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Summary
EU Regulation 2092/91/EC on organic production of agricultural products and indications referring
thereto on agricultural products and foodstuffs prohibits the use of genetically modified organisms and
their derivatives in organic production. This restriction has been retained in the new Regulation
(834/2007/EG) that will go into effect on 1 January 2009.
The exclusion also pertains to additives and processing aids that are produced with the help of modified
micro-organisms (GMMOs). However, these additives and processing aids are exempted from the legal
labelling requirement for genetically modified foods and feed. The organic sector is thus dependent on
information that must be supplied voluntarily by manufacturers and suppliers. Various ‘conventional’
directives and regulations also apply to GMOs, additives and processing aids, which sometimes makes it
unclear what is or is not permissible.
In practice, it has proven to be difficult for organic manufacturers to obtain GMO-free declarations for
additives and processing aids. Moreover, those declarations that are made do not always provide a
guarantee that the product in question was actually produced without the use of GMOs.
This exploratory study attempts to provide as clear an overview as possible of:
1. additives and processing aids that may have been produced with the help of GMOs;
2. additives and processing aids for which it is, or may soon become, difficult to find non-GMO
alternatives;
3. solutions that can contribute to improved transparency and availability.
Transparency and reliability of GMO-free declarations
Creating an overview as set out above proved to be no easy task. A few databases have been developed to
give insight into the supply of GMO and non-GMO ingredients, additives and processing aids. However,
the information provided in these databases is either too general (TransGen) or very incomplete
(InfoXGen). Compiling such a database is indeed difficult, because the content is restricted to the
information manufacturers are willing to provide, and transparency is sorely lacking among many
producers and suppliers. A few manufacturers do publish a list of all their commercial products made
with the help of GMOs, but most do not make this kind of information available to the public. In such
cases, the buyer is dependent on the willingness of the supplier to provide a non-GMO declaration.
However, these non-GMO declarations have often proven to be unreliable. Compilation of definitive
overviews of GMO and non-GMO products is also hampered by the fact that many products are
compounds (of various enzymes for example).
Nowadays many vitamins, amino acids, flavourings and enzymes can in principle be made with the help
of GMOs. It is not always clear in practice whether this option is being used, but various large
manufacturers of these additives and processing aids, such as DSM-Roche, Novozymes, GenencorDanisco, BASF and Adisseo, are definitely applying GMO production processes on a commercial scale.
A large part of this production takes place in China.
Due to the lack of transparency, only a fragmented picture can be sketched of GMO and non-GMO
additives and processing aids at product level. For this reason, it is not always possible to establish with
certainty whether a problematic situation has developed for the organic sector.

GMO-FREE ADDITIVES AND PROCESSING AIDS FOR ORGANIC FOOD AND FEED PRODUCTION

2
Some identified obstacles
Nevertheless, in a few cases it is clear that the organic sector faces serious obstacles. These involve the
following products:
• Vitamin E (E306) or Tocopherol, which is extracted from soy oil. Tocopherol is an approved additive
for (organic) animal feeds and diet food. ADM, an important producer of tocopherol, refuses to work
with GMO-free declarations.
• Vitamin B2 for use in animal feeds. Vitamin B2 is primarily produced by DSM, BASF and a few
Chinese manufacturers, who make use of a fermentation process based on GMOs. A few small
companies supply vitamin B2 with a non-GMO declaration.
• The situation is unclear with respect to amino acids that are allowed to be used in special foodstuffs.
• Only GMO variants are available of a few enzymes used in food manufacturing, such as chymosin
and asparagin. However, these enzymes are either not essential or they can still be replaced with
available alternatives. In place of chymosin, for example, a manufacturer can still use the classic
lebferment or conventional microbial renets.
• Only a GMO variant is currently available of the enzyme phytase, which improves the availability of
phosphorus in animal feeds for non-ruminants. A non-GMO variant exists, but it is a blend of various
enzymes and is currently blocked by EU regulations. As an alternative, feed companies are still
adding phosphorus to poultry and pig feeds.
Considering current developments in global GMO soybean cultivation, it is not unthinkable that
availability of non-GMO lecithin will be become problematic in the (near) future. Lecithin is only added
in small dosages as an emulsifier to products, but a relatively large amount of soy (oil) is needed to
produce a small amount of lecithin. In February 2008, there was only one producer of certified organic
lecithin in the world, and that company could barely satisfy demand.
Possible solutions
The noted obstacles could potentially be overcome through implementation of the following
improvements (among others ways):
1. Use of a specialised questionnaire in issuing non-GMO declarations for additives and processing aids
(fermentation products). This would provide more concrete information for the monitoring
authorities.
2. Organic certification of premixes and semi-processed products. This would decrease the
administrative burden for buyers and concentrate the monitoring activities at one point in the chain.
3. Organic production and certification of additives, such as lecithin. Further research would first be
needed to determine the economic and practical feasibility of these steps.
4. Increased efforts to find alternative sources for additives, such as yeasts and yeast extracts, that can
serve as sources of B-vitamins.
5. Alignment of the requirements for the use of the ‘GMO-free’ declaration on end products and the
regulations for organic production. This would lead to a greater potential market for non-GMO
components.
6. Adapted authorisation requirements for complex, natural enzyme blends.
7. A detailed database with non-GMO products and their suppliers.
8. There are two possible way to approach the use of processing aids or additives for which no nonGMO variants are available: 1) They can be prohibited and thus removed from the list in Annexes VI
and VIII of Regulation 834/2007/EC, or 2) article 21, paragraph 2, sub-paragraph g of Regulation
834/2007/EC can be applied and temporary exemptions be granted by the European Commission.
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1.

Introduction

Based on the EU Regulation on organic production and labelling of organic products (2092/91/EC,
article 5, paragraph 3) the use of genetically modified organisms (GMOs) and products produced from
or by GMOs is considered incompatible with the concept of organic production and consumers'
perception of organic products1. This exclusion applies to whole (and parts of) genetically modified
organisms (GMOs), products derived from them (oil, starch or proteins), as well as ingredients
produced with the help of GMOs. The latter case applies in current practice to the use of genetically
modified micro-organisms in the production (fermentation) of processing aids (enzymes) and additives
(vitamins and amino acids) for foods and feed.
The exclusion of GMOs and products produced from or by them is also incorporated in the new
Regulation on organic production and labelling of organic products, which was adopted on 20 June
2007 by the European Council of Agriculture Ministers. This regulation (834/2007/EC) will replace
Regulation 2092/91, and will go into effect on 1 January 2009. This study is based on the situation as
projected for 1 January 2009.

1.1. Problem definition
In 2004 the European Commission chose an interpretation of EU Regulation 1829/2003/EC on
genetically modified food and feed that excludes fermentation products from the group of products
covered by the regulation. This means that the majority of enzymes and a growing number of additives
originating from GMOs need not be labelled as such.
To maintain its non-GMO status, the organic sector requests GMO-free2 declarations from suppliers in
the chain. When it comes to additives and processing aids, however, suppliers are not always willing
to provide such declarations. This is partly because suppliers are not fully aware of the content and
purpose of a GMO-free declaration. Manufacturers also believe that such a declaration is not in line
with conventional feed regulations. After all, GMO-free implies a guarantee that no trace of GMOs is
present; and such a 0% guarantee cannot be given because of the possibility of (unintentional or
unavoidable) contamination at various stages in the chain. Moreover, information is often difficult to
obtain, because many processing aids are supplied in mixes whose exact composition is a company
secret.
At the moment the suppliers of conventional feed components are not always prepared to provide nonGMO declarations because it is unclear how the legal requirements for such declarations should be
interpreted, and some interpretation may even contradict other requirements in feed legislation. The
Netherlands’ government has urged the sector to overcome this obstacle itself.
1

"Produced from GMOs" means derived in whole or in part from GMOs but not containing or consisting of
GMOs. "Produced by GMOs" means derived by using a GMO as the last living organism in the production
process, but not containing or consisting of GMOs nor produced from GMOs.!
2

The terms ‘non-GMO’ and ‘GMO-free’ are used interchangeably in this report. The term ‘GMO-free’ suggests
that products are completely free of GMOs. In practice, however, it is difficult to guarantee that all ingredients
and products do not contain any trace of GMOs (100% GMO-free). The GMO-free designation is therefore not
permitted in several member states of the EU. The organic sector uses the term GMO-free or ‘genetech-free’ to
indicate that no use has been made of GMOs or products derived from them. This report uses the term non-GMO
to emphasise the origin of specific additives and processing aids.
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Development of an effective strategy requires in any case clarity on the exact nature and location of
the obstacles.
The objective of this exploratory study is to create clarity regarding:
1.
Additives and processing aids prepared with the help of GMOs that are not subject to the
labelling requirement, and the (possible) applications of these products in organic food and feed.
2.
The availability of non-GMO alternatives for these additives or processing aids, considering a)
the technical need for them in food or feed, and b) the availability of comparable non-GMO
additives or processing aids.
3.
Possible solutions.

