be disposed.  Cyclodextrins can be utilised 
for preserving desirable odours by encapsulating odour-producing chemicals in 
manufacturing, e.g. the smell of leather can be added to plastics or vinyls used to make 
car seats, heat and humidity release the leather smell over time, creating a ñleather-seatò 
odour.174   
 
(c) Cosmetics 
 
The controlled release property and odour masking effects of cyclodextrins can be applied 
to body sanitary products.  The field of cosmetics has become a large market for 
cyclodextrins.175   
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Cyclodextrins are used in this industry for a number of advantageous functions, i.e. 
increasing the stability and prolonging the action of active ingredients, decreasing irritation 
and side effects, and preventing unpleasant odours. 
 
(d) Food 
 
Cyclodextrin-mediated stabilisation of flavour compounds in foods was documented some 
time ago176,177.  Most raw materials described in industrial foods are suitable for inclusion 

into the cyclodextrin molecule.  b-cyclodextrin can be used as a flavour carrier and flavour 
protectant at a level of 2%, in products such as chewing gum, gelatin and puddings, dry 
soup mixes, flavoured coffees and teas, compressed candies, processed cheese products, 
savoury snacks and crackers, dry mixes for baked goods, and beverages prepared from 
dry mixes and breakfast cereals.178  Successful debittering of citrus fruits and juices using 
cyclodextrins has been reported.179  Cyclodextrins and cyclodextrin-containing compounds 
have also been employed in the inhibition on non-enzymatic browning.180 
 
(e) Other 
 
Cyclodextrins may also be used as processing aids to isolate compounds from natural 
sources as well as to remove unwanted compounds such as cholesterol from food 
products.  Cyclodextrins can be used to remove specific compounds from mixtures or 
minerals.  The components that have been removed may either be discarded or further 
purified and the cyclodextrin recycled.181  Cyclodextrins have wide application in the 
separation sciences.  Companies such as Restek Corp and Advanced Separations 
Technologies Inc, are marketing and manufacturing cyclodextrin columns for the chiral 
separation of fragrances, pharmaceuticals and flavours.182  Cyclodextrins also have 
application in agronomy, where they may be used in pesticide, herbicide and fungicide 
preparations.  Cyclodextrins are also useful in animal drugs, and their application is similar 
to pharmaceutical uses.183  They can also be useful for controlled release of an active 
agent, assist the powdering of liquids and gases, reduce toxicity, reduce inhibitant 
masking, improve solubilisation and emulsification of water-insoluble agrochemicals.  
Cyclodextrins have been applied effectively in the manufacture of pesticides, where they 
function as stabilisers for the active agent, against UV and thermal destruction.184  
Cyclodextrins can also be used to enrich nutrient solutions with previously water-insoluble 
compounds.  This will allow organisms or cells with special needs to be cultured for study.  
For example, a cyclodextrin derivative is being used to cultivate bacterial cells causing 
leprosy, without this additive, this work would not be possible.   
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Cyclodextrins have proven to be useful for the suspension of various immunological 
components thereby extending the life of many diagnostic-type test kits.  Manufacturers 
will be using cyclodextrins more frequently in order to remain competitive by providing 
reliable sales projections. 
 
7.4 Industry structure 
 
Commercial manufacturers around the world include: Wacker Chemie (Munich, Germany); 
Ensuiko Sugar Refining Co, Ltd (Yokohama, Japan); Nihon Shikuhin Kako (Tokyo, Japan); 
Roquette Freres (Le Stem, France) and American Maize Products (Hammond IN, US).  
Speciality cyclodextrins may be obtained from Cyclolab R&D Company in Budapest, 
Hungary. 
 
Cyclodextrin manufacturers specifically in the US include: Algon Chemical Inc; American 
Corn Products Co; Roquette Corp; Tyron International; UR Industries Inc; Wacker 
Chemical Inc (USA) and Phansthiel Laboratories 
 
The commissioning of cyclodextrin production was allocated to BICO (Bioresearch 
Corporation of Yokohama), wholly owned by Ensuiko Sugar Refining Co.  BICO has 
decided to relocate its main cyclodextrin production facility to Cargillôs site in Iowa, as raw 
material costs are lowest there.  The 5 000 to 7 000 tonnes per year plant was scheduled 
to start in 2001.  The global market was then estimated at 3 000 tonnes/year.  The use of 
cyclodextrin in industrial applications has been hampered by its high cost.  The BICOôs 
plant at Mizushima (Japan) will be switched to producing cyclodextrin for fine chemical 
uses.  This plant has an annual capacity of 100 tonnes and undertakes production for 
companies such as Mercian and Asahi Chemical Industry.  The aim is to reduce the high 
raw material cost and to be able to reach for larger markets other than the food and 
cosmetics industries.  Additional products which will add value to cyclodextrin, include high 
value-added paper such as photographic printing paper, whiteness-enhancing of recycled 
paper and speciality coatings such as glass anti-fogging agents.185  Mercian Corporation, a 
developer of microorganism conversion technology for use in the chemical synthesis 
industry produces a cyclodextrin product ñRingdex.ò  The demand lies in the medical 
industry, for use as injection agents, as well as for food application in additives, i.e. taste 
and fragrance preservation and seasoning.186 
 
The small US cyclodextrin market has been grown by the presence of Wacker-Chemie 
GmbH.  A US$26 million, 3 000 ton biotechnology facility was built next to the Cargill Inc. 

maize wet-milling plant.  Production of a-, b-, and g-cyclodextrin was to have commenced 
at the end of 1998.  Innovative applications for potato and maizestarch were made 
possible by innovations in food and biotechnology.  Cerestar, another major player in the 
cyclodextrin industry and a company of Eridania Beghin-Say, Hammond, Indiana, was 

planning to use maizestarch for the commercial development of b-cyclodextrins.  Maize 
continues as an ingredient leader and has been used as the basis to develop new 
technology that will improve the performance of flavours and protectants.  Cerestar (now 

part of Cargill since 2001) has participated in the approval process of b-cyclodextrins since 
1996, and has recently received GRAS status (a GRAS petition allows for the marketing of 
a product while it is under FDA review).187   
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Cerestarôs sole competitor was Roquette America, a subsidiary of Franceôs Roquette 
Freres.  Roquette manufactures cyclodextrin in Europe and imports small quantities into 
the US.  Both Cerestar and Roquette are producers of maize starch and maize wet millers.   
 
The biggest application for cyclodextrins appears to be at Procter & Gamble Co (P&G).  
Pharmaceuticals are at the high end of the market, but to sell large volumes, producers 
are looking forward to the arrival of new household and personal care products.  P&G 
have amassed a significant position in the cyclodextrin industry and the company has 
been awarded more than 40 patents by the US Patent and Trademark Office for a wide 
variety of household or personal care inventions that use cyclodextrin.  
 
Novo Nordisk, the worldôs largest enzyme manufacturer, has concluded an agreement with 
the Japanese company, Hayashibara Biochemical Laboratories, for the license to produce 
genetically engineered CGTase.  Hayashibara hold patents for the production and 
application of the enzyme.  The agreement allows Novo to produce and market the 
enzyme worldwide.188 
 
7.5 Patent information on cyclodextrins 
 
Tables 39 and 40 list some examples of patents relating to cyclodextrins.  This is by no 
means a complete list but does provide an indication of the various technologies used by 
researchers / applicants and the associated companies. 
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Table 39:  USPTO patents189 
 

Document 
number 

Inventor(s)/ Assignee: Date Title 

Patent applications 

20050182023 
RDS Millan; MM Coelho; RP Vieira; LR de 
Souza Teixeira ; MC Doreto; H de Oliveira 
Beraldo 

18/08/2005 
Process to prepare semicarbazones' and/or tiosemicarbazones' formulations using 
cyclodextrins and their derivatives and products obtained by this process  

20050154198 F Trotta; W Tumiatti 14/07/2005 Cross-linked polymers based on cyclodextrins for removing polluting agents  

20050080254 
A Schmidt; H-J Buschmann; D Knittel; E 
Schollmeyer 

14/04/2005 
Method for producing reactive cyclodextrins, textile material provided with same, and 
use of said cyclodextrin derivatives  

20050069533 
RDS Millan; RAS Dos Santos; FJG 
Frezad; AP 

31/032005 
Process of preparation of formulations of the peptide angiotensin-(1-7) and its 
analogues, agonistic and antagonists using cyclodextrins, lipossomes and 
biodegradable polymers and/or mixtures and products thereof  

20050043481 R Gref, Ruxandra; P Couvreur 24/02/2005 Material consisting of at least a biodegradable polymer and cyclodextrins  

20040214797 
RT Lyons; J Chang; C-M Chang / Allergen 
Inc. 

28/10/2004 Preserved pharmaceutical compositions comprising cyclodextrins  

20040157797 R-K Chang 12/09/2004 Drug formulation and delivery using crystalline methylated cyclodextrins  

20040076591 
N Anthony; G Dennis George; CJ 
Sheehan 

22/04/2004 Cyclodextrins in dental products  

20040072798 AM Naggi; G Torri; L Trespidi 15/04/2004 Compositions comprising cyclodextrins and no-releasing drugs  

20030148981 Q Zhao; J Temsamani; S Agrawal 07/09/2003 
Use of cyclodextrins to modulate gene expression with reduced immunostimulatory 
response  

20030109493 EM Veys; AL Verbruggen 12/06/2003 Use of polysulphated cyclodextrins for treating osteoarthritis  

20030078215 
VR Shastri; I Yue; P Hildgen; RD 
Sinisterra; R Langer 

24/04/2003 Method of increasing the efficacy of antibiotics by compexing with cyclodextrins  

20030026828 
AC Besemer; AMYW Verwilligen; HJ 
Thiewes 

06/02/2003 Coupling of modified cyclodextrins to fibers  

20020150616 RPG Vandecruys 17/10/2002 Pharmaceutical compositions comprising cyclodextrins  

20020045596 J Nielsen; H Max; B Hargens; R Schimpf 18/04/2002 
Active ingredient combinations or adducts of cyclodextrins and at least one quinone 
and/or at least one hydroquinone and use of such active ingredient combinations in 
cosmetic preparations  

Granted patents 

6,884,789 
ME Davis; H Gonzalez; S Hwang / 
California Institute of Technology  

26/04/2005 Linear cyclodextrin copolymers  

6,583,248 RL Bowen / American Dental Association 24/06/2003 Polymerizable cyclodextrin derivatives  
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http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=13&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=13&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=16&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=16&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=16&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=17&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=17&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=18&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=18&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=20&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=20&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=22&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=22&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=26&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=26&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=26&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=26&f=G&l=50&d=PG01&p=1&S1=cyclodextrins.TTL.&OS=ttl/cyclodextrins&RS=TTL/cyclodextrins
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
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Health Foundation 

6,509,323 
ME Davis; H Gonzalez; S Hwang / 
California Institute of Technology  

21/01/2003 Linear cyclodextrin copolymers  

6,287,603 
N Prasad; D Straus; G Reichart / Nestec 
S.A. 