1.2. Methodology
The research was carried out through a combination of literature review and (verbal and written)
correspondence with suppliers and buyers: middlemen, manufacturers of premixes, food
manufacturers.
To obtain a more detailed overview it is necessary to determine which commercial additives and
processing aids are on the market and how they are produced. For this reason, two approaches were
taken:
• Tracing products starting at the beginning of the chain: Well-known manufacturers of additives
and processing aids were asked to provide information about their products and corresponding
production methods.
• Tracing back from the end of the chain: Non-GMO declarations were traced backwards through
the production chain from traders and manufacturers of organic foods, via suppliers of semifinished products, to the manufacturers of additives and processing aids.
The following sources were used:
• The lists of substances authorised for use as ingredients of non-agricultural origin in the organic
production of foods and feed (Regulation 834/2007/EC, Annexes VI and VIII). These give an
overview of additives and processing aids authorised for use in the organic sector.
• The list of additives and processing aids of GMO origin on the website of TransGen (Germany)
and the list of commercial enzymes maintained by AMFEP (November 2007 edition),
supplemented with various literature. These together provided an overview of (possible) sources
of GMOs.
• Combining these two overviews gives a good impression of the possible obstacles for the
availability of non-GMO additives and processing aids.
• This information was supplemented through systematic searches in scientific publications and
patent databases on internet and correspondence with buyers and suppliers.
• These buyers and suppliers were asked about possible non-GMO sources and the securing of nonGMO declarations.
• Finally, information was gathered from the website of InfoXGen, an Austrian initiative intended to
give greater insight into the market for non-GMO raw materials.
The exploratory study was conducted by Huib de Vriend of LIS Consult with guidance from a project
team formed by:
o Maaike Raaijmakers, policy officer Biologica,
o Esther Kok, RIKILT Institute for Food Safety, research on safety and detection & traceability of
GMOs,
o Arno van Gorp, Van Gorp compound feeds, manufacturer of organic compound feed,
o Rene Slagmolen, Twilmij, manufacturer of organic milk substitutes and premixes,
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o
o

Joost van Alphen, organic cattle farmer,
Bavo van den Idsert, Vereniging van Biologische Producenten en Handelaren (association of
organic manufacturers and traders,
Jan Wicher Krol, Organic Inspection and Certification Organisation SKAL, head of production,
responsible for monitoring non-GMO declarations and sampling.
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2.

The Legal Framework

The following European and national regulations are relevant for the topic of this research:
1. The EU Council Regulation on organic production and labelling of organic products (834/2007)
that will enter into force on January 1, 2009;
2. The rules for authorisation of additives and processing aids in food and feed;
3. EU Regulation on genetically modified food and feed (1829/2003/EC) and its interpretation with
respect to fermentation products;
4. EU Directive on the contained use of genetically modified organisms (90/219/EG), which
determines which modified micro-organisms are subject to authorisation and which are not;
5. National regulations for the use of ‘GMO-free’ or similar claims.

2.1. EU Regulation on organic production and labelling of organic products (834/2007)
In organic processed food it is allowed to use additives, processing aids, flavourings, water,
salt, preparations of micro-organisms and enzymes, minerals, trace elements, vitamins, as
well as amino acids and other micronutrients in foodstuffs for particular nutritional uses only
in so far as (Regulation 834/2007/EC, article 19, paragraph 2, sub b and article 21):
• alternatives authorised in accordance with the Regulation are not available;
• without having recourse to them, it would be impossible to produce or preserve the food or to fulfil
given dietary requirements provided for on the basis of the Community legislation;
• these products and substances are to be found in nature and may have undergone only mechanical,
physical, biological, enzymatic or microbial processes, except where such products and substances
from such sources are not available in sufficient quantities or qualities on the market.

The European Commission has introduced detailed rules for the implementation of EU Regulation
834/2007/EC, which are provided in Annexes. The Annexes of Regulation 2092/91/EC are adopted
with few changes. The numbering of the Annexes will in any case be changed as follows. Annex VI,
part A (Substances permitted as ingredients of non-agricultural origin) and B (Substances permitted to
be used during preparation) have become Annex VIII. Annex II, part D (feed additives, certain
substances used in animal nutrition and processing aids used in feeding stuffs) has become Annex VI.
!

The ban on the use of GMO additives and processing aids in the production of organic food and feed
(article 9) relates to both (parts of) GMOs and ingredients derived from them such as oil, starch or
proteins, as well as ingredients produced by GMOs. The latter case applies in current practice to the
use of genetically modified micro-organisms in the production (fermentation) of processing aids
(enzymes) and additives (vitamins and amino acids) for food and feed.
Veterinary medicinal products such as vaccines are exempted from the ban on the use of GMOs
(European Commission, 1991). This is because non-GMO variants are no longer available for many
vaccines and the European Commission allows the animals’ health to prevail in this case.
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2.2. EU Directive on the deliberate release into the environment of genetically modified
organisms (2001/18)
EU Directive 2001/18 regarding the intentional release into the environment of genetically modified
organisms is important for this study because of the definition of GMOs given therein. The definition
is worded as follows (European Commission, 2001):
A genetically modified organism is an organism, with the exception of human beings, whose
genetic material has been changed in a way that is not possible naturally through reproduction
and/or natural recombination.
The Annexes of the Directive give a number of examples that illustrate what is meant by genetic
modification techniques:
• recombinant nucleic acid techniques involving the formation of new combinations of genetic
material by the insertion of nucleic acid molecules, produced by whatever means outside an
organism, into any virus, bacterial plasmid or other vector system and their incorporation into a
host organism in which they do not naturally occur but in which they are capable of continued
propagation;
• techniques involving the direct introduction into an organism of heritable material prepared
outside the organism, including micro-injection, macro-injection and micro-encapsulation;
• cell fusion (including protoplast fusion) or cell hybridisation techniques in which live cells with
new combinations of heritable genetic material are formed through the fusion of two or more cells
by methods that do not occur naturally;
• mutagenesis, whereby use is made of chemicals or radiation sources that lead to random mutations
(damage) in the DNA. In this way mutants can be created that – coincidentally – have the desired
characteristics.
Mutagenesis and cell fusion are excluded from the scope of this Directive (article 3).! These
exceptions also apply to the EU regulation on organic production methods (834/2007/EC, article 2,
paragraph t).

2.3. EU Regulation on genetically modified food and feed (1829/2003/EC)
The GMO origin of raw materials is made known by means of a label. However, the EU’s legal
labelling requirements do not apply to the majority of additives and processing aids of GMO origin. In
its considerations for the labelling and traceability of genetically modified food and feed products, EU
Regulation 1829/2003/EC makes a distinction between food and feed produced from GMOs and food
and feed produced with GMOs. It follows from this consideration that genetically modified enzymes
themselves and products derived through their use also fall outside the scope of the labelling
requirements. Animal products made from animals fed with genetically modified feed or treated with
genetically modified medicinal products also need not be labelled3 (European Commission, 2003).

3

Whereas nr. 16 states literally: “…..The determining criterion is whether or not material derived from the
genetically modified source material is present in the food or in the feed. Processing aids which are only used
during the food or feed production process are not covered by the definition of food or feed and, therefore, are
not included in the scope of this Regulation. Nor are food and feed which are manufactured with the help of a
genetically modified processing aid included in the scope of this Regulation. Thus, products obtained from
animals fed with genetically modified feed or treated with genetically modified medicinal products will be
subject neither to the authorisation requirements nor to the labelling requirements referred to in this
Regulation.”
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In June 2004 the European Commission interpreted this consideration to mean that fermentation
products for which genetically modified micro-organisms (GMMOs) were used do not fall under the
scope of European Regulation 1829/2003 as long as these products do not (or no longer) contain any
GMMOs. Various food and feed additives made with GMMOs thus no longer fall under the labelling
requirement, nor do present and future fermentation products during whose production a microorganism was added that was later removed from the product through filtration. This is a common
procedure in the production of various types of beer (European Commission, 2004).
2.4.