11/09/2001 Cyclodextrin flavor delivery systems  

6,180,739 
RL Bowen / American Dental Association 
Health Foundation 

30/01/2001 Polymerizable cyclodextrin derivatives  

5,981,740 
RL Bowen / American Dental Association 
Health Foundation 

09/11/1999 Polymerizable cyclodextrin derivatives for use in dental applications  

5,929,131 
RL Bowen / American Dental Association 
Health Foundation 

27/07/1999 Polymerizable cyclodextrin derivatives  

5,910,551 
RL Bowen / American Dental Association 
Health Foundation 

08/06/1999 Polymerizable cyclodextrin derivatives  

5,885,593 
H Epstein / The Andrew Jergens 
Company  

23/03/1999 
Skin care composition including cyclodextrin materials and method for treating skin 
therewith  

5,854,225 H Richard; M Leduc / L'Oreal  29/12/1998 Compounds derived from cyclodextrin  

5,792,821 
RL Bowen / American Dental Association 
Health Foundation 

11/08/1998 Polymerizable cyclodextrin derivatives  

5,759,573 S Kim / DepoTech Corporation  02/06/1998 
Cyclodextrin liposomes encapsulating pharmacologic compounds and methods for 
their use  

5,714,445 
T Trinh; DV Phan; / The Procter & Gamble 
Company  

03/02/1998 Articles containing small particle size cyclodextrin for odor control  

5,714,137 
T Trinh; JP Cappel; PA Geis; ML McCarty; 
D Pilosof; SS Zwerdling / The Procter & 
Gamble Company  

03/02/1998 Uncomplexed cyclodextrin solutions for odor control on inanimate surfaces  

5,668,097 
T Trinh; JP Cappel; PA Geis; ML McCarty; 
D Pilosof; SS Zwerdling / The Procter & 
Gamble Company  

16/09/1997 Uncomplexed cyclodextrin solutions for odor control on inanimate surfaces  

5,593,670 
T Trinh; JP Cappel; PA Geis; ML McCarty; 
D Pilosof; SS Zwerdling / The Procter & 
Gamble Company  

14/01/1997 Uncomplexed cyclodextrin solutions for odor control on inanimate surfaces  

5,556,775 I Karube; Y Nobuyuki / Amano 17/09/1996 Method of producing b-cyclodextrin 

5,534,165 
T Trinh; JP Cappel; PA Geis; ML McCarty; 
D Pilosof; SS Zwerdling / The Procter & 
Gamble Company  

09/07/1996 
Fabric treating composition containing beta-cyclodextrin and essentially free of 
perfume  

5,492,829 
JY Choi, JH Lee, KH Choi; I Kwon / Lotte 
Confectionery Co Ltd 

20/02/1996 Klebsiella oxytoca No 19-1 capable of producing alpha-cyclodextrin 

5,283,059 
M Suzuki; H Yamaoka; M Aoshima; K 
Hashimoto / Asahi Kasei Kogyo Kabushiki 
Kaisha 

01/02/1994 
Process for producing a stabilized store-forming viable microorganisms preparation 
containing Bacillus cereus  

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=6&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=6&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=7&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=7&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=8&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=8&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=9&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=9&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=10&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=10&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=11&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=11&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=12&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=12&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=12&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=13&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=13&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=14&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=14&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=15&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=15&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=15&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=16&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=16&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=17&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=17&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=18&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=18&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=19&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=19&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=20&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=20&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=20&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&f=G&l=50&d=PTXT&p=1&p=1&S1=(((corn+OR+maize).ABST.+AND+cyclodextrin)+AND+production)&OS=ABST/(corn+OR+maize)+AND+cyclodextrin+AND+production&RS=((ABST/(corn+OR+maize)+AND+cyclodextrin)+AND+production)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&f=G&l=50&d=PTXT&p=1&p=1&S1=(((corn+OR+maize).ABST.+AND+cyclodextrin)+AND+production)&OS=ABST/(corn+OR+maize)+AND+cyclodextrin+AND+production&RS=((ABST/(corn+OR+maize)+AND+cyclodextrin)+AND+production)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&f=G&l=50&d=PTXT&p=1&p=1&S1=(((corn+OR+maize).ABST.+AND+cyclodextrin)+AND+production)&OS=ABST/(corn+OR+maize)+AND+cyclodextrin+AND+production&RS=((ABST/(corn+OR+maize)+AND+cyclodextrin)+AND+production)
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5,007,966 
A Hedges; F Tenbarge / American Maize-
Products Company 

16/04/1991 Cyclodextrin complexing method  

4,865,976 RP Rohrbach; DS Scherl / UOP  1989 
Method of cyclodextrin manufacture using an immobilized cyclodextrin 
glycosyltransferase 

4,748,237 RP Rohrbach; DS Scherl / UOP  1988 Increasing cyclodextrin yields by the addition of various solutes to starch feedstocks 

4,727,064 
J Pitha / The US of America as 
represented by the Department of Health 

1988 Pharmaceutical preparations containing cyclodextrin derivatives  

4,477,568 H Hokse 1984 Process for the manufacture of cyclodextrin 

4,317,881 Y Yoshiaki / Sanraku-Ocean Co Ltd 1982 Process for producing cyclodextrins 

3,988,206 
M Shiosaka / Hayashibara Biochemical 
Laboratories Inc. 

1976 Heat stable cyclodextrin glycosyltransferase 

2,827,452 H Schlenk; DM Sand and JA Tillotson 1958 Stabilisation of materials 

 
 
Table 40: EPO sourced patents, excluding US patents190 
 

Publication info Inventor Applicant Title 

EP0614971A2;1994 S Mori Amano 
Novel cyclodextrin glucanotransferase, process for producing the same  
and process for producing cyclodextrin using the same 

WO 91/09962;1990 RL Starnes Novo Nordisk A method for enzymatically converting starch to cyclodextrins 

EP0356048; A31989 P Allenza  Novel cylodextrin glycosyltransferases 

WO89/ 01043;1988 A Hiroyuki Genetics Institute Inc 
Process and enzyme for preparing cyclodextrins, especially alpha-
cyclodextrin 

EP149197; 1984 BW Muller; U Brauns  
Pharmaceutical compositions containing drugs which are unstable or 
sparingly soluble in water and methods for their preparations 

EP0045464A1;1982 

K Horikoshi, M 
Yamamoto, N 
Nakamura, M Okada, 
M Matsuzawa, O 
Ueshima; T Nakakuki 

Nihon Shokuhin Kako Co Ltd Process for producing cyclodextrins 
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  European Patent Offfice.  http://www.espacenet.com/ 

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=25&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=25&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=26&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=26&f=G&l=50&d=PTXT&p=1&p=1&S1=(cyclodextrin.TTL.+AND+encapsulation)&OS=ttl/cyclodextrin+AND+encapsulation&RS=(TTL/cyclodextrin+AND+encapsulation)


Compilation of maize research results ï Part 2 page 89 

 

 

 

The following few paragraphs summarise a few of the more relevant patents and patent 
application listed in Tables 39 and 40.  This section attempts to provide an indication of the 
technologies used by the various researchers / applicants and associated companies. 
 

7.5.1 Production of cyclodextrins 
 
One of the first US patents on cyclodextrin applications was for fatty acid solubilisation and 
synthesis.191  The naturally occurring cyclodextrins have been in the public domain for 
many years as products of nature and would not ordinarily be considered patentable 
subject matter.  There are many patents claiming specific complexes of the natural 

cyclodextrins with drugs, particularly b-cyclodextrin/drug complexes. 
 
Although various chemically modified cyclodextrins are known, the possibility of 
synthesizing new ones certainly does exist.  The patent situation varies for known 

derivatives and complexes.  In the case of hydroxypropyl-b-cyclodextrin (HPB) and other 

hydroxyalkylated derivatives of b-cyclodextrin, the derivatives themselves have been 
known for nearly twenty years and the basic patents have expired.  Complexes of HPB 
and related derivatives with drugs have been developed much more recently.  In the USA, 
the HPB patent scene is dominated by US patent 4,727,064 (1998).  This patent claims 
compositions containing an amorphous complex of cyclodextrin and a drug, and a method 
of producing such a complex from amorphous cyclodextrins.  HPB appears to be the most 
promising of the amorphous cyclodextrins described in the patent.  
 
Outside the US and especially in Europe, the dominant patent position with respect to HPB 
belongs to Janssen Pharmaceutical Co. or Beerse, Belgium.  The Janssen European 
application relates to pharmaceutical drugs, which are unstable or sparingly stable in 

water, complexed with HPB or a related b-cyclodextrin derivative (EP149197; 1984).  A 
European patent was issued to Janssen in 1990.  An opposition to the Janssen 
cyclodextrin patent was filed by at least one European manufacturer but later abandoned.  
 

7.5.2 Applications for cyclodextrins 
 
The following paragraphs provide examples of some the application for which 
cyclodextrins are used for. 
 
US patent 5,534,165 (1996) relates to a stable, aqueous odor-absorbing composition 
containing cyclodextrin.  The composition is designed to control odors caused by a broad 
spectrum of organic odoriferous materials and to remain shelf stable for a substantial 
period of time.  The product is intended to be used on surfaces, especially fabrics, in order 
to restore and/or maintain freshness by reducing malodor without the need for washing or 
dry cleaning. 
 
US patent 5,759,573 (1998) describes a liposome-containing cyclodextrin in an 
encapsulated aqueous phase which is useful for encapsulation of biologically active 
substances, especially those which are hydrophilic.  The encapsulated cyclodextrin 
facilitates a slow, controlled release of pharmacologic compounds from the liposomes.  
This novel method allows the treatment of a variety of pathophysiological states by 
administering the cyclodextrin-containing liposomes encapsulating the pharmacologic 
compounds.   

                                                 
191

 US patent 2,827,452 (1958) 
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US patent 5,885,593 (1999) related to a skin preparation containing cyclodextrins.  a- and 

b-hydroxy (and keto) acids have been used in a wide variety of skin care compositions to 
remove dead cells from the surface of the skin and to assist in skin moisturisation.  Such 
acids are of interest in skin care compositions because of the demand for products that 
diminish the appearance of fine lines on the face and improve the appearance of flaking or 
dry skin.  Although such acid materials offer a number of advantages, they also commonly 
cause skin irritation and stinging, particularly when used in effective concentrations, i.e. 
greater than about 1%, and more commonly around 3 to 15%. The irritation caused by 
such acid materials is most noticeable in applications of skin care compositions to 
sensitive skin areas, e.g facial application.  The method (described in this patent) is for 
treating skin along with a novel skin care composition comprising the following 
components in a suitable carrier: (a) from about 1 to 10% of a cyclodextrin material; and 

(b) from about 1 to about 15% of an acid material selected from: a-hydroxy acids, 

b-hydroxy acids, a-keto acids, b-keto acids, and combinations thereof.  The skin care 
composition includes a cyclodextrin material to reduce the irritation and stinging caused by 
the presence of the aforementioned acid materials.  
 
US patent application 20050154198(2005) describes a process whereby cyclodextrins are 
cross-linked by reaction with organic carbonates and used as pollution control agents  
 
US patent application 20050182023 (2005) relates to the preparation of semicarbazone 
and/or thiosemicarbazone formulations with cyclodextrins and their derivatives.  The 
invention is characterised by obtaining inclusion compounds of semicarbazone and/or 
thiosemicarbazones with cyclodextrins and their derivatives, which were tested in 
experimental epilepsy models and allowed the reduction of the anticonvulsant dose from 
100 mg/kg.  This means an improvement in the bioavailability of the compounds in 
biological systems.  These results obtained in animal models make semicarbazones 
and/or thiosemicarbazones included in cyclodextrins and their derivatives new 
anticonvulsant candidates.  The invention is also characterised by the improved efficacy of 
semicarbazones and/or thiosemicarbazones included in cyclodextrins and their derivatives 
in comparison to free components.  In addition the present invention is also characterized 
by the pain killer effect of semicarbazones and thiosemicarbazones.  The invention is also 
characterised by a lowering of the dose necessary for the pain killer effect of 
semicarbazones and thiosemicarbazones upon inclusion into cyclodextrins.  
 