EU Regulations on additives and processing aids in food and feed

Various EU regulations apply to organic food and feed. These are the following:
• For food:
* Directive 88/388/EEC, for the use of ‘natural flavourings’: In the production of organic food
products it is permissible to use natural flavouring and flavouring preparations derived among
other ways through enzymatic or microbiological processes using material of vegetable or animal
origin that are either in their raw state or processed for human consumption by traditional foodpreparation means (including…fermentation) (article 1.2.b, European Commission, 1988).
Examples of ‘natural flavourings’ derived through microbiological processes (fermentation) are
vanillin and coconut flavouring.
* Directive 89/107/EC on the approximation of the laws of the Member States concerning food
additives4 authorised for use in foodstuffs intended for human consumption. This Directive applies
to food additives that are listed in Annex I, which includes colours, preservatives, emulsifiers,
sweeteners, acids and several other categories of food additives (European Commission, 1989).
* As yet, no EU regulations apply to enzymes in food, unless they fall under the definition of
additives according to the above Directive, i.e. they have a technical function in the product. This
is the case for only two enzymes: lysozyme and invertase. France and Denmark have their own
national systems for the authorisation of food enzymes. EU regulations are adopted by the
European Commission on November 18, 2008 and will be published in the first months of 2009.
According to optimistic estimates it will then take at least five years before the first register of EUauthorised enzymes for food products will be published (AMFEP, 2008).
• For feed:
* Regulation (EG) Nr. 1831/2003 of 22 September 2003 (European Commission, 2003) deals with the
authorisation and use of additives in animal feed. It pertains specifically to vitamins, provitamins and
chemically well-defined substances that have a comparable effect. This regulation is not applicable to
processing aids (article 1, paragraph 2).
* Directive 70/524/EEC concerning additives in feeding-stuffs. In contrast to the use of enzymes for
food products, the use of enzymes for feed products is regulated at EU level. Based on this
Directive, additives may not be used in feed unless a permit has been issued to this effect. To
apply for a permit, a dossier must be submitted to one of the Member States based on which it can
be determined whether the additive meets certain effectiveness and (animal, human and

4

A food additive means any substance not normally consumed as a food in itself and not normally used as a
characteristic ingredient of food whether or not it has nutritive value, the intentional addition of which to food
for a technological purpose in the manufacture, processing, preparation, treatment, packaging, transport or
storage of such food results, or may be reasonably expected to result, in it or its by-products becoming directly
or indirectly a component of such foods (article 1.2).

GMO-FREE ADDITIVES AND PROCESSING AIDS FOR ORGANIC FOOD AND FEED PRODUCTION

10
environment) safety requirements. The product in question must have also been tested on a large
number of animals.

2.5. EU Directive 2001/15/EC on substances that may be added for specific nutritional
purposes in food for particular nutritional uses
Vitamins, amino acids and other nitrogen compounds are allowable in organic foods only if there is a
need as defined by law to add them to foods (see chapter 3.1). This pertains to diet products and infant
formula or follow-on formula. This is regulated by EU Directive 2001/15/EC. The Annex of this
Directive contains a register of authorised additives, including a large number of vitamins and about
twenty amino acids (European Commission, 2001b).
2.6.

EU Directive on the contained use of genetically modified organisms (90/219/EC)

Self-cloning is often used with micro-organisms. First the DNA is removed from one cell or organism.
Then a part of the DNA is inserted again in the same type of cells or in cells of a genetically closely
related species with which the donor species can exchange genetic material. The temporary
introduction of plamids5, the removal of DNA sequences and the introduction of DNA from other
organisms of the same species all fall under the definition of self-cloning. According to the EU
Directive on the contained use of GMOs (90/219/EC), an organism that comes into being by means of
self-cloning is not considered a GMO (European Commission, 1998; Sybesma, 2006; VROM, 2005).
Table: Methods of DNA modification and GMO definitions
Contained use
90/219/EC

Releases to the environment
2001/18/EC

+ non-GMO

+ non-GMO

+ non-GMO

+ non-GMO

Mutations with insertion elements2)

+ non-GMO

+ non-GMO

Conjugation3)

+ non-GMO

+ non-GMO

Transduction

+ non-GMO

+ non-GMO

Self-cloning

+ non-GMO

- GMO

- GMO

- GMO

Type of DNA-modification
Spontaneous mutations
Induced mutations

1)

4)

Not self-cloning
1)
2)

3)

4)

5

Mutations can be induced through exposure of organisms to chemicals or radiation.
Relates to DNA-sequences responsible for the the transposition of a part of the chromosome to another
location on the same chromosome or to another chromosome.
Horizontal gene transfer from one cell to another by means of direct contact between cells. This happens
via a mobilised plasmid (ring-shaped, bacterial DNA) or a transposon (piece of DNA that can move to
different locations on the genome).
Transfer of DNA from one bacteria to another by means of a virus.

A plasmid is an extra-chromosomal DNA molecule separate from the chromosomal DNA which is capable of
replicating independently of the chromosomal DNA.In many cases, it is circular and double-stranded.
Plasmids usually occur naturally in bacteria, but are sometimes found in eukaryotic organisms. In genetic
engineering, plasmids are used for transfer of genetic material between cells, even of different species.
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If these self-cloned organisms are released into the environment, they are then considered to be
GMOs, and the EU Directive on the deliberate release into the environment of GMOs (2001/18/EC)
applies. This EU Directive does not apply to products of genetically modified micro-organisms
(GMMOs) that contain no viable and reproducible organisms, such as the additives and vitamins that
are the focus of this exploratory study.
Because of the above-noted exceptions to the regulations, GMMOs resulting from self-cloning are not
recorded in the databases of the institutions responsible for the authorisation of GMOs.
2.7.

National regulations for ‘GMO-free’ or similar designations

The EU Member States have diverse regulations for the use of ‘GMO-free’ or similar declarations.
In the Standing Committee on the Food Chain and Animal Health of 19 and 20 December 2007
Member States reported on their approach and experience with regard to GM-free or similarly worded
labelling schemes (SCFAH, 2007):
• In three Member States (Germany, The Netherlands and one unknown) GM-free must apply to all
stages of production of the food in question, and would ban any substance produced using GMO,
such as fermentation products and in some instances even GM vaccines. Operators generally find it
difficult to meet these requirements and as a consequence, virtually no products labelled as GM-free
are on the market of these countries.
• One Member State has rules on GM-free labels inspired by those of the Regulation on organic
farming: they apply on a voluntary basis, there is a threshold of 0.9% for the adventitious presence
of GM material but with the objective of minimising such presence, and there is an exemption for
food and feed additives and other substances when they are not available on the market other than
produced by GMOs. In this Member State, GM-free products and in particular GM-free animal
products are very successful on the market.
• Another Member State has developed guidance along similar lines. In this country, it is expected
that smaller companies might want to use the GM-free label, but it is not expected that it will be
widely used.
• Five more Member States have no legislation on GM-free labelling, but provide guidance to
operators. In general terms, these Member States do not recommend the use of GM-free labelling
schemes based on one or several of the following reasons:
* There is no definition of ‘GM-free’; if a GM-free label was to be used this would have to be based
on a zero tolerance approach and this is difficult to achieve.
* The three existing categories of foods (i.e. those labelled as GM, those not labelled as GM and
organic food) are sufficient and an additional category might confuse the consumer.
* A producer may not mislead the consumer by claiming that his food possesses special
characteristic when in fact all similar foodstuffs possess such characteristics.
* Such a practice would in fact constitute an unfair commercial practice.
The authorities of these Member States discourage from the use of the term ‘GM-free’ but
recommend operators that want to use such a claim to be more specific by indicating for instance
that the food in question has been produced from animals that have not received GM feed.
• Another Member State reported that there is no legislation on GM-free labelling, but that voluntary
GM-free labelling schemes have been developed and are used on its territory.
• The remaining 10 Member States have no legislation nor elaborated specific guidance of GM-free
labelling, since the presence of GM-free products on their markets is very limited or non-existent.
These Member States would discourage from the use of GM-free labelling claims on the basis of
one or several of the reasons listed above.
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By way of example, the situations in the Netherlands and Germany are described below.
The Netherlands
Use of a ‘GMO-free’ declaration is not permitted in the Netherlands because such a claim would
mislead consumers. Genetically modified organisms (GMOs) or their derivatives cannot always be
identified and the possibility of unintended contamination makes it impossible to prevent their
presence with 100% certainty. The decree of 29 April 1997 regarding rules for new food products and
food ingredients (Warenwetbesluit Nieuwe Voedingsmiddelen) determined that under certain
conditions only the designation ‘prepared without the use of biotechnology’ may appear on labels. To
ensure that consumers are not misled, this designation may only be used if other variants of the
product exist that could indeed be made with the help of biotechnology. If, for example, all sunflower
oil is produced from sunflowers that have not been genetically modified, then no sunflower oil may
carry the designation ‘prepared without the use of biotechnology’. Any company that wants to use
this designation has to ensure not only that the original organisms of all of the authorised regular
ingredients and additives were not GMOs, but also that all of the processing aids used in the
production process do not originate from GMO organisms. In other words: products designated as
‘made without the use of biotechnology’ may not originally be GMOs themselves, but also, all of the
substances used in the processing stages may not originate from GMO organisms (Minister of Justice
1997; Skal, 2000a; 2000b).
Politicians, the Consumentenbond (the Dutch Consumers Association), Albert Heijn (the largest
retailer of the country) and the Productschap Diervoeder (National Feed Board) already indicated back
in 2000 that the criteria established in the decree for the use of the ‘prepared without the use of
biotechnology’ designation were so strict that it would be nearly impossible for either the conventional
or the organic food sectors to meet them (Minister of Agriculture, Nature and Fisheries, 2000). Due to
these strict requirements, the legal option to use the ‘prepared without the use of biotechnology’
designation is not a realistic alternative to the non-GMO declarations used in the organic production
chain.
Germany
The designation ‘ohne Gentechnik’ (‘without biotechnology’) has been permitted in Germany since
1998 for food products containing no additives or enzymes of GMO origin. The requirements for this
designation are less strict than those in the Netherlands. In the production of dairy, meat and eggs no
use may be made of feed that contains ingredients of GMO origin. Additives or processing aids
(enzymes) of GMO origin may, however, be added to these feeds. In addition, a threshold of 0.5%
unintended and unavoidable contamination with GMOs is in effect (Bundesministerium der Justiz,
German Ministry of Justice, 1993)
In January 2008, the German government reached agreement on the allowance of certain additives and
processing aids of GMO origin in products with a ‘without biotechnology’ designation. The German
government now wants to allow the use of vitamins, amino acids and enzymes of GMO origin in the
production of non-GMO foods when there are no (more) alternatives for them. However, the German
food industry association BLL finds this misleading for consumers and is therefore against this
loosening of the rules. According to the German Ministry of Food, Agriculture and Consumer
Protection (BMELV), the German proposal is in line with the new Regulation for organic production
that will take effect on 1 January 2009. Although it requires a majority of the member states’ votes,
here too the organic sector is given the option of using GMO additives for which there are no nonGMO alternatives, (Halliday, 2008; RPO, 2008).
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3.

Results

A number of obstacles were encountered while compiling an inventory of the availability of non-GMO
additives and processing aids. As these obstacles are illustrative of the problems faced by the organic
sector in choosing non-GMO additives and processing aids, some attention will be focused on them in
presenting the results of this exploratory study. This is followed by an overview of the availability of
non-GMO additives and processing aids for organic food and feed production.

3.1. Obstacles encountered
At least four factors obstructed the progress of the study as described above:
1. Insufficient information:
The TransGen database is based on information that is often global in scope and/or insufficient.
Scientific literature and patent databases do provide insight into which additives and enzymes genetic
modification experiments are being carried out on, but only a fraction of the scientifically proven and
patented possibilities are actually applied commercially. These sources can thus only tell us whether
certain additives and processing aids could possibly be of GMO origin.
For enzymes, the AMFEP list is the only answer. This list contains information on host and donor
organisms used for the production of different types of enzymes. The list indicates for which types of
enzymes non-GMO and GMO variants are available, but not which commercial products these
qualifications pertain to. The AMFEP says it cannot provide this information. Novozymes and DSM,
both important enzyme producers, have placed this information on their websites. Genencor-Danisco
says that it provides any desired information on the GMO origin of enzymes to the suppliers.
A complete overview of commercial additives and production methods (chemical synthesis or
fermentation) and the production organisms used is not available.
InfoXGen is a kind of marketplace on the internet for suppliers of non-GMO ingredients, which has
apparently not been very successful when it comes to additives and processing aids. The number of
products and the number of suppliers (only in Austria and Germany) are limited. Aside from
processing aids for wine and beer sold by the Erbslöh Geisenheim company, for example, there appear
to be very few other food enzymes on the InfoXGen database. It further lists only two variants of
Grindazym from Genencor-Danisco, a combination of beta-xylanase and beta-glucanase. The database
does contain some products that are non-GMO, and whose use is permitted in organic production, but
for which there are no GMO variants. This is true for a number of classic rennins, conservatives for
feed based on organic acids, various starter cultures for the manufacture of yoghurt and microbial
preparations added to feeds. If GMO variants in the latter two categories - starter cultures and
microbial preparations - ever appear on the market, they will have to be labelled as such.
2. Lack of transparency:
Manufacturers of enzymes and additives are not always willing to provide information on the content
and production methods of their products. It is also highly unusual for manufacturers of raw materials,
ingredients, or semi-manufactured products to provide information about their clients’ products to
third parties.
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3. Unclear or meaningless non-GMO declarations:
In tracing backwards from the end of the chain, one discovers that non-GMO declarations are not
always worded clearly enough to be used as the basis for determining whether the legal requirements
have been met. For example: “The following products of XXX do not contain GMO-DNA respectively
genetically modified protein. However GMO respectively genetic engineering may have been used
during production of either the product itself or one of its ingredients and/or raw materials.” This
declaration says nothing more than that the product does not contain any analytically demonstrable
GMO-product (protein or DNA). The supplier does not even exclude the possibility that genetic
modification was applied during the production process. The product may therefore contain additives
or processing aids that were produced with GMOs. The accompanying information also indicates that
the product contains phystase of GMO origin.

Another example is the GMO certificate issued by Adisseo, manufacturer of various vitamin and
enzyme products (see above). With the statement: “We certify that the ADISSEO products (Feed
additives and Amino Acids) listed hereinafter are neither organisms nor genetically modified
organisms in the sense of regulation in force*” the company confirms what is already known, namely

RESULTS

15
that vitamins, amino acids and enzymes are not organisms (Adisseo, 2005). These products are
produced with the help of organisms, but the declaration says nothing about the type of production
organisms used.
4. Complex products:
It is difficult to identify the origin of enzymes because commercial enzyme products can consist of
blends of various enzymes. One example is Roxazym by DSM, a product with which the nutritional
value of grains in pig feed can be enhanced. This product contains three types of enzymes: Cellulase,
beta-glucanese and xylanese. In this case the enzymes are produced with the same micro-organism:
Trichoderma longibrachiatum. Based on the AMFEP list of commercial enzymes, we can conclude
that in the case of cellulose and beta-glucanase, only non-GMO variants of this production organism
could be used. For the production of xylanase, however, use can be made of both non-GMO and GMO
variants (DSM, 2008). The AMFEP list can therefore not be linked on a one-to-one basis to individual
products.

3.2. Availability of non-GMO additives in organic food and feed production
3.2.1 Food
According to EU Regulation 207/93/EC, a limited number of additives may be used in organic food
products. The register of authorised additives provided in part A of this regulation contains a few
additives that could be of GMO origin. These are: annatto, vitamins, citric acid, natural identical
flavourings and amino acids. An investigation was carried out for each of these additives to discover
whether GMO-free alternatives are still available.
Annatto
Annatto (E160b) is a yellow colouring that is permitted for use in the manufacturing of a few cheeses.
Annatto can be 1) obtained as a natural colouring from seeds of the Annatto tree, 2) obtained
chemically from lycopene (from tomatoes), and 3) made with the help of GMMOs (Bouvier, 2003). It
is not known whether this GMMO procedure is applied commercially. There seems to be no problem
as yet in obtaining non-GMMO annatto. Natural annatto is available through the following sources,
among others:
* Ringe & Kuhlmann, Hamburg (http://www.riku.com/),
* Aarkay Foods in India (http://www.aarkayfoods.in/contacts.htm),
* Vinayak Corporation in India (http://www.vinayakcorporation.com/natural_foodcolor.htm).
Vitamins:
Vitamins were originally extracted from natural sources: vitamin A and D from cod liver oil; vitamin
E from wheat germ oil; vitamin K from alfalfa; vitamin B1 and B6 from rice; vitamin B2 (riboflavin)
from eggs; vitamins B12, B3 (niacin), B5 (pantothenic acid), B7(biotin) and B9 (folic acid) from liver.
With the exception of vitamin E, which is produced in large amounts from vegetable oils, it is no
longer economically feasible to extract vitamins from natural sources. From a financial perspective,
chemical synthesis and fermentation are much more attractive. All vitamins, except B12, can be
chemically synthesised. Vitamins B2, C and D3 are also produced on a commercial scale through
(conventional) fermentation (Muth, 1999; DSM, 2008c). Fermentation processes have also been
developed for the production of vitamin A and biotin, but it is not known whether these are being
applied commercially (various sources).
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Possible obstacles:
GMMOs can be used for the production of both the B-vitamins and vitamin C. Vitamin B12 is almost
always of GMO origin (Transgen, 2007). Vitamin E can also be extracted from vegetable oils of GMO
origin (especially soy oil).
• Vitamin C or ascorbic acid (E300) is used as an antioxidant and bread improver. Ascorbic acid is
permitted for use in the organic production of meat products. It can be made through chemical
synthesis or fermentation. The original Reichstein process, developed in the 1930s, consists of a prefermentation stage followed by a number of chemical steps. In China in the 1960s a two-step
fermentation process was developed in which a second fermentation step replaced the chemical
processing steps. Together with Eastman Chemical, Genecor-Danisco used pathway engineering6 to
develop a genetically modified production organism (Callebaut, 2004). A permit for this process was
issued to ADM. The most important producers of ascorbic acid are BASF, DSM, Merck and the
China Pharmaceutical Group Ltd.
An employee focused on ‘quality and the environment’ for meat chain De Groene Weg indicated
that the chain has no problems with the non-GMO declarations of additives used in the preparation
of organic meat products. De Weerd Specerijen from Steenwijk is the supplier of the mix containing
ascorbic acid. The supplier claims that the ascorbic acid is produced by means of the two-stage
fermentation process. In which no use is made of genetically modified micro-organisms. For the
purposes of recipe protection, De Weerd does not release the names of its suppliers (personal
communication, 30 January 2008). DSM produces a non-GMO intermediary for vitamin C. No
suppliers of non-GMO vitamin C are listed in the InfoXGen databank (InfoXGen, 2008).
• Vitamin E (E306) or Tocopherol is an antioxidant used in oils in fats. Synthetic vitamin E can be
produced through the chemical processing of fossil plant material. It is also possible to produce
‘natural’ vitamin E based on vegetable oil. ADM markets this type of ‘natural' vitamin E (NaturalSource Vitamin E made by Denkavit, Denkavit, 2008). According to the supplier, this form is more
effective for young cattle.
If use is made of oil from GMO soy, then the manufacturer is required to label the vitamin E as a
GMO product. A spokesperson for Denkavit reports that the product is indeed labelled as such.
ADM refuses to work with GMO-free declarations (verbal statement by Denkavit, January 2008).
No suppliers of non-GMO tocopherol or other forms of vitamin E are listed in the InfoXGen
database (InfoXGen, 2008).