 
8. Fat replacers 
 
8.1 Background 
 
Fat replacement is currently an important technological challenge facing the food industry 
due to consumer health concerns.  Many standard hydrocolloids have been used to 
reduce fat levels in food without impacting negatively on the taste and texture, while 
modifications to processing techniques have also been used to develop reduced- and 
lowfat foods.  However, a number of new ingredients for the specific purpose of fat 
replacement have also been developed.  This area can be categorised into fat substitutes 
and fat mimetics.  Fat substitutes are products that physically and chemically resemble 
conventional fats and oils, while fat mimetics are substances that imitate fats but which 
cannot directly replace fat on a gram-for-gram basis.   
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The fat mimetics category includes protein-based (egg, milk, soya, whey, wheat proteins) 
and carbohydrate-based (starches, gums, cellulose, maltodextrin, polydextrose) 
ingredients.192 
 
The fat replacers developed to date generally fall into one of three categories 
(i) carbohydrate-based, (ii) protein-based and (iii) fat-based (see Table 41 for types and 
applications of each).  Table 42 provides commercial brand names and producers of the 
different types of fat replacers. 
 
Many of the low-fat products introduced in recent years contain carbohydrate-based fat 
replacers.  Carbohydrates have been used safely for many years as thickeners and 
stabilisers.  These ingredients are also effective fat replacers in many formulated foods, 
including heat applications.  They are not suitable for frying foods.  Protein-based fat 
replacers have tremendous potential for use in a variety of products, especially frozen and 
refrigerated products.  Although protein-based fat replacers are not suitable for frying 
foods, they can be used in many heat applications (e.g., cream soups, pasteurised 
products, baked goods).  Scientists have been able to chemically alter fatty acids to 
provide fewer or no calories, making fat-based fat replacers possible.  Some fat-based fat 
replacers actually pass through the body virtually unabsorbed (e.g., olestra).  These 
ingredients have the advantage of heat stability and offer excellent versatility.  Some may 
be used in frying; others as cocoa butter substitutes193. 

                                                 
192

 Leatherhead market report on the food additives market: global trends and developments; May 2002 
193

 http://www.caloriecontrol.org/fatrepl.html; accessed 18/08/05 
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Table 41: The following table194 illustrates which category of fat replacers are used, or 

may be used in the future, in various, major food categoriesa. 
 
 Fat replacers 

Food category Carbohydrate-based Protein-based Fat-based 

Milk/dairy-type products 

cellulose, gums, inulin, 
maltodextrins, maltose, 
oatrim, polydextrose, 
starches 

Microparticulated 
protein, modified whey 
protein concentrate, 
other protein ingredients 

emulsifiers, olestra
b
 

Refrigerated/frozen 
desserts 

cellulose, gums, inulin, 
maltodextrins, oatrim, 
polydextrose, starches, 

Microparticulated 
protein, modified whey 
protein concentrate, 
protein blends, other 
protein ingredients 

emulsifiers, salatrim, 
olestra

b
, other lipid 

(fat/oil) analogs
b
 

Meat/poultry products 
gums, inulin, 
maltodextrins, oatrim, 
starches  

 
Olestra

b
, other lipid 

(fat/oil) analogs
b
 (fried 

foods) 

Fish/shellfish sroducts   
Olestra

b
, other lipid 

(fat/oil) analogs
a
 (fried 

foods) 

Cooking/salad oils  Microparticulated protein 
Olestra

b
, other lipid 

(fat/oil) analogs
b
 

Other fats and oils  

cellulose, gelatin, gums, 
inulin, maltodextrins, 
oatrim, polydextrose, 
starches 

Microparticulated 
protein, protein blends, 
other protein ingredients 

emulsifiers, salatrim, 
olestra

b
, other lipid 

(fat/oil) analogs
b
 

Soups/sauces/gravies 
cellullose, gums, inulin, 
maltodextrins, oatrim, 
starches 

Microparticulated 
protein, modified whey 
protein concentrate 

emulsifiers, olestra
b
, 

other lipid (fat/oil) 
analogs

b
 

Cereals/grain products 
gums, fibre, inulin,  
maltodextrins, starches 

Microparticulated protein  

emulsifiers, olestra
b
 

(crackers), other lipid 
(fat/oil) analogs

b
 

Confectionery & candies 

cellulose, crystalline 
fructose, gums, inulin, 
maltodextrins, oatrim, 
polydextrose, polyols, 
starches  

caprenin, emulsifiers, 
olestra

b
, salatrim, other 

lipid (fat/oil) analogs
a
 

Baked desserts 

celllulose, fibre, gums, 
inulin, maltodextrins, 
maltose, oatrim, 
polydextrose, polyols, 
starches  

Microparticulated 
protein, protein blends, 
modified whey protein 
concentrate 

emulsifiers, olestra
b
, 

salatrim, other lipid 
(fat/oil) analogs

b
 

Prepared entrees 
cellulose, gums, inulin, 
maltodextrins, oatrim, 
polydextrose, starches 

Microparticulated 
protein, modified whey 
protein concentrate 

emulsifiers, olestra
b
, 

other lipid (fat/oil) 
analogs

b
 

Savory snacks 
cellulose, fibre, gums, 
maltodextrins, maltose, 
starches  

 
Olestra

b
, other lipid 

(fat/oil) analogs
b
 

a 
Note that in some cases the fat replacer may be the only ingredient necessary to achieve the desired 

function, while in other cases, a combination of ingredients (e.g., one or more fat replacers, bulking 
agents and/or low-calorie sweeteners) may be necessary.  Also, fat replacers will have varying degrees 
of success, depending on the specific product application. 

b 
Currently not available for use 
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 http://www.caloriecontrol.org/frlist.html; accessed 18/08/05 
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Compilation of maize research results ï Part 2 page 93 

 

 

 
Table 42: Examples of commercially available fat replacers and their 

manufacturers195,196 
 
Category Product Manufacturer Typre Functional properties 

C
a
rb

o
h
y
d
ra

te
-b

a
s
e

d
 

Avicel FMC Corp. 

Cellulose 

Binder, body, bulking 
agent, flavor enhancer, 
gelling, moisture 
retention, mouth feel, 
reduce syneresis, 
stabilize emulsions 
and foams, texture, 
thickener, viscosity 

Just Fiber International Fiber Corp. 

Others:  Methocel, Solka-Foc 

Stellar AE Staley Manufacturing Co. 

Dextrins & 
modified starches 

Others: Amylum, N-Oil, Amalean I & II, Farinex 
VA15 & VA20, OptaGrade, Perfectamyl AC, AX-1 
& AX-2, PURE-GEL, STA-SLIM 

N-Lite-S National Starch & Chemical Co. 

Inscosity Grain Processing Corp. 

Dried plum 
paste 

The Heart Garden Corp. 

Fruit-based fibre 
Prune 
paste 

The Heart Garden Corp. 

WonderSli
m 

The Heart Garden Corp. 

Betatrim Rhone-Poulenc Inc. 

Grain-based fibre 
Others: Trim Choice, Oat Fiber, Opta, Snowite, 
Ultracel 

Z-trim FiberGel Technologies Inc. 

Kelgum Kelco, Division of Merck 

Hydrocolloid gums Keltrol Monsanto 

Kelcogel Kelco, Division of Merck 

Paselli AVEBE America Inc. 

Maltodextrin Others: Loretlite, CrystaLean, Lycadex, STAR-DRI 

Maltrin Grain Processing Corp. 

Others: Raftiline, Fruitafit, Fibruline Inulin 

Grinsted Danisco 
Pectin 

Slendid Hercules Inc., 

Gelcarin FMC Corp. 

Polydextrose Litesse Cultor Food Science Inc. 

Sta-Lite AE Staley Manufacturing Co. 

P
ro

te
in

-

b
a
s
e
d

 Simplesse Nutrasweet 
Microparticulate 

protein 
Colloidal gels, mouth 
feel, slow melt-down, 
reduce syneresis, 
water-binding capacity 

Dairy-Lo Cultor Food Science Inc. 
Modified whey 

protein 
concentrate 

F
a
t-

b
a
s
e
d

 Caprenin Procter & Gamble Altered 
trigycerides with 

no calories Emulsion, mouth feel 
Benefat Cultor Food Science Inc. 

Olean Nutrasweet 
Sucrose polyester 
with no calories 

C
o
m

b
in

a
ti
o

n
 Mimix Not available being evaluated 

Carbohydrate + 
protein 

Flavor and texture 
enhancer, mouth feel, 
water retention 

OptaMax Opta Food Ingredients Inc. Carbohydrate 
+lipids Fantesk Opta Food Ingredients Inc. 
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 Position of the American Dietetic Association: Fat Replacers.  (2005). Journal of the American Dietetic 
Association 105(2): 266-275. 
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 http://www.ific.org/publications/other/fatrepltoolkitgloss.cfm 
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8.2 Market size197 
 
It is extremely difficult to quantify the total fat replacers market as many reduced- and 
low-fat foods are still produced using traditional gums and thickeners or modified 
processing techniques, with the market for commercial fat substitutes remaining fairly 
limited, particularly outside the US. 
 
In 2000, global sales for all fat replacement products were estimated at US$800 million 
(assuming the US to represent around half the world market).  However, sales were 
marginally reduced during that year due to declining sales of fat-free foods and negative 
publicity surrounding the olestra brand.  The market was expected to recover and 2001 
sales were estimated at US$830 million.  In 2000, carbohydrate-based fat mimetics 
represented 59% of the US market, with protein-based lines accounting for 22%, and the 
fat-based products for 19%.  In the future, protein-based products were expected to 
increase their share of sales at the expense of both carbohydrate- and fat-based 
replacers. 
 
Sales figures (US) for 2004 were US$1.2 billion (for both artificial sweeteners and fat 
replacers) with profits being stimulated by health-conscious consumers seeking to 
moderate sugar and caloric intake without sacrificing taste and texture.  Fat replacers in 
particular were estimated to have grown by over 7% annually to reach US$520 million in 
2004.198  2005 global sales estimates were given as US$970 billion (Table 43), with the 
US accounting for approximately US$500 million.  US research also shows an increase in 
the use of protein-based substitutes over the next few years, with the share of 
carbohydrate- and fat-based substitutes dropping.  By 2007, protein-based products 
should have increased their share of sales to over 26% (from 22%), while the share of 
carbohydrate-based products will drop to 57% (from 59%), and the share of fat-based 
replacers to 16% (from 19%). 
 