Lecithin
Lecithin (E322) is an emulsifier that is permitted for use in dairy production. Lecithin is a
phospholipid produced through the degumming of oil, usually soy oil. Other sources of lecithin are
sunflower oil and rapeseed oil, but the lecithin derived from these oils does not meet the technical
requirements for all products. Moreover, the production from sunflower oil is three times less than
from soy oil, and thus much more expensive. It is also difficult to find a crusher willing to process
only sunflowers and produce lecithin from them. The same is true for synthetic emulsifiers (verbal
statement by Mr Sesmer, Lecicon Duitsland, January 2008). There are ten suppliers of non-GMO
lecithin in Europe, including:
* LASENOR (Spain) has a non-GMO Identity Preservation (IP) programme and supplies lecithin
from sunflower oil: http://www.lasenor.com/
* LECICO (Germany) has a non-GMO programme: http://www.lecico.de/non_GMO_program.html
6

Modifying a cell’s physiology to improve its capacity to overproduce a desired molecule for industrial use.
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* Thew Arnott (UK) supplies non-GMO IP: http://www.thewarnott.co.uk/products.php#cat4
* Sternchemie (Germany) has an IP programme for non-GMO:
http://www.sternchemie.de/deutsch/c03a_greencithin.html
A spokesperson for Thew Arnott & Co. Ltd. (UK) reported that availability of non-GMO soy is not a
problem. In addition to soy from Brazil, soy from India and China are used (verbal statement Thew
Arnott & Co., December 2007). According to an employee of Clarkson Grain Company (US), some
companies in the United States still supply non-GMO soy based on Identity Preservation programmes
(verbal statement by Curtis Bennett, Clarkson Grain, February 2008).
Although there appears to be sufficient supply at the moment, availability of non-GMO lecithin could
become problematic in the future. The demand for non-GMO lecithin is increasing by 10-15% per
year. Since a large percentage of soy fields in the United States and Argentina are sown with GMO
soy (ISAAA, 2007), these suppliers are heavily dependent on the supply of non-GMO soy from Brazil.
Since the cultivation of GMO soy has for the past few years also been formally permitted in Brazil, the
acreage of GMO soy is increasing steadily and illegal cultivation of GMO soy is not unheard of,
European soy importers say it is becoming more difficult and costly to obtain non-GMO soy that
complies with European regulations (threshold values) (various press reports, verbal statement by Mr
Sesmer, Lecicon Duitsland, December 2007).
However, if use is made of GMO soy, then the manufacturer is required to label the lecithin as a GMO
product, and so far, the GMO labelling requirement is a proven incentive for non-GMO supply. This
situation will not change as long as the price of non-GMO soy is not much higher than the price of
non-segregated soy that may contain GMO soy.
Citric acid
Citric acid (E330) is an antioxidant and souring agent that is permitted for use in organic foods of
vegetarian origin, such as fruit juice concentrate, desserts, processed meats and baby food. Citric acid
can be extracted from fruits, but in practice it is usually produced through fermentation, with the help
of (genetically modified) micro-organisms. China is an important producer of citric acid. Of the
800,000 tons of citric acid produced in 2005, 80% was intended for export (Chervenak, 2006). DSM
produces citric acid with the help of a non-GMMO (DSM, 2008c).
Natural identical flavourings:
Within the framework of this study, research was conducted to discover whether GMMOs are used in
the production of natural identical flavourings. In the past ten years, for example, fermentation
processes have been developed for the production of ‘natural vanillin’ (Robinson, 1998). In these
processes, genetic modifications are achieved through chemically induced mutagenesis (Rabenhorst,
2003). This form of mutagenesis falls under the exceptions provided for in Annex 1B of Directive
2001/18/EC, and is thus legally permitted in organic production based on Regulation 834/2007/EC.
No examples of GMO applications for natural identical flavourings that are not permitted in organic
production were found in the context of this study.
Symrise (Sweden), one of the largest flavouring manufacturers in the world, was (as of February
2008) actually in the process of certifying natural vanillin derived from vanilla beans in Madagascar
based on the USDA’s Organic Standards (statement by Ms Derow, Symrise press agent, February
2008).
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Amino acids
The chemical synthesis of amino acids always leads to compounds of so-called ‘enantiomers’, which
are chemically speaking mirror images of each other. Such compounds are made up of half L-form
amino acids and half D-form amino acids. Living organisms are only able to use L-form amino acids.
The D-form amino acids are thus usually removed. If moulds are used to produce amino acids, only
the L-form are produced. For this reason, fermentation processes aided by moulds are an attractive
alternative to chemical synthesis (Muth, 1999). Eight amino acids (namely cystine, glutamine, leucine,
lysine, methionine, phenylalanine, threonine and tryptophan (see also Annex 4) can be of GMO origin
(TransGen, 2007). DSM, Adisseo and the German chemical firm Degussa, among others, produce
amino acids for the feed market, but it is not permitted to add amino acids to organic feeds (Degussa,
2008; Adisseo, 2008). Manufacturers of amino acids are located for the most part in China. No other
information was found regarding the supply of GMO or non-GMO variants of these amino acids. Nor
was it possible to find information about amino acid products for application in human food.

3.2.2 Feed
In organic feeds (compounds and roughage) for non-ruminants, it is permitted to use synthetic
vitamins that are identical to natural vitamins. It is also permitted to use a number of organic acids as
preservatives, including citric acid, and tocopherol-rich extracts of natural origin (E306). Synthetic,
natural identical vitamins A, D and E may only be added to ruminant feed on the conditions that this
has been proven necessary for animal health and specifically authorised by the member state’s
regulatory agency. It is not expected that dairy cows fed fresh feed will develop a shortage of these
vitamins. Those kept in stalls, however, receive less sun exposure and thus have a higher need for
vitamins A, D and E, which has to be satisfied by supplementing their daily rations. If no synthetic
vitamin supplements are given, ruminants are completely dependent on roughage for their vitamin A,
D and E intake, because the ingredients in concentrates contain very few vitamins (Smolders, 2003).
Since no GMO-variants of vitamins A and D are known, these vitamins are not included in the
following overview (with the exception of D3) (TransGen, 2007).
Vitamins:
• Vitamin B12 is important for growth and cell division, especially of red blood cells. The chemical
synthesis of B12 is very complex.
At least five companies claim to supply non-GMO variants of vitamin B12. Lithosfood in
Vlaardingen (http://www.lithosfood.nl/Portals/4/Lithos%20Food%20Productlist.pdf), and Stern
Chemie in Hamburg supply supplements mostly to food manufacturers and in the form of over the
counter products (such as pills, powders etc.). Lithosfood makes use of ready-made mixes supplied
by Watson Inc, Lithosfood’s partner in the US. An employee of Lithosfood reported that the nonGMO claim refers in any case to the coating, for which soy oil was replaced with palm oil. This
claim was confirmed by Watson, Inc. Stern Vitamin, a manufacturer of premixes for the food
industry, supplies only products with non-GMO declarations and these are based on non-GMO
claims made by the suppliers of ingredients (verbal statement by Mr Heuer, Stern Vitamin). DSM
produces a non-GMO vitamin B12 (DSM, 2008c). Hebei Huarong Pharmaceutical Company issues
non-GMO declarations for its vitamin B12. This company is the most important manufacturer of
B12 in China and exports 70% of its production (Tradekey, 2008). Lohmann Animal Health GmbH
in Cuxhaven (German) also supplies a non-GMO vitamin B12 (InfoXGen, 2008).
• Vitamin B2 (Riboflavin) is an important nutrient, in part because it stimulates the appetite and
growth of non-ruminants. A vitamin B2 shortage can lead to problems with the nervous systems, the
digestive tract or the reproductive organs. Since grains contain almost no vitamin B2, this nutrient
has to be added to feeds for non-ruminants. Vitamin B2 can be chemically synthesised as well as
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produced with the help of GMMOs. DSM (Roche), BASF and a Chinese manufacturer produce B2
with the help of GMMOs (verbal statement by Henk Botter, Denkavit, January 2008). This means
that pretty much all of the vitamin B2 currently on the market is of GMO origin.
Lohmann Animal Health GmbH in Cuxhaven (Germany) sells non-GMO vitamin B2 (InfoXGen,
2008). Lithosfood in Vlaardingen, the Netherlands, claims to supply non-GMO vitamin B2, but this
again refers to over-the-counter products
(http://www.lithosfood.nl/Portals/4/Lithos%20Food%20Productlist.pdf );
• Vitamin C (E300): Almost all vitamin C used in feeds is fermented and most of it comes from China
(verbal statement by Henk Botter, Denkavit, January 2008). DSM produces a non-GMO
intermediate for vitamin C and Lhomann Animal Health GmbH also produces non-GMO vitamin C
(InfoXGen, 2008).
• Vitamin D plays an important role in bone development (Smolders, 2003). BASF and DSM-Roche
are the largest manufacturers of food-grade vitamin D3. DSM produces vitamin D3 with the help of
genetically modified micro-organisms (self-cloning). The production method used by BASF is not
known (DSM, 2008c; BASF, 2008).
• In cattle, Vitamin E (E306) is essential for growth, fertility and reproduction, prevention of various
diseases and tissue development (Smolders, 2003). Lohmann Animal Health GmbH and
Reisenberger GmbH (Austria) supply non-GMO vitamin E (InfoXGen, 2008).
Citric acid (E330): See food additives.