Table 43: World fat replacers market by value (1998-2005) 
 
 Value (US$ x million) % Change per annum 

1998 2001
a 

2005
a 

1998-2001 2001-2005 

Fat replacers 815 830 970 +0.6 +4.0 

 
As with many other areas of the additives and ingredients market, the fat substitutes sector 
has been held back to a certain extent by the regulatory authorities.  New ingredients with 
a specific function of this kind have to undergo lengthy testing and take some time to reach 
the market, e.g. Procter & Gamble's olestra fat substitute was first developed in the 
mid-1980s, and an application was made to the FDA for its approval in foods in 1989.  
Approval was finally given for use of the ingredient in snacks and baked goods seven 
years later, in 1996.  Similarly, Salatrim / Benefat is still awaiting approval in many 
countries, including the EU, and is approved for use in only six countries. 
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 Freedonia market report on artificial sweetners and fat replacers in the US up to 2004, November 2000 
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8.3 Future trends199 
 
Fat replacement is increasingly being carried out with carbohydrate- and protein-based 
mimetics, with the specially developed fat-based fat substitutes having suffered from poor 
press and consumer demand for more natural foods.  Consumers are tending more 
towards reduced-fat rather than fat-free foods, so mainstream fat mimetics, such as 
hydrocolloids and fibres, suit most needs. 
 
Factors' affecting the fat replacers market and issues for the future are assessed below: 
 

¶ Reduction in demand for fat-free products, in favour of low-fat.  While fat reduction 
remains a major issue among today's consumers, it would appear that the trend is 
towards reduced-fat, rather than fat-free products.  This can be attributed to a 
number of issues, including demand for more natural foods and ingredients and 
consumers' reluctance to compromise on taste or texture quality in order to eat 
more healthily.  The negative publicity surrounding olestra would certainly have 
boosted demand for more natural fat replacement products and for reduction of fat 
through processing methods rather than through inclusion of specially designed 
replacers.  Consumer attitudes to fat are also changing, with more and more people 
recognising the need for a certain amount of fat in their diet and choosing products 

that still contain some fat rather than the totally fat free lines. 
 

¶ Poor publicity surrounding olestra.  Negative publicity surrounding the olestra fat 
substitute in the US hit the market for fat replacers in 2000, with the other main fat-
based product, Salatrim, also being hit by this.  The problem surrounded clinical 
research that had shown olestra to reduce absorption of nutrients and to cause 
abdominal symptoms in some consumers.  This issue is likely to contribute to a shift 
away from fat-based replacers towards other substitutes based on protein or 
carbohydrates in future years. 

 
Advances will be fueled by market penetration of second-generation fat replacers offering 
improved functionality.  Further growth will be driven by the rise in use of new high 
intensity sweeteners and the premium prices commanded by these patent-protected 
products.  The best opportunities exist for fat replacers and combination systems of fat 
mimetics that offer improved functionality or contribute nutritional benefits, such as 
increased dietary fibre.  Diet soft drinks will continue to dominate end-use markets for 
artificial sweeteners.  However, alternative beverages, dairy products and sauces and oils 
are the fastest growing markets for the overall artificial sweetener and fat replacer 
industry.200 
 
8.4 Industry structure201 
 
There is a wide range of different companies and brands active in the global fat , i.e. many 
of the major suppliers are involved in the hydrocolloids market, e.g. FMC Biopolymers and 
CP Kelco, while others are involved primarily in the starch and sweeteners sectors, e.g. 
National Starch & Chemical, Cerestar, AE Staley and Amylum.  Other major suppliers 
include companies with a broader interest in food additives, such as Danisco Cultor.   

                                                 
199

 Leatherhead market report on the food additives market: global trends and developments; May 2002 
200

 Freedonia market report on artificial sweetners and fat replacers in the US up to 2004, November 2000 
201

 Leatherhead market report on the food additives market: global trends and developments; May 2002 



Compilation of maize research results ï Part 2 page 96 

 

 

The fat replacers segment is fragmented, reflecting a competitive approach that has 
fostered development of fat replacers suitable for a relatively narrow range of products.  
Leading producers of fat replacers include Danisco Cultor, FMC and Hercules202. 
 
8.4.1 Fat-based fat replacers 
 
Perhaps the best known synthetic fat substitute available at present is olestra, from 
Procter & Gamble (P&G).  The product is a particular type of sucrose polyester and is sold 
under the Olean brand name.  The product was approved for use in the .US following a 
very long period under review by the FDA and is now being used in several snack food 
products in the US, most notably Frito-Lay's WOW! potato and tortilla chips and P&G's 
own Pringles snack.  In 2002, P&G announced that it was selling its olestra plant in 
Cincinnati, OH, to fatty acid manufacturer Twin Rivers Technologies.  It will retain 
ownership of the Olean brand and technology and will continue to fulfil its contracts with its 
snack food customers, with Twin Rivers supplying P&G with the required volume of olestra 
to fulfil these needs. 
 
The other well-known branded synthetic fat substitute is Salatrim, which is sold under the 
Benefat brand.  This product, which is based on short- and long-chain acid triglyceride 
molecules, is marketed by Finnish company Danisco Cultor, but was originally developed 
by bakery company Nabisco, with the Finnish firm taking over the commercialisation of the 
product under licence in 1994.  Benefat is actually manufactured in Rochester, NY, by 
Eastman Chemical Co. as part of a co-manufacturing agreement with Danisco Cultor.  The 
main applications of Benefat include in reduced-fat bakery products, confectionery, 
chocolate coatings, biscuit fillings and health bars.  It is cleared for use in the US, Japan, 
Taiwan, Chile, Colombia and Korea, with EU approval still pending in 2000. 
 
A new entrant to this sector is the diacylglycerol (DAG) oil launched by ADM in early 2001.  
The product was developed by Kao Corp. of Japan and is being marketed through a joint 
venture with ADM.  It is expected to come on-stream under the Enova brand in 2002. 
 
Other products in the fat-based replacers sector include MCTs (medium-chain 
triglycerides).  Danisco Cultor supplies these under the Grinsted MCT brand, while other 
suppliers tend to focus on non-food applications. 
 
8.4.2 Carbohydrate-based fat replacers 
 
This sector features the widest range of fat replacers available to food and drink 
companies, including starches, maltodextrins, gums, fibres, inulin, and cellulose products.  
The category is, therefore, contested by a variety of different companies with interests in 
these specific sectors. 
 
Several of the world's leading starch manufacturers have developed fat replacers, 
including Cerestar, National Starch & Chemical and A E Staley.  Cerestar's product range 
includes the C*deLight maltodextrins derived from potato starch, while National Starch & 
Chemical also offers dextrins and starches under the N-Oil and N-Lite brands.  The former 
is based on tapioca starch and has been available since 1984, while the latter is based on 
maize starch and was launched in 1992.  AE Staley, which is part of the UK's Tate & Lyle 
group, offers two different types of starch-based fat replacer - Sta-Slim potato and tapioca 
starch and Stellar maize starch.   
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The Amylum company from Belgium also produces dextrins and starches that can be used 
for fat replacement, while Dutch firm Avebe offers several fat replacement maltodextrins 
under its Paselli potato starch brand. 
 
Polydextrose fat replacers are also marketed by AE Staley and Danisco Cultor, under the 
Sta-Lite and Litesse brands, respectively.  Fibre-based fat replacers are available from 
Opta Food Ingredients of the US, including the OptaGrade, OptaMax, and OptaMist 
brands, while Cosucra of Belgium sells pea fibre products under the Swelite brand.  The 
Oatrim oatbased fat replacer, which was developed and patented by a Dr Inglett from the 
USDA in 1991, is sold under the Beta-Trim ,brand from Rhodia (as a joint venture with 
Quaker Oats) and under the TrimChoice brand by Mountain Lake Specialty Ingredients. 
 
While hydrocolloids are widely used as fat replacers, there are certain products and 
brands that are marketed more specifically on this platform, with major gum companies 
such as FMC Biopolymers and CP Kelco operating in this sector.  FMC Biopolymers' 
range of gums includes the Nutricol konjac flour brand, which is marketed as being a 
suitable fat mimetic, while, in addition to its standard pectins range, CP Kelco also 
produces the Slendid brand, which is a speciality pectin designed specifically for fat 
replacement.  This latter company also offers the Kelcogel gellan gum and Keltrol xanthan 
gum products, which can be used as fat replacers.  FMC Biopolymers is also active in the 
cellulose derivatives sector, with its Avicel and Avicel-plus microcrystalline cellulose, which 
was developed in the mid-1960s and which is primarily targeted at the pharmaceuticals 
market as a hydrocolloid.  However, it has also been found to be suitable for fat 
replacement, as has FMC's Novagel cellulose gel.  Similarly, Dow Chemical's Methocel 
methyl cellulose can be used as a fat mimetic, as can International Fiber Corp's Solka-Floc 
powdered cellulose.  Another key category of the carbohydrate fat mimetics sector is 
inulin, a fructose polymer, which is marketed by both Cosucra and Drafti of Belgium under 
the Fibruline and Raftiline brands, respectively.  Meanwhile, Sensus of the Netherlands is 
also active in this sector with the Frutafit brand. 
 
8.4.3 Protein-based fat replacers 
 
Among the protein-based fat mimetics is one of the best-known fat replacers available on 
the market, which is CP Kelco's Simplesse.  This product is a whey protein concentrate 
and has received some consumer recognition owing to the company's strong brand logo 
featured on all products that contain Simplesse.  Simplesse is available in a number of 
different compositions designed for specific products.  The family has a wide range of 
applications, including dairy products, baked goods, dressings, spreads, soups and 
sauces.  Simplesse is probably one of the most widely used of the branded fat replacers in 
Europe. 
 
Protein-based fat replacers do tend to be suitable for a number of different applications, 
with another major brand being Dairy-Lo, a milk protein concentrate developed by Danisco 
Cultor that can be used in similar categories to Simplesse.  Danmark Protein is also active 
in this sector, with a range of whey proteins sold under the Nutri/ac brand. 
 
8.5 Patent information on fat replacers 
 

Tables 44 and 45 list some examples of patents relating to fat replacers.  This is by no 
means a complete list but does provide an indication of the various technologies used by 
researchers / applicants and the associated companies.   
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Table 44:  USPTO patents203 

Document 
number 

Inventor(s)/ Assignee: Date Title 

Patent applications 

20050089602 
S Kvist; T Carlsson; JM Lawther; FM 
DeCastro 

28/04/2005 Process for the fractionation of cereal brans  

20030190402 C McBride 09/10/2003 Reduced fat foodstuff with improved flavor 

20030143312 D Tamarkin; M Eini; M Peled 31/07/2003 Baking adjuvant  

20030054501 D Schmiedel; BJ Konig; G Jacobasch 20/03/2003 Process for preparing resistant starch  

Granted patents 

6,623,943 
D Schmiedel; BJ Konig; G Jacobasch / 
Bayer Corp. GmbH 

23/09/2003 Process for preparing resistant starch  

6,436,461 
JF Bouwmeesters; KB De Roos / 
Givauden Roure (International) SA 

20/08/2002 Process for preparing gel beads as food additives  

6,361,809 
C Christophersen; S Pedersen; TR 
Christensen / Novozymes A/S 

26/03/2002 
Method for production of maltose and a limit dextrin, the limit dextrin, and use of the 
limit dextrin  

6,030,654 
ME Thomas; MS Lajoie; RC Sargent; D 
Geeding-Schild / Church & Dwight Co., 
Inc.  

29/02/2000 Composition for no fat of reduced fat bakery products  

5,912,031 CS Fitchett; PR Latham 15/06/1999 
Process for preparing a fat replacer by enzymatic digestion of a ground cereal with a-
amylase  

5,658,768 PT Quinlan / Loders Croklaan (NL) 19/08/1997 
Process for production of human milk fat replacers by enzymatic conversion of 
triglycerides 

5,516,543 
OJ Amankonah; RC Valli; DA Zdanis / 
Monsanto Co. 