3.3. Availability of non-GMO processing aids (enzymes) for organic food and feed
production
A large number of enzymes can be used in the production of food and feed, especially in the baking,
beer brewing and starch processing industries. Enzymes may be used in the production of organic food
and feed as long as they are not produced with the help of GMOs. The legal labelling requirement for
GMOs applies to preparations based on micro-organisms, but not to enzymes.
AMFEP provides an overview of enzymes available on the European market (see Annex 7). This
overview does not indicate which enzymes are produced with the help of GMOs. It does, however,
indicate which host organism was used and whether genetic material from another donor organism
was used. The enzymes falling into this latter category were definitely made with the help of GMOs.
Based on this overview it can thus be concluded that there are GMO variants of nearly all
commercially available enzymes. However, it cannot be determined with any certainty whether the
enzymes for which no other donor organism was used were made with or without the help of GMOs.
They could have been produced through self-cloning. According to the largest enzyme manufacturers
in the world market, namely DSM, Genencor-Danisco and Novozymes, an increasing proportion of
enzymes are produced with the help of GMOs.

3.3.1 Food
Based on Annex VIII of Regulation 834/2007 it is permitted in food manufacturing to use enzymes
that are normally used as technical additives. There are currently 58 different types of food enzymes
on the market, corresponding to 197 enzyme products. These enzymes are added for various reasons to
many product groups (see Annex 3).
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One of the most important applications is in the baking industry (for bread, rusks, crackers, and
pastries). Zeelandia, a supplier of bread mixes, works with GMO-free declarations for the organic
bakeries. Zeelandia does not use GMO enzymes in its mixes. There are plenty of non-GMO enzymes
available for the baking industry, but based on product quality (dough quality, shelf life), most buyers
prefer GMO enzymes (verbal statement by Mr De Dreu, Zeelandia, January 2008).
Enzymes are also used extensively in beer brewing. It is, however, not strictly necessary to use them.
In Germany, the use of enzymes is prohibited by the Reinheitsgebot7. According to a quality assurance
employee of an organic brewery in the Netherlands, only enzymes produced during the malting
process are used in its beer and no enzymes are added (Budelse brewery, February 2008).
A few enzymes used in the food industry are only available in a GMO variant. These enzymes are thus
not permitted for use in organic production. However, in some cases, alternative substances or
processes are available. These are:
• Acetolactate decarboxylase inhibits the formation of diacetyl (butter flavouring) during the
fermentation process in beer brewing.
Alternative: The use of this enzyme is not strictly necessary. The amount of diacetyl formed depends
on the strain, age and condition of the yeast and the manner in which the beer is stored. Excessive
diacetyl formation can be prevented by paying close attention to these factors and by heating the
product after fermentation. Diacetyl can also be removed with the help of absorbents (cellulose,
silica gel), but this has a negative effect on colour, pH and alcohol percentage.
• Asparaginase inhibits the formation of acrylamid during intensive heating (baking, deep frying,
microwave cooking) of starch products, such as in the production of French fries, chips and baked
goods. Through the heating process, the sugars react with the amino acid asparagin, thereby forming
the carcinogenic substance acrylamide.
Alternative: Recently published research shows that the formation of acrylamide can also be reduced
with the help of anti-oxidant-rich extracts from bamboo leaves (56% reduction) and green tea (32%
reduction) (Yu Zhang, 2008). Bamboo extract is a registered food ingredient in China and it may be
used as an additive, for example in oils and fish and meat products. Before it can be used in Europe,
it will probably have to be authorised by the European Union within the framework of the Novel
Food Regulation (258/97/EC). Aside from these methods, it is also possible to limit the formation of
acrylamide by adjusting the production method (heating times, water content, pH) (Food Navigator,
2008). Selecting crops (grains, potatoes, coffee and chicory) that contain lower levels of sugar
(potatoes) and asparagin (grains) can also help reduce the acrylamide levels (CIAA, 2006).
• Carboxypeptidase (serine-type) is a protease. This enzyme can be used to influence the taste
development in fermentation products, especially cheese.
Alternative: The use of carboxypeptidase for tatse improvement is not strictly necessary.
• Cellobiose dehydrogenase or –oxidase can be used to convert lactose (milk sugar) into lactobionic
acid.

7

The Reinheitsgebot (Purity Law) is a German law that originated in the duchy of Bavaria in
1516. It is the oldest food law in the world. According to this law, beer may only consist of
malted grain, water and hops.
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Alternative: The use of cellobiose dehydrogenase is not strictly necessary because other sources for
lactose-free dietary products (e.g. soy) are available.
• Chymosin is a protease that coagulates milk during cheese production. With the help of GMMOs,
various products are able to produce pure chymosin.
Alternative: Rennet is still widely available, and it can contain other enzymes (pepsine or lipase) in
addition to chymosin. A non-GMO microbial rennet based on Mucor Miehei is also available.
• Hexose oxidase converts various sugars into lactose and nitrogen peroxide. It can be used to
improve the stability of dough and the volume of bread, or to extend the shelf life of cheese (such as
Mozzarella). It also reduces browning during the baking process of pizza, improves coagulation in
cheese and tofu production and acts against undesired oxygen compounds in dressings and readymade sauces.
Alternative: The use of hexose oxidase is not strictly necessary.
• Lipoxygenase converts unsaturated fatty acids (namely linoleic and linolenic acids) and can be used
in the production of bread and flavourings. The enzyme is naturally present in many plants and
animals.
Alternative: The use of lipoxygenase is not strictly necessary. Lipoxygenase can also be produced
from soy, among other sources.
• Maltogenic amylase is a starch-splitting enzym (amylose, amylopectin and related glucose
polymeres) that can be used in the baking and starch industries.
Alternative: The use of maltogenic amylase is not strictly necessary.
• Sulphydryl oxidase introduces disulphide bridges between thiol groups, thereby ensuring a stable
protein matrix in baked goods.
Alternative: The use of sulphydryl oxidase is not strictly necessary.