14/05/1996 Oil-coated microparticulated gellan gum  

5,378,491 
KD Stanley; DW Harris / AE Staley 
Manufacturing Co. 

03/01/1995 
Method of preparing a starch hydrolysate, an aqueous starch hydrolysate dispersion, 
method of preparing a food containing a starch hydrolysate, and a food formulation 
containing a starch hydrolysate 

5,225,219 
GE Inglet / The US of America, as 
represented by the Secretary of 

06/071993 Amylodextrin compositions and method therefor 

4,971,723 
C-W Chiu; Chung-Wai / National Starch 
and Chemical Investment Holding 
Corporation 

20/11/1990 Partially debranched starches and enzymatic process for preparing the starches 

4,952,687 J Bodor; G Page / Lever Brothers Co. 28/08/1990 Fatty acid esters of sugars and sugar alcohols 

4,510,166 
JM Lenchin; PC Trubiano; S Hoffman / 
National Starch and Chemical Corporation 

09/10/1985 Converted starches for use as a fat- or oil-replacement in foodstuffs 
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 US Patent Office.  http://www.uspto.gov/patft/index.html 

http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=1&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22fat+replacer%22.CLM.%29+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=+((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=1&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22fat+replacer%22.CLM.%29+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=+((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=1&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22fat+replacer%22.AB.%29+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=+((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=1&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22fat+replacer%22.AB.%29+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=+((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=3&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22fat+replacer%22.CLM.%29+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=+((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=3&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22fat+replacer%22.CLM.%29+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=+((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=4&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22fat+replacer%22.CLM.%29+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=+((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=4&p=1&f=G&l=50&d=PG01&S1=%28%28%28%22fat+replacer%22.CLM.%29+AND+%28maize+OR+corn%29%29+AND+%28%28production+OR+use%29+OR+application%29%29&OS=+((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ACLM.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ACLM.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ACLM.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ACLM.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ABST.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ABST/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ABST.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ABST/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ABST.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ABST/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ABST.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ABST/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ABST.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ABST/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.TTL.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.TTL.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=1&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.TTL.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ttl/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((TTL/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=4&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ABST.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ABST/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=4&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ABST.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ABST/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=7&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ABST.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ABST/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=7&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ABST.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ABST/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ABST/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
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4,283,436 CJ Soeters; CN Paulussen 11/08/1981 Hard fat replacer and chocolate containing same 

3,962,465  
M Richter; F Schierbaum; S Augustat; K-D 
Knoch / Akademie der Wissenschaften 
der DDR  

08/06/1976 Method of producing starch hydrolysis products for use as a food additives 

3,986,890 
M Richter; F Schierbaum; S Augustat; K-D 
Knoch / Akademie der Wissenschaften 
der DDR  

19/10/1976 Method of producing starch hydrolysis products for use as food additives 

 
 
Table 45: EPO sourced patents, excluding US patents204 

Publication info Inventor Applicant Title 

EP0873691; 1998-
10-28 

M Kojima; K Tabata Ina Food Industry Co. Ltd (JP) Food comprising a low gel strength agar 

EP0698078; 1996-
02-28 

FW Cain; PT Quinlan Loders Croklaan (NL) Human milk fat replacers from interesterified blends of triglycerides 

EP0698077; 1996-
02-28 

PT Quinlan Loders Croklaan (NL) Process for production of human milk fat replacers 

ZA9403032; 1995-
11-04 

FW Cain; PT Quinlan Loders Croklaan (NL) Human milk fat replacers for interesterified blends or triglycerides 

EP0529892; 1993-
03-03 

DW Harris; JA Little AE Staley Manufacturing Co. (US) Fragmented, alpha amylase hydrolysed amylose precipitate as fat replacer 

EP0529893; 1993-
03-03 

DW Harris; JA Little AE Staley Manufacturing Co. (US) Debranched amylopectin-starch as fat replacer 

EP0529894; 1993-
03-03 

DW Harris; JA Little AE Staley Manufacturing Co. (US)  Fragmented, debranched amylopectin starch precipitate as fat replacer 

WO9303630; 
1993-03-04 

DW Harris; JA Little AE Staley Manufacturing Co. (US) Fragmented, debranched amylopectin starch precipitate as fat replacer 

WO9310675; 
1993-06-10 

DW Harris; JA Little AE Staley Manufacturing Co. (US) Fragmented, alpha-amylase hydrolyzed amylose precipitate as fat replacer 

CA2050449; 1992-
03-04 

JCT van Duuren; PW 
Elliott 

Unilever PLC (GB) Low calorie products 

CA2023971; 1991-
03-01 

FW Cain; FR de Jong Unilever PLC (GB) Spreads 

US4952687; 
1990-08-28 

J Bodor; G Page Lever Brothers Ltd (US) Fatty acid esters of sugars and sugar alcohols 

EP0319091; 1989-
06-07 

GJ van Lookeren Unilever NV (NL); Unilever PLC (GB) Method of purifying crude polyol fatty acid polyesters 
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 European Patent Office.  http://www.espacenet.com/ 
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The following paragraphs summarise a few of the more relevant patents and patent 
applications listed in Tables 44 and 45. 
 
8.5.1 Components which can function as fat replacers 
 
The medical problems (especially heart disease) which may result from a diet high in fats, 
particularly saturated fats, are well documented.  Consequently, the food industry has 
expended much effort in searching for alternatives to fats as food ingredients. 
 
US patent 4,510,166 (1985) discloses converted starches which have certain 
characteristics.  Some of these include certain paste and gel characteristics which are 
used as a fat and / or oil replacement in various foods, including ice cream and 
mayonnaise.  The converted starches are described as dextrins, acid-converted starches, 
enzyme-converted starches and oxidized starches.  It is also disclosed that if the 
converted starches are not rendered cold-water soluble by the conversion, they are 
pregelatinised prior to use or cooked during use.  A product bulletin entitled "Paselli SA2; 
The Natural Alternative to Fats and Oils".205  discloses the use of a hydrolysate made from 
potato starch as a replacement for 50% of the fat.   
 
US patent 4,971,723 (1990) discloses partially debranched starch prepared by enzymatic 

hydrolysis of the a-1,6-D-glucosidic bonds of the starch, comprising amylopectin, partially 
debranched amylopectin and up to 80% by weight, short chain amylose.  The resultant 
product is useful in a variety of ways depending upon the degree of debranching. 
 
US patent 5,225,219 (1993) discloses a process in which an aqueous slurry of a finely 

milled cereal is digested with an a-amylase enzyme.  The enzyme is then inactivated by 
heating under pressure, or by acidification.  The soluble fraction is separated from the 
insoluble residue by filtration or centrifugation.  A substantially pure amylodextrin 
composition is then extracted from the water-soluble fraction by precipitation using a 
water-miscible organic solvent. 
 
EP 0529894 (1993) is similar to US patent 5,378,491 (1995) and also relates to a method 
of preparing reduced fat foods using a fragmented, debranched amylopectin starch 
precipitate.  A debranched amylopectin starch is precipitated and then fragmented to form 
an aqueous dispersion that is useful in replacing fat in a variety of food formulations.  The 
debranched amylopectin starch can be derived from a starch which contains amylopectin, 
e.g. common maize starch and waxy maize starch, by gelatinising the starch followed by 
treatment with a debranching enzyme, e.g. isoamylase or pullulanase and precipitation of 
the debranched starch.  This invention relates to food formulations in which at least a 
portion of the fat and / or oil is replaced by a carbohydrate. 
 
US patent 5,378,491 (1995) describes a method for preparing reduced fat foods which 
uses a fragmented, granular amylose starch.  The fragmented, granular amylose starch 
hydrolysate is prepared by hydrolysing a granular amylose starch in a strongly acidic 

aqueous slurry at a temperature greater than 70 C̄ or by hydrolysis at a lower temperature 
followed by heating a slurry, after neutralisation, to raise the melting onset temperature.  
Also described are food formulations in which the fragmented, granular amylose starch 
hydrolysate is used to replace fat and aqueous dispersions of the fragmented, granular 
amylose starch hydrolysate. 
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US patent 5,912,031 (1999) relates to a process for the preparation of food ingredients by 
enzymatic digestion of the starch component in wheat flour.  Products made according to 
the process of the invention contain a high concentration of dextrins together with finely 
dispersed protein, and are useful as fat replacers in the food industry, for example in 
baked products (e.g. cakes), dairy products and meat products.  The products of such 
degradation, or "digestion", depend on many factors, including the identities of the starting 
material(s) and enzyme(s) used, and the temperature, pH and substrate concentration in 
the material to be digested.  This particular process comprises the following steps: (i) 
forming an aqueous slurry of ground cereal, the slurry having a dry solids content of 10 to 

50% (m/m); (ii) enzymatically digesting the slurry at 60-95 C̄ with an a-amylase enzyme 

capable of being deactivated by temperatures below 100 C̄, whereby the enzymatic 
digestion is effected without any significant protein degradation; and (iii) thermally 

deactivating the a-amylase enzyme.  The products of this process are useful as fat 
replacers in a wide variety of foods, including baked products, dairy products and meat 
products. 
 
US patent application 20030054501 (2003) and US patent 6,623,943 (2003) describes a 
process for preparing resistant starch from either GM maize, wheat and / or potatoes, 
which has application as a fat replacer.  This process involves the following steps: (i) a 
suspension is prepared from starch and water in a concentration range of about 5-50%, (ii) 
then gelatinised by heating and cooled, (iii) followed by a change in pH to about 3 to 7.5 
and the a solids content to about 5-50%, (iv) this is then heated again to a maximum of 

150 C̄ and finally (v) cooled gradually at a specific rate.  The process also includes an 
enzymatic step where the starch is enzymatically debranched followed by inactivation of 
the enzyme.  The resultant product is then dried.  
 
US patent application 20050089602 (2005) describes a process for the fractionation of 
valuable fractions from cereal brans (e.g. wheat, barley and oat brans, and rice polish).  To 
summarise this invention relates to methods, procedures and an industrial process for the 
wet-fractionation of cereal bran into two protein rich fractions, one of which contains the 
germ oils and related components, a fibre fraction, which also retains most of the aleurone 
proteins, and a sugar syrup fraction.  The protein fraction(s) can be used in food 
applications as a texturizer, emulsifier, fat binder and fat replacer.  The overall aim being to 
develop an efficient and cost effective industrial wet process to extract and yield germ-, 
endosperm- and aleurone-rich fractions, glucose, soluble hemicellulose, soluble 
oligosaccharides, insoluble fibre, and optionally oils from cereal bran. 
 
This invention (20050089602) describes a two step process, in which the said bran is first 
subjected to a combination of enzymatic treatment and wet milling, followed by sequential 
centrifugation and ultrafiltration, which aims at physically separating the main bran 
factions, i.e. insoluble phase (pericarp and aleurone layer), germ-rich fraction, residual 
endosperm fraction and soluble sugars.  A second step consists of fractionating cereal 
brans substantially free of soluble compounds, hence insoluble phase from the 
above-mentioned first step, by enzymatic treatment with xylanases and / or beta-
glucanase and wet milling, followed by sequential centrifugation and ultrafiltration, which 
aims at physically separating the main fractions, i.e. insoluble phase (remaining cell wall 
components), protein-rich fraction, soluble hemicellulose and oligosaccharide, and 
therefore maximizes the extraction rate of valuable cell wall components and aleurone 
cells from previously cleaned bran.   The process is carried out by avoiding chemical 
extraction procedures, and using preferably food grade and non-genetically modified 
xylanases and / or beta-glucanases in order to broaden the market opportunities for the 
end products.   

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&p=1&f=G&l=50&d=ptxt&S1=((('fat+replacer'.ACLM.)+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))&OS=ACLM/(%22fat+replacer%22)+AND+(maize+OR+corn)+AND+(production+OR+use+OR+application)&RS=((ACLM/%22fat+replacer%22+AND+(maize+OR+corn))+AND+((production+OR+use)+OR+application))
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During the degradation of the bran and bran components the pH never exceeds 7.5 as 
alkaline hydrolysis seems to have a detrimental effect on the fractionation and the end 
products.  The end products also contain no, or substantially no starch, starch derivates, or 
starch fragments due to the primary hydrolysis using a starch hydrolysing enzyme 
treatment.  Presently no commercial, enzyme-based methods, capable of extracting the 
above-mentioned fractions, exist for wet-fractionation of cereal bran. 
 
8.5.2 Applications for fat replacers 
 
Fats are prominent constituents of baked goods.  Liquid, unsaturated oils occasionally are 
used in baking.  However, the use of semi-solid and solid fats, generally saturated fats, in 
baking is most common, especially in industrial preparation.  Semi-solid and solid fats can 
be derived from natural sources.  Such fats can be isolated from animal sources (e.g., lard 
and milk fats) or from plants, such as palm and coconut.  It is well known, and was further 
stated by the Food and Drug Administration (FDA), that the intake of saturated fat is linked 
to high blood cholesterol, which in turn is linked to increased risk of coronary heart disease 
(CHD).206  It has been established that the cardiovascular risk of saturated fats is inversely 
correlated with the length of their fatty acids: lauric acid (C12)>palmitic acid 
(C14)>arachydic acid (C16)>stearic acid (C18). Plant-derived fats are rich in lauric acid 
and palmitic acids. 
 
US patents 3,962,465 (1976) and 3,986,890 (1976) discloses the use of thermoreversible 
gels of a starch hydrolysate (formed by enzymatic hydrolysis) as a substitute for fat in a 
variety of foods, including cake creams and fillings, mayonnaise and remoulades, cream 
cheeses and other cheese preparations, bread spreads, pastes, meat and sausage 
products, and whipped cream.   
 
US patent application 20030143312 (2003) relates to oil compositions including a baking 
adjuvant which can be used in the same way as conventional fats in baking to provide 
baked goods having improved volume, texture, and dietary value of baked goods.  In 
particular, the invention relates to cakes, muffins, breads, cookies, and the like, having 
improved volume and texture and an improved health profile.  Various oily substances can 
substitute oils; one such category is "fat replacers."  Fat replacers are classified by their 
chemical nature.  They include monoacylglycerols, diacylglycerols, and special 
triacylglycerols having specific combinations of short-, medium-, and long-chain fatty acids.  
Another class of fat replacers includes sucrose esters and related compounds.  Improving 
the fat-related health profile of baked goods, as well as improving the texture and 
increasing the volume of such products is generally desirable. Therefore, a need exists for 
new oil compositions for producing improved baked goods. 
 
Fat replacers must simulate a number of the properties of fat; however, they generally do 
not adequately simulate the flavour controlling properties of fat.  Hence, reduced fat or no 
fat foodstuff often tastes bad.  Attempts have been made to use conventional flavour 
carriers in conjunction with fat replacers in reduced fat and no fat foodstuff, but they have 
not been completely successful.  There is a need for enhancing the flavour of reduced fat 
and no fat foodstuff without detracting from the taste, appearance, smell and mouth feel of 
the foodstuff.   
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US patent application 20030190402 (2003) addresses this need and describes a method 
for preparing a reduced fat foodstuff or no fat foodstuff using cyclodextrin, either 
complexed with a flavour or uncompleted, to improve the flavour of the foodstuff.  The 
reduced fat foodstuff can also be made with a combined cyclodextrin and conventional fat 
replacer to provide an improved flavour.  The present invention is especially useful for 
making reduced fat salad dressings, cookies and frozen dairy products problem with 
reduced fat or no fat foodstuff is the loss of flavour associated with the loss of fat.  It has 
been found that the cyclodextrin can be added as either a complex with a flavour or as an 
uncomplexed component or as a combination of both complex and uncomplexed 
component to the reduced fat and no fat foodstuff to enhance the flavour of the foodstuff 
without having a deleterious effect on the reduced fat and no fat foodstuff.  This enhanced 
flavour has been especially noted in reduced fat and no fat salad dressings, cookies and 
frozen dairy products. 
 
 
9. Inositol 
 
Vitamins represent one of the largest categories in the nutritional additives sector.  They 
are generally added to food and drinks to replace those lost during processing, although 
they are being increasingly used to enrich or fortify products that are then sold on a health 
platform.  The developing functional foods category has led to greatly increased demand 
for vitamins and minerals.  In addition to their use in food, they are also widely used in food 
supplements.  There are 13 vitamins and they are generally considered in two key groups, 
i.e. water-soluble vitamins (Vitamin C, Vitamin B group: including thiamin, riboflavin, niacin, 
pyridoxine, cyanocobalamin, folic acid, pantothenic acid, and biotin) and fat-soluble 
vitamins (Vitamin A, Vitamin D, Vitamin E, Vitamin K).207 
 
9.1 Background 
 
Myo-inositol, the major nutritionally active form of inositol, is vital to many biological 
processes of the body, participating in a diverse range of activities, and is one of nine 
distinct isomers of inositol.  It is essential for the growth of rodents, but not for most 
animals, including humans.  Humans can make myo-inositol endogenously, which they do 
from glucose, and, even though it is sometimes referred to as a vitamin, it is not a vitamin 
for humans or most animals.  The dietary intake of myo-inositol can influence the levels of 
circulating and bound myo-inositol in the body and may influence certain biological 
activities.  Nutritional supplementation of this cyclitol may affect behavior and may have 
anti-depressant and anti-anxiety activities.  
 
Myo-inositol (also known as inositol, muscle sugar, hexahydroxycyclohexane 
cyclohexanehexol, mouse antialopecia factor and, chemically, as cis-1,2,3,5-trans-4,6-
cyclohexanehexol) is an important growth factor considered by some as part of the 
B vitamin group.208  It is found in plants both in the free form (in soya and sugar cane for 
instance) and also as a hexaphosphate, phytin, (in maize for instance) and also as a 
phosphatidyl derivative, which is a component of vegetable lecithins.  The main 
applications of myo-inositol are in aquaculture, pet food, animal feed and in the developing 
markets in health (anti-aging preparations) and nutrition.  Another naturally occurring 
isomer of inositol, D-chiro-inositol, has been found to have activity against insulin 
resistance.   
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However, at present, D-chiro-inositol is neither available as a nutritional supplement nor as 
a drug.  A hexanicotinate conjugate of myo-inositol, inositol niacinate or inositol nicotinate, 
is available in Europe as a drug for the treatment of circulatory problems. 
 
Inositol-based clinical studies have shown that doses of this chemical can positively affects 
those suffering from psychiatric disorders conditions such as depression (monopolar and 
bipolar), panic disorder, obsessive-compulsive disorder.  Myo-inositol has not 
demonstrated the same promise in Alzheimer's disease, autism, schizophrenia and 
electroconvulsive therapy-induced memory impairment.  Myo-inositol is also being 
investigated for possible use in pediatric respiratory depression syndrome and for 
prevention of neural tube defects209. 
 
Wet maize milling generates large volumes of maize steep water, which is composed of 
kernel extractives, microbes (principally lactobacilli), numerous products of fermentation 
processes, and dissolved SO2. In order to understand better the process of steeping and 
the potential uses of maize steep water, its composition was analysed and compared at 
various times during the steeping from four different industrial processes.  Of particular 
interest were the analyses of maize steep water for carbohydrates, amino acids, 
polypeptides, fatty acids and other organic compounds, hydrolytic enzymes, heavy metals 
and inorganic ions.  Researchers have investigated the presence of myo-inositol 
phosphates in maize steep water210,211 
 
The principal myo-inositol derivative is the hexakisphosphate (IP6), which is accompanied 
by several isomers of IP3, IP4 and IP5.  Analysis of the steepwater at the early, middle 
and later stages of maize steeping gave evidence that the lower phosphates are the result 
of enzymatic and auto-hydrolysis of the IP6, all species increasing as the steeping 
progresses.  Calcium precipitation of the myo-inositol phosphates from the steepwater 
results in the isolation of IP5 and IP6212. 
 
9.2 Market size213 
 
Value data on the international vitamins market (food and non-food use) varies 
considerably according to source.  Constant price changes in the market also make value 
assessment of the sector particularly complex.  Table 46 provide an indication of estimated 
vitamin sales between 2000 and 2010. 
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Table 46: Annual sales214 for the years 2000 through 2010 in US$ milliona  
 

 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Vitamins 1108 1157 1213 1278 1353 1435 1526 1626 1733 1852 1977 

 
 
The market value has declined in recent years after hefty price cuts across the world, 
largely prompted by the arrival of cheaper Chinese-produced vitamins on the market, and 
the break-up of alleged cartels in various sectors (most notably vitamin C, where most of 
the major producers were fined heavily for price fixing).  It was estimated that, in the 
second half of the 1990s, prices dropped around 25 to 50%.  With prices still falling in 
some sectors, Leatherhead Food RA estimates that, by 2001, total sales had fallen to 
around US$2 billion, dropping 5% a year from 1999.  These figures refer to total use of 
vitamins worldwide, including significant quantities in animal feed and in food supplements.  
Use of vitamins as an additive in food and drinks was estimated to represent around 20% 
of the global market by value in 2001, compared with animal feed on 40%, supplements on 
36%, and health and beauty care on 4% (Table 47).  This puts food use at around 
US$400 million (approximately 45 000 tonnes) in 2001, down from around US$500 million 
in 1999. 
 
Table 47: World vitamins market by end-use industry (2000) 
 

 Value (US$ x million) % Share 

Food and drinks 400 20 

Animal feed 800 40 

Supplements 720 36 

Health and beauty care 80 4 

Total 2000 100 

 
 
Total volume sales of vitamins (including water- and fat-soluble) amounted to 
approximately 200 000 tonnes in 2000, with annual growth reported to be around 3% per 
annum.  BASF, one of the international market leaders, puts total sales at an estimated 
US$2.24 billion worldwide in 1999, of which the water-soluble vitamins (vitamin C and the 
B group) accounted for US$1.03 billion, or 46% of the total, and the fat-soluble vitamins for 
US$1.21 billion, or 54%.  Volume sales of water-soluble vitamins were estimated at 
25 000 tonnes, with vitamin C representing 64% of sales, and niacin (the most important of 
the B vitamins) 20%.  Of the other B vitamins, pantothenic acid represented 7% of sales, 
vitamin B2 4%, vitamin B1 3%, and vitamins B6 2%, with folic acid, biotin and vitamin B12 
all accounting for under 1 % of water-soluble vitamin sales. 
 