3.3.2 Feed
All enzymes authorised by Directive 70/524/EC may be used in organic feeds (compounds and
roughage). There are currently 23 different types of feed enzymes on the market, corresponding to 70
enzyme formulations. The enzymes used in feeds generally improve the availability of nutrients.
The most relevant enzymes for organic feed production are the following:
• Phytase breaks down the indigestible phytic acid in grains and oil seeds, thereby improving the
availability of phosphorus in the plant material in feeds. Ruminants produce phytase themselves and
are thus able to release phosphorus (and other nutrients) from grain and oil seeds. Non-ruminants
cannot do this. Phosphorus has to therefore be added to feed for pigs and chickens, which indirectly
increases the phosphate content in their manure. Various GMO phystase formulations are available
on the market: Natuphos, Ronozyme, Bio-feed® Phytase, Phyzyme and Rovabio PHY.
Alternative: As an alternative, feed manufacturers are now adding phosphorus directly to the feed.
Alltech produces a natural cocktail using solid-state fermentation of an Aspergillus mould on
semolina, which contains the following enzymes in addition to phytase: amylase, beta-glucanase,
protease and xylanase (http://www.alltech.com/nederland/local.htm# ). According to a spokesperson
for Offra Additives BV in Werkendam, the Netherlands, this would be a good replacement for GMO
phytase; however this requires market authorisation in the EU, entailing submission of a dossier for
each component of the product. The costs involved in obtaining authorisation would be so high that
both the manufacturer and supplier have chosen not to pursue it (verbal statement, 2007).
• Xylanase breaks down xylan, the major component of cell walls. This improves the digestibility of
plant materials in feeds. Bio-Feed® Wheat from Novozymes is an example of a xylanase produced
using GMMOs.
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Alternative: Various non-GMO products containing xylanese are available on the market, including:
* Rovabio Excel from Adisseo contains a combination of xylanase and beta-glucanase;
* Grindazym from Genencor-Danisco contains a combination of beta-xylanase and beta-glucanase.
• Enzymes for silage fermentation. Enzymes are used not only for premixes in the feed industry, but
also in silage. This can be in the form of bacterial inoculants (lactic acid bacteria) with enzymes,
organic acids and sugars. One example is Feedstore, a product imported by Agriprom. The enzymes
ensure the availability of sufficient sugars for the lactic acid bacteria (Agriprom, 2008). Another
example is Sill-All 4 x 4®, which is also a mixture of a number of bacteria species and four
enzymes.
Within the framework of this investigation it was not possible to determine which enzymes are added
to these products, but they are probably cellulase enzymes, which convert cellulose from the cell walls
of plant material into sugars. All commercially available cellulase enzymes, except one, are of nonGMO origin (see Annex 7).
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4.

Conclusions and possible solutions

4.1

Conclusions

1. Lack of transparency
It proved to be difficult to compile an inventory of current and future obstacles related to the
availability of non-GMO additives and processing aids for organic food and feed production. A few
databases have been developed to give more insight into the supply of GMO and non-GMO
ingredients, additives and processing aids, but the information in these databases is either very general
(TransGen) or incomplete (InfoXGen). Compiling such a database is indeed difficult, because the
content is limited to the information manufacturers want to reveal. Transparency is lacking among
many manufacturers and suppliers. Some manufacturers do publish a list of all their commercial
products made using GMOs, but in most cases this kind of information is not made available to the
public.
2. Reliability of non-GMO declarations
If specific information is not made available, the buyer is dependent on the willingness of the supplier
to provide a non-GMO declaration. However, these non-GMO declarations have proven to be
unreliable in some cases. Compilation of concrete overviews of GMO and non-GMO products is also
hampered by the fact that many products are compounds (of various enzymes for example).
3. Potentially large number of GMO products on the market
Nowadays many vitamins, amino acids, flavourings and enzymes can in principle be made with the
help of GMOs. It is not always clear whether producers are in fact choosing this option, but various
large companies such as DSM-Roche, Novozymes, Genencor-Danisco, BASF and Adisseo are
definitely applying GMO production processes on a commercial scale. A large part of this production
takes place in China.
Due to the lack of transparency, only a fragmented picture can be drawn of GMO and non-GMO
additives and processing aids at product level. For this reason it is not always possible in specific
cases to establish with certainty whether a problematic situation has arisen for the organic sector.
4. Some clear obstacles
Nevertheless, we have been able to identify clear obstacles in a limited number of cases. These are:
• Vitamin E (E306) or Tocopherol, which is extracted from soy oil. Tocopherol is an approved
additive for animal feeds and diet food. ADM, an important producer of tocopherol, refuses to
issue GMO-free declarations. But if tocopherol is extracted from GMO soy, this must be indicated
on the label.
• Vitamin B2 for use in animal feeds. Vitamin B2 is primarily produced by DSM, BASF and a few
Chinese manufacturers, which make use of fermentation based on GMOs. A few small companies
supply vitamin B2 with a non-GMO declaration for food use mainly.
• The situation is unclear with respect to amino acids permitted for use in special foods.
• Only GMO variations are available of a few of the enzymes used in food production, such as
chymosin and asparagin. However, these enzymes are either not essential or alternatives are
available for them. In place of chymosin, for example, a manufacturer can still use the classic
lebferment or conventional microbial renets.
• The enzyme phytase, which improves the availability of phosphorus in non-ruminants feeds, is
only available in a GMO variant. A non-GMO alternative is available in principle, but it is a blend
of various enzymes that is currently blocked by EU authorisation requirements. So for now, the
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best available alternative is for feed companies to continue adding phosphorus to poultry and pig
feeds.
For some enzymes, only GMO variants are commercially available.
Considering current developments in global GMO soy bean cultivation, it is not unthinkable that the
availability of non-GMO lecithin will become problematic in the (near) future. Lecithin is only added
in small amounts as an emulsifier to products, but a relatively large amount of soy (oil) is needed to
produce a small amount of lecithin. In February 2008, there was only one manufacturer of organically
certified lecithin in the world, and this company could already barely satisfy demand.
4.2

Possible solutions

Various solutions to the noted obstacles are possible, including the following:
1. Use of a specialised questionnaire in issuing non-GMO declarations.
2. Organic certification of suppliers of premixes and semi-manufactured products.
3. Organic production and certification of additives wherever possible.
4. Further investigation of alternative sources of additives.
5. Agreement between (legal) requirements for the use of GMO-free claims and those for organic
products.
6. Adapted authorisation requirements for complex, natural enzyme blends.
7. Compilation of a detailed database with non-GMO products and their suppliers.
8. Special measures for processing aids or additives of which non-GMO variants are no longer
available.

4.2.1 Use of a specialised questionnaire in issuing non-GMO declarations
Various generic non-GMO declarations are currently in use that refer to the EU legislation (Directive
2001/18/EC for the definition of GMOs and Regulation 2092/91/EC or Regulation 834/2007/EC for
the scope of the ban on the use of GMOs). An example is the standard declaration created by
InfoXGen (see Annex 2.1). As a further elaboration of EU Regulation 834/2007, the European
Commission proposed implementation rules for the “prohibition on the use of GMOs and products
derived from them”. A model for a non-GMO declaration is included in Annex XIII of the Regulation
(see Annex 2.2 for the proposed implementation rules). In the declaration reference is made to
definitions for “produced from” and “produced by GMOs” provided in the Regulation. It would be
clearer if the definitions themselves were included in the declaration.
Such declarations can be used for all possible GMOs and are sufficient in a strictly legal sense. The
disadvantage is that the questions are so general that it is not clear to manufacturers and suppliers
exactly what information is expected from them. Moreover, the information being requested may
actually be irrelevant. In some cases it is unclear which stages of the production process the non-GMO
declaration pertains to; and it may only be relevant to know whether a GMO is used, not which
specific type of organism was used.
In practice, non-GMO declarations are sometimes written by the suppliers themselves and provide
insufficient or unclear information. Non-GMO declarations can even contain nonsensical information
(see chapter 3, point 3). The value of such declarations is questionable.
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Example of a questionnaire for the issuance and monitoring of non-GMO declarations for
additives and processing aids
1

Is your product the result of (chemical) synthesis, fermentation or any other process? (please tick
yes or no)
Answer a. (chemical) synthesis: # yes # no
b. fermentation: # yes (please go to question no. 2); # no (pleasego to question no. 3)
c. other process: # yes # no (please specify)
2
Are the micro-organisms used in the fermentation process GMOs1?
Answer
3
Does the product contain GMO substances?
Answer
4
Does the product contain any substance derived or manufactured from2 GMOs?
Answer
5
Is your product manufactured with the help of processing aids produced with3 GMOs?
Answer
6
Is there any GMO substance or GMO-derived substance used in any prior process step to
manufacture your product or any substance in your product?
Answer
Signature, name, date and stamp:
1

The definition of ‘Genetically modified organism (GMO)’ is that given in Directive 2001/18/EC of the European
Parliament and of the Council of 12 March 2001 on the deliberate release into the environment of genetically modified
organisms and repealing Council Directive 90/220/EEC (5) and which is not obtained through the techniques of genetic
modifications listed in Annex I.B of that Directive*.
2

‘Produced from GMOs’ means derived in whole or in part from GMOs but not containing or consisting of GMOs.

3

‘Produced with GMOs’ means derived by using a GMO as the last living organism in the production process, but not
containing or consisting of GMOs nor produced from GMOs.