It was estimated that, in volume terms, approximately a fifth of all vitamins are used in the 
food and beverage industries each year.  This equates to a volume of around 
45 000 tonnes in 2001 (including water- and fat-soluble), up from 35 000 tonnes in 1998.  
Food use of vitamins is showing faster growth than the overall market, thanks to the trend 
towards functional and fortified foods, and is currently reported to be increasing at 4 to 5% 
per annum.  Vitamin C dominates the market, with sales at 33 000 tonnes for food use in 
2001, while the B vitamins accounted for 10 000 tonnes (Table 48). 
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Table 48: World vitamins market for food and drink use by type (2001) 
 

 1998 2001 % Share 

Vitamin C 25 000 33 000 73 

B vitamins 9 000 10 000 22 

Vitamin E <1 000 1 000 2 

Vitamins A,D,K <1 000 1 000 2 

Total 35 000 45 000 100
a 

a 
total does not equal 100 due to rounding

 

 
 
One factor that must be noted in assessing the vitamins market is the growing importance 
of premixes.  Single vitamins are becoming less widely used as most of the major vitamin 
suppliers now offer premixes to make life easier for users.  This makes analysis of the 
vitamins market still more complex. 
 
Following the major price cuts experienced in the vitamins market in recent years and the 
consequent decline in market value, the sector is expected to stabilise within the next 5 to 
10 years, prompting renewed value growth towards the end of the decade. 
 
In light of the unstable pricing, however, it is more useful to assess volume development 
over the next 5 years.  Forecasts suggest that the total market (all applications) will 
increase at a rate of around 3% per annum to 2005, although food and beverage use is 
expected to outstrip growth in other sectors, at around 4 to 5% per annum.  This would put 
volume sales at 55 000 tonnes in 2005, and, assuming more stability in market pricing, the 
value could recover to around US$480 million (Table 49). 
 
Table 49: World vitamins market (food and beverage) by volume and value 

(1998-2005) 
 
 Volume (tonnes) % Change per annum 

1998 2001
a 

2005
a 

1998-2001 2001-2005 

Vitamin C 25 000 33 000 40 000 +9.7 +4.9 

B vitamins 9 000 10 000 12 000 +3.6 +4.7 

Vitamin E <1 000 1 000 1 500 Na +107 

Vitamins A,D,K <1 000 1 000 1 500 na +10.7 

Total vitamins 35 000 45 000 55 000 +8.7 +5.1 

 Value (US dollar x million) 

Total vitamins 620 400 480 -13.6 +4.7 
a estimate 
 
 
The different vitamin types are likely to experience varying fortunes, with growth in the 
B group expected to outpace that of vitamin C.   
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9.3 Future trends215 
 
Issues impacting on future development of the international vitamins market are assessed 
below: 
 

¶ Prices set to stabilise as the intense competition and heavy supply situation begins 
to ease.  Following the arrival of many Chinese suppliers into the industry and the 
increased supply on the world market, prices suffered considerably.  The situation 
seems to be improving and prices could well have bottomed, prompting a slightly 
more positive attitude to future value growth 

 
¶ Increased demand for premixes.  Premixed vitamins represent one of the fastest 

growing sectors of the market, offering manufacturers a simpler product to fulfil all 
their vitamin requirements.  This is particularly important to the animal feed industry 
and to the multivitamin supplements sector, but could well find increased use in the 
food and drinks industry.  Products such as ACE beverages, for example, which 
combine all of the antioxidant vitamins, could represent important markets for 
premixes.  It is reported that growth of premixes in the feed sector is around 8-10% 
per annum, with food use said to be rising at an even faster rate. 

 
¶ Greater demand for vitamins aimed at specific health issues.  While functional foods 

as a whole are increasing throughout the world, there is expected to be greater 
demand for products aimed at specific health issues.  With this is mind, premixes 
aimed at specific problems should see increased demand.  For example, if 
manufacturers want to produce a heart health product, they will be looking for a 
combination of antioxidant vitamins and could be in the market for a CE or ACE 
premix. 

 
¶ Strongest potential in less developed Asian, South American and Eastern European 

markets.  Strongest growth is set to come in the less developed Asian, South 
American and Eastern European markets, with increased use of vitamins expected 
in both the food and dietary supplements sectors. 

 
9.4 Industry structure216 
 
9.4.1 Vitamins in general 
 
As indicated previously, vitamins are used in four application sectors: food, feed, 
supplements and increasingly in cosmetics.  However, industry key players have shifted.  
The most significant of these changes is the divestment of Roche to DSM, the acquisition 
of Takeda by BASF, and the market entries of various Chinese producers217.  
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During 2000 to 2003 the following major developments took place in this industry:218 
 

¶ The traditional markets for vitamins, the compound feed sectors in Europe and in the 
US, came in the late 1990s to a point of saturation and did not recover until now.  
However in Asia, and mainly in China, the feed market is booming and opens a new 
area of application for most of the vitamins.  

¶ In food, and also partly in the supplement area, some vitamins still enjoy a high 
growth rate.  This is mainly due to the popularity of new food concepts, one of which 
is the ACE concept, mainly applied to beverages.  Also, sports nutrition especially 
helps the B-group vitamins see some further volume growth.  

¶ Due to the market entry of Chinese companies and the resulting fierce competition 
with established producers, prices for most vitamins decreased to a level, not seen 
before.  Despite some volume growth in the past years, the market value decreased 
for most, but not for all vitamins.  

¶ The price development triggered a re-arrangement of the vitamin industry.  Several 
Western and traditional companies were driven out of the business, and other ones, 
mostly Chinese replaced them.  However the most important change in recent time 
was that, the Roche Group, in the past being the dominant player in vitamins sold its 
business to DSM, a Dutch chemical company with only little experience in vitamins.  

 
The consequence of such developments was that marketing and product concepts, which 
worked in the past, were not valid any more.  The typical values of vitamin producers, such 
as customer focus and service, and production of value added products, are no longer in 
place, and all vitamin companies struggle for survival.  It is now only costs of production 
and low price offers which dominate the business.  Margins became so small, that profits 
typically are only sufficient to cover production costs and overheads.  Research and 
Development (R&D), which was very intensive in the past, is now reduced to a minimum, 
and if R&D is carried out, it is mainly focusing on streamlining production and on cutting 
costs.  The vitamins industry has also been in the news in recent years as the major 
producers faced lawsuits about anti-competitive price fixing, first in the US, and later in the 
EU.  The controversy prompted speculation that the face of the vitamins industry might 
change considerably, with rumours that either Roche or BASF would consider exiting the 
market, and in fact Roche has done exactly that.  
 
Major manufacturers of vitamins include:219 

¶ Archer Daniels Midland Co. (USA) 

¶ Basf/Takeda (Europe) 

¶ Boehringer Ingelheim Consumer Health Care (Europe) 

¶ China Pharmaceutical Enterprise (China)  

¶ Daiichi Pharmaceuticals (Japan)  

¶ Degussa (Europe) 

¶ Kuraray Co. (Japan)  

¶ Lonza Group (Europe) 

¶ Mitsui Chemicals Co. (Japan)  

¶ Roche Vitamins (Europe) 
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Major manufacturers of vitamin and mineral supplements include:220  

¶ Bayer Corp. 

¶ GNC Corp. (formerly General Nutrition Companies, Inc.) 

¶ GlaxoSmithKline Pharmaceuticals 

¶ Leiner Health Products Inc. 

¶ NBTY, Inc. (includes Rexall Sundown Inc.) 

¶ Perrigo Co. 

¶ Pharmavite LLC (Otsuka Pharmaceutical Group) 

¶ Twinlab Corp. 

¶ Weider Nutrition International, Inc. 

¶ Wyeth (formerly American Home Products Corp.) 
 
The vitamins industry is led by specialist vitamin groups, as well as chemical and 
pharmaceutical companies.  Vitamins are still produced mostly by chemical synthesis, and 
the potential to cut costs are limited.  Only the production system for vitamin B2 changed, 
from chemical synthesis to fermentation.  Fermentation might in future become more 
important than it was in the past years, because it offers a higher potential for low cost 
production, under the condition that the right strain is selected and efficiently trained.  
However, most vitamin producers do not have profound experience in fermentation and 
that might be the key intervention area for DSM, which, through the previous acquisition of 
Gist brocades, has a very thorough knowledge on the fermentative production of fine 
chemicals.221.  2001 data gave Roche as the leader in this market with approximately a 
40% share, ahead of German firm BASF with around 30%, and French company Adisseo 
with 12% (Table 50).  It is high likely that DSM have now assumed the leading position 
with their acquisition of the Roche Vitamins business. 
 
The former Aventis Animal Nutrition business was recently acquired by CVC Capital 
Partners from Aventis (itself only formed in 1999 following the merger of Rhone-Poulenc 
and Hoechst).  As suggested by its former name, the company focuses on vitamins for the 
animal feed industry.  Meanwhile, BASF has increased its share of the market 
considerably through the 2000 acquisition of the vitamins operations of Japanese 
company Takeda, a move that has left the market with two dominant players.  Other major 
names in the international vitamins industry include Japanese companies Oaiichi and 
Eisai, and Swiss company Lonza. 
 
Table 50: World vitamin market shares (2000) 
 

 % Value 

Roche Vitamins 40 

BASF Health and Nutrition 30 

Adisseo
a 

12 

Others 18 

Total 100 
a the new name for former Aventis Animal Nutrition business, itself formerly Rhône-Poulenc 
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(a) Roche Vitamins (now part of DSM) 
 
Although Roche has since divested its vitamin interests, the following information 
regarding their production facilities, before divestment, is available.  Roche Vitaminsô total 
sales were CHF3.54 billion (US$2.1 billion) in 2001.  It was headquartered in Kaiseraugst 
in Switzerland and operated eleven production sites in seven countries, of which nine were 
and presumably still are involved in vitamin production (the other two being citric acid 
plants at Tienen, Belgium, and Wuxi, China). 
 
Vitamin C was produced at plants in Belvidere (NJ) in the US, Dairy in Scotland, and 
Grenzach in Germany, while vitamin E plants operated in Nutley (NJ) in the US, and 
Sisseln in Switzerland (a 25 000 tonne plant opened in 2000).  Vitamin A was produced in 
Shanghai in China, Sisseln in Switzerland, and Freeport (TX) in the US, while a plant at 
Basel in Switzerland produced vitamins D and K.  Various B vitamins were produced at 
five plants - in Scotland (Dairy), France (Village-Neuf), Germany (Grenzach), Switzerland 
(Sisseln), and China (Shanghai).  The first three of these also produced a range of vitamin 
premixes for foods, while the company also operated a large number of premix plants 
throughout the world. 
 
While Roche did produce a wide range of vitamins for food applications as well for 
supplements and feed, BASF's activities were are still are mainly focused on feed and 
supplements applications.  The vitamins interests represents only a small part of this 
global chemical giant's business, but the addition of the Takeda operations reflected the 
company's interest in building its position in this market and enhanced its activities in areas 
where its business was formerly lacking.  The Takeda business produces vitamin C and 
various B vitamins, with BASF's operation also covering vitamin A, beta-carotene, and 
vitamin E.  The company operates plants at Wilmington (NC) in the US, Ballerup in 
Denmark, Ludwigshafen in Germany, Sao Paulo in Brazil, and Shenyang in China (as a 
joint venture with local company North East General Pharmaceutical). 
 
(b) BASF 
 
Recent corporate activity at BASF has reinforced the company's commitment to the 
vitamins sector.  The company is reported to be considering the purchase of Merck's share 
in the joint venture that the two companies operate with Cerestar, while, following the 
purchase of the Takeda operations, the firm announced that it was investing ú600 million 
(US$540 million) over the next 5 years to expand capacities and build on its vitamin 
activities.  Overall, BASF had vitamin sales of US$500 million in 1999, which, when 
combined with Takeda's annual sales, increased to US$740 million.  BASF has recently 
established a joint venture with American company Fortitech, which specialises in the sale 
of nutrition systems and blends of functional ingredients.  Through the new alliance, 
Fortitech will produce premixes of BASF vitamins. 
 
(c) Adisseo (formerly Aventis Animal Nutrition) 
 
Like BASF, Adisseo's business is focused outside the human nutrition sector, with the 
company's products being aimed at the animal feed industry.  The company, formerly 
known as Aventis Animal Nutrition, was renamed in 2001 after being acquired by CVC 
Capital Partners from the Aventis group.  There have been suggestions that the vitamins 
business may be divested to concentrate on other areas of animal nutrition. 
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9.4.2 Inositol 
 
Limited producers of inositol were found.  The only company to produce inositol based 
products was ADM and these were lecithin / soy based products.  Roche vitamins, the 
world's leading supplier of vitamins and carotenoids has annual sales of SF3.5 billion 
(ú2.4 billion).  However, they have sold their Vitamin division to DSM, now called DSM 
Nutritional Products.222.  In China, a company called Zhucheng Xingmao Inositol Factory223 
claim to be the leading manufacturer of inositol in china.  Their output is 1 200 metric 
tonnes per year. 
 
Other companies involved in some way or another with inositol are Regent Pharmaceutical 
and Powerchem Limited Partntership.  Regent Pharmaceutical224 is a nutritional and 
pharmaceutical producer in the US (headquartered in Tampa, Florida); products include 
active pharmaceutical ingredients, beauty products and others.  Powerchem Limited 
Partntership225 are a maize starch producer, and export products such as maize starch, 
inositol, liquid glucose, dextrose, maltodextrin, refined maize oil, maize gluten meal/feed 
etc.   
 
Due to inositol increasing application in anti-aging preparation the leading companies in 
anti-aging products arelisted below226: 

¶ Alberto Culver 

¶ Avon 

¶ Beiersdorf 

¶ CCA Industries 

¶ Chanel SA 

¶ Christian Dior 

¶ Clarins 

¶ Elizabeth Arden Inc. 

¶ Ella Bache 

¶ Estee Lauder 

¶ Clinique 

¶ GlaxoSmithKline 

¶ Henkel KGaA 

¶ Jan Marini International 

¶ Johnson & Johnson 

¶ Lamas Beauty International 

¶ La Prairie, LôOr®al SA 

¶ Mary Kay 

¶ NeoStrata Company, Inc. 

¶ Orlane 

¶ Pfizer 

¶ Pharmaton 

¶ Procter & Gamble 

¶ Revlon 

¶ Robanda International 

                                                 
222

 http://www.nutraingredients.com/news/news-ng.asp?n=36144-roche-sells-vitamins 
223

 http://www.alibaba.com/company/10072379.html 
224

 http://www.alibaba.com/company/10197344.html 
225

 http://www.alibaba.com/company/10374375.html 
226

 Global Industry Analysts market report on Anti-aging Products; May 2004 

http://www.nutraingredients.com/news/news-ng.asp?n=36144-roche-sells-vitamins
http://www.alibaba.com/company/10072379.html
http://www.alibaba.com/company/10197344.html
http://www.alibaba.com/company/10374375.html
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¶ Shiseido 

¶ Unilever 

¶ Valeant Pharmaceuticals International 

¶ Woodridge Labs 
 
Apparently there are approximately 1 090 companies involved in this market sector, 
although those listed above are considered to be the key and niche players. 
 
9.5 Patents on inositol and related derivatives 
 
Table 51 and 52 list some examples of patents relating to inositol.  This is by no means a 
complete list but does provide an indication of the various technologies used by 
researchers / applicants and the associated companies. 
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Table 51:  USPTO sourced patents227  
 

Document 
number 

Inventor(s)/ Assignee: Date Title 

Patent applications 

20040071820 HJ van Walsem; M Saska 15/04/2004 Modified corn steep liquor product  

20040058421 HJ van Walsem; M Saska 25/03/2004 Method of preparing a modified corn steep liqour product  

20020173494 J-M Lehn; YC Nicolau; SP Vincent 21/11/2002 Ammonium salts of inositol hexaphosphate, and uses thereof  

20020169311 
H Paananen; J Kuisma; V Ravanko; N Mayra; 
H Heikkila; J Lewandowski / Finnfeeds 

14/11/2002 Method for recovering products from process solutions 

20020032177 
G Allan; CV Mobbs / Insmed Pharmaceuticals, 
Inc. 

14/03/2002 
Use of D-chiro-inositol in the treatment of conditions associated with hypothalamic 
gene expression  

20020023877 
LL Johnson ; MC Sleevi; AS Campbell; R 
Plourde; P Leonard; P Miller 

28/02/2002 
Methods for the production of D-chiro-inositol and the use of D-chiro-inositol 
obtained therefrom  

20010044560 R Plourde; MC Sleevi; RK Longo 22/11/2001 
Methods for the production and isolation of D-chiro-inositol from kasugamycin and 
the use of D-chiro-inositol obtained therefrom  

Granted patents 

6,660,891 
LL Johnson; MC Sleevi; AS Campbell; R 
Plourde; P Leonard; P Miller / Insmed Inc. 

09/12/2003 
Methods for the production of D-chiro-inositol and the use of D-chiro inositol 
obtained therefrom  

6,610,702 
J-M Lehn; YC Nicolau; SP Vincent / GMP 
Oxycell, Inc. 

26/08/2003 Ammonium salts of inositol hexaphosphate, and uses thereof  

6,492,339 M Sleevi; G Allan / Insmed, Inc. 10/12/2002 
Compositions comprising D-chiro inositol and sulfonylureas and methods of 
treatment thereof  

6,486,127 R Gunn; G Allan / Insmed, Inc. 26/11/2002 
Compositions comprising D-chiro inositol and lipid lowering compounds and 
methods of treatment thereof  

6,342,645 
R Plourde; MC Sleevi; RK Longo / Insmed 
Pharmaceuticals, Inc. 

29/01/2002 
Methods for the production and isolation of D-chiro-inositol from kasugamycin and 
the use of D-chiro-inositol obtained therefrom  

5,763,392 BC Hansen; HL Greene; HK Ortmeyer 09/06/1998 Treatment of diabetes by administration of myo-inositol  

5,618,708 M Shirai; T Yonehara / Toray Industries, Inc. 08/04/1997 Process for production of inositol and microorganism used therefor  

5,599,701 SA Henry; MJ White / Univ. Carnegie Mellon 04/02/1997 Inositol-excreting yeast 

5,574,180 
D McQuigg; C Marston; G Fitzpatrick; E Crowe; 
S Vorhies; R Murugan; TD Bailey / Reilly 
Industries, Inc. 

12/11/1996 Process for recovering phytic acid, lactic acid or inositol  

5,529,912 P Agrawal / Cerechem Corp. 22/03/1994 Microbial method of producing inositol 

5,296,364 P Agrawal / Cerechem Corp. 22/03/1994 Microbial method of producing inositol  

5,096,594 I Rabinowitz 17/03/1992 Chromatographic method of purifying cyclitols 

                                                 
227

 US Patent Office.  http://www.uspto.gov/patft/index.html 

http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=2&f=G&l=50&d=PG01&p=1&S1=%28myo-inositol.AB.+AND+%28corn+OR+maize%29%29&OS=abst/myo-inositol+AND+(corn+OR+maize)&RS=(ABST/myo-inositol+AND+(corn+OR+maize))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=2&f=G&l=50&d=PG01&p=1&S1=%28myo-inositol.AB.+AND+%28corn+OR+maize%29%29&OS=abst/myo-inositol+AND+(corn+OR+maize)&RS=(ABST/myo-inositol+AND+(corn+OR+maize))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=3&f=G&l=50&d=PG01&p=1&S1=%28myo-inositol.AB.+AND+%28corn+OR+maize%29%29&OS=abst/myo-inositol+AND+(corn+OR+maize)&RS=(ABST/myo-inositol+AND+(corn+OR+maize))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=3&f=G&l=50&d=PG01&p=1&S1=%28myo-inositol.AB.+AND+%28corn+OR+maize%29%29&OS=abst/myo-inositol+AND+(corn+OR+maize)&RS=(ABST/myo-inositol+AND+(corn+OR+maize))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=8&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=8&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=9&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=9&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=9&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=10&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=10&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=10&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=11&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=11&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://appft1.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=%2Fnetahtml%2FPTO%2Fsearch-adv.html&r=11&f=G&l=50&d=PG01&p=1&S1=%28%28inositol+OR+myo-inositol%29.TTL.+AND+%28maize+OR+corn%29%29&OS=ttl/(inositol+OR+myo-inositol)+AND+(maize+OR+corn)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(maize+OR+corn))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=2&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=3&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=4&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=4&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=4&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=5&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=5&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=5&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=7&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=7&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=7&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=10&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=10&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=11&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=11&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=12&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=12&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=13&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=13&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
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5,053,399 AP Kozikowski / University of Pittsburgh 01/10/1991 Myo-inositol analogs and methods for their use  

5,023,248 M Siren / Perstorp AB 11/06/1991 Method of treating diabetes with inositol triphosphate  

5,019,566 M Siren / Perstorp AB 28/05/1991 Method of treating inflammation with inositol triphosphate  

5,015,634 M Siren / Perstorp AB 14/05/1991 Method of treating tissue damage with inositol triphosphate  

4,668,813 
H Ogawa; T Kanno / Showa Sangyo Co., Ltd.; 
Shikishima Starch Manufacturing Co., Ltd. 

26/05/1987 Method for obtaining phytin 

4,515,722 
SS Yang; TR Beattie; PL Durette; TF 
Gallagher; T-Y Shen / Merck & Co., Inc. 

07/05/1985 Phosphatidyl inositol analogs useful as anti-inflammatory/analgesic agents  

4,482,761 CC Chao; JD Sherman /Union Carbide Corp. 13/11/1984 
Bulk separation of inositol and sorbitol by selective adsorption on zeolitic 
molecular sieves  

 
 
Table 52: EPO sourced patents, excluding US patents228 
 

Publication info Inventor Applicant Title 

JP2000236890; 2000-09-05 H Kikuchi; M Tamura Nippon Beet Sugar MFG Production of inositol 

JP10075795; 1998-03-24 Ishii; Doi; Tanaka; Sakamoto; Arai Oji Corn Starch Ltd Production of inositol 

EP0506289; 1992-09-30 SA Henry; MJ White Univ. Carnegie Mellon Inositol-excreting yeast 
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 European Patent Office.  http://www.espacenet.com/ 

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=16&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=16&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=17&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=17&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=18&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=18&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=19&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&u=/netahtml/search-adv.htm&r=19&f=G&l=50&d=PTXT&p=1&p=1&S1=((inositol+OR+myo-inositol).TTL.+AND+(corn+OR+maize))&OS=ttl/(inositol+OR+myo-inositol)+AND+(corn+OR+maize)&RS=(TTL/(inositol+OR+myo-inositol)+AND+(corn+OR+maize))





































































