* Techniques of genetic modification referred to in Article 2(2)(a) of Directive 2001/18/EC are inter alia:
(1) recombinant nucleic acid techniques involving the formation of new combinations of genetic material by the insertion
of nucleic acid molecules produced by whatever means outside an organism, into any virus, bacterial plasmid or other
vector system and their incorporation into a host organism in which they do not naturally occur but in which they are
capable of continued propagation;
(2) techniques involving the direct introduction into an organism of heritable material prepared outside the organism
including micro-injection, macro-injection and micro-encapsulation;
(3) cell fusion (including protoplast fusion) or hybridisation techniques where live cells with new combinations of heritable
genetic material are formed through the fusion of two or more cells by means of methods that do not occur naturally.
Techniques referred to in Article 2(2)(b) of Directive 2001/18/EC which are not considered to result in genetic
modification, on condition that they do not involve the use of recombinant nucleic acid molecules or genetically modified
organisms made by techniques/methods other than those excluded by Annex IB:
(1) in vitro fertilisation,
(2) natural processes such as: conjugation, transduction, transformation,
(3) polyploidy induction
Techniques/methods of genetic modification referred to in Article 3 of Directive 2001/18/eEC yielding organisms to be
excluded from the Directive, on the condition that they do not involve the use of recombinant nucleic acid molecules or
genetically modified organisms other than those produced by one or more of the techniques/methods listed below are:
(1) mutagenesis,
(2) cell fusion (including protoplast fusion) of plant cells of organisms which can exchange genetic material through
traditional breeding methods.
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If any of the questions 2 through 6 have to be answered with a ‘yes’, the product CANNOT be
considered non-GMO accorrding to the definitions of EU Regulation 834/2007 and thus cannot
be authorised for use in organic agriculture or food.
Explanation:
1. If the correct answer is ‘(chemical) synthesis’, the product is automatically non-GMO. If the
correct answer is ‘fermentation’, further questions are required. If the answer is ‘any other
process’, further explanation or a description is necessary.
2. Here the respondent is asked about the (non-)GMO character of the production organisms used.
3. Here the respondent is asked whether the product contains a GMO or part of a GMO.
4. Here the respondent is asked whether the product has components that were produced from a
GMO, such as soy oil.
5. Here the respondent is asked whether processing aids produced with the help of GMOs were
used in the process, such as enzymes in bread mix.
6. Here the respondent is asked whether use was made of GMOs in previous steps in the
production process, such as in the procuction of vitamin C that is added by a manufacturer to a
premix.
To prevent any confusion or misunderstandings, it would be better for the manufacturer, authorising
authority and buyer to use a questionnaire directed more specifically to the product category in
question, in this case fermentation products. Such a questionnaire would be intended for the issuance
and monitoring of non-GMO declarations that are specifically applicable to fermentation products, but
also relevant for additives and processing aids. An example of such a questionnaire is provided above.
Based on collaboration between the monitoring authority and manufacturers/suppliers, a practical and
usable questionnaire could be developed that would provide more reliable results.

4.2.2 Organic certification of suppliers of premixes and semi-manufactured products
Requesting and monitoring GMO-free declarations is a heavy burden for many organic manufacturers.
Moreover, suppliers often refuse to provide such declarations. This problem could be avoided if a
supplier of premixes, for example, were certified by the control body/authority for the production of
“non-agricultural ingredients that are suitable for use in organic agriculture”. To satisfy the
requirements of EU Regulation 834/2007, this manufacturer would have to demonstrate that the
ingredients of non-organic origin are non-GMO. The fact that the supplier is certified would then
provide a sufficient guarantee for the buyers that the requirements for organic production are being
met.

4.2.3 Organic certification of additives
Organic production and certification is also a possible solution for additives of agricultural origin,
such as lecithin produced from organically grown soy. Aside from potential problems with the
availability of non-GMO lecithin in the future (see chapter 4.1), an additional argument in favour of
this step could be that chemical extraction agents (hexane) and bleaches are being used in the
production of conventional lecithin.
Tradin NV (www.tradinorganic.com), established in the Netherlands among other places, imports
organic soy oil and soy meal from Bolivia, Paraguay and China. According to Tradin, Clarkson Grain
Company, Inc., USA, (http://www.clarksongrain.com/) is currently the only supplier of certified
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organic soy lecithin in the world. However, in February 2008 Clarkson announced that this product
was sold out of (statement by Wouter Floot, Tradin, February 2008).
The availability of sufficient organic soy is thus an obstacle. Since not enough organic soy is produced
in the US to satisfy Clarkson’s demand, the company has been forced to import about 50% of its soy,
and that is more expensive than using soy produced in the US. Until recently, this imported soy came
from China. As a result of various scandals involving imports from China, the American authorities
now require many additional safety tests. Chinese imports have thus become so expensive that the
company has switched to importing organic soy from South America. So far no more than 0.1%
genetically manipulated soy has been found in test samples (using PCR analysis).
The price of organic lecithin is significantly higher than the price of conventional lecithin, and,
according to a spokesperson for Clarkson, that could be one of the reasons the processing industry
does not support the idea of making the use of certified organic lecithin mandatory. In early 2008,
conventional non-GMO lecithin cost about ! 2.65/kilo, while organic lecithin cost ! 18.70/kilo (in a
package of 200 kg). This difference is due not only to the higher price of raw materials, but also a 50%
lower efficiency in processing. In organic lecithin production, it is not permitted to use hexane as an
extraction agent nor a few other chemicals for further processing. This also makes it impossible to
produce lecithin in powder form, which is what some buyers want. One should keep in mind that food
products normally contain no more than 0.5 – 2% lecithin, so the effect of this difference on the final
product price is quite small (between 8 and 32 euro cents per kg of product).
An internet search for suppliers of organic soy lecithin led, aside from Clarkson Grain, also to Mudar
India Exports, India (http://www.mudarindia.com/products.html). In February 2008, Mudar India
Exports was still in the process of initiating certified organic production of lecithin. Until then, Mudar
had primarily marketed organic mint oil, and was in the process of expanding its activities.
Menawhile, Mudar is able to supply a range of products, including organic soya oil and lecithin
(outsourcing products). A spokesperson for the company reported that the volume of organically
cultivated soy in Central India is sufficient for the production of organic lecithin (verbal statement,
Mudar, February 2008).
Before mandating the use of certified organic lecithin, regulatory authorities and organic producers
should consider:
• The current and future demand for lecithin for organic products;
• What effect the higher costs of lecithin have on this demand;
• How much certified soy is needed to produce the desired amount of lecithin; what this means for
the total demand for organic soy (including soy milk, tofu etc.); and how this relates to the current
area under organic soy cultivation.
• What the production of such an amount of lecithin would mean for the supply of organic soy oil
and soy flour. A huge volume of oil is in fact needed to make a substantial amount of lecithin, and
the production of soy oil goes hand in hand with the production of soy flour.
The production of lecithin encompasses many processing steps and is very capital intensive. For this
reason, the Tradin employee does not see much of a future in switching to certified lecithin (statement
Wouter Floot, Tradin, February 2008).

4.2.4 Alternative sources for additives
For feeds, the availability of non-GMO vitamin B2 seems to be the greatest obstacle. A possible
alternative source for the B-vitamins is brewer’s yeast extract (Saccharomyces cerevisiae). Leiber
GmbH in Germany produces a dried brewer’s yeast product that contains 28 mg of vitamin B2 and
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520 micrograms of vitamin H (B6) per kg of product. This company also produces a broth that
contains (depending on product type) 43 (37) mg of vitamin B2 and 1230 (770) micrograms of vitamin
H per kg of extract. It also contains various amino acids and other vitamins and is rich in protein
(Leiber, 2007). Further research will have to determine whether:
* B vitamins in this form satisfy the technical requirements for use in premixes;
* how this would impact the price of premixes and feeds.

4.2.5 Agreement between requirements for the use of GMO-free claims and those for
organic products
The EU member states have varying rules for the use of GMO-free declarations, and these are often
stricter than the demands for organic products. For example, the claim ‘produced without
biotechnology’ may not be used in the Netherlands if a substrate originating from GMO maize is used
in a fermentation process. In the organic sector it is sufficient if the micro-organism used is not a
GMO. The type of substrate is not considered because this would be too difficult to monitor. In some
cases it is also prohibited to use veterinary vaccines based on GMOs, even though this is allowed by
the EU Regulation for organic production.
In general, regulators have chosen to apply strict requirements to ensure that consumers are not
confronted with an array of ‘biotech free’ claims that could be confusing or considered misleading.
However, in practice, the strict requirements have kept most producers from making use of such
claims. Qualitative research into what Dutch people think about GMO-free chains has shown that they
generally lack sufficient insight into the complexity of today’s food manufacturing industry to make
informed judgements about how processing aids are manufactured, and whether or not GMOs should
be used in these processes. Consumers expect the organisations that represent them to decide on their
behalf, in collaboration with the government and manufacturers, on what can or cannot be designated
as biotech free. Further research could reveal whether the lines that have been drawn for organic
manufacturing meet consumers’ expectations.
If that is the case, then it would seem reasonable to relax the requirements for the use of the 'biotech
free' claim such that they correspond to the requirements for organic products. This change would
create an additional market outlet in the conventional sector for suppliers of raw materials and semimanufactured products that currently satisfy the requirements for the organic sector.
If this is not the case, however, then further research could be done to determine which adjustments to
the regulations/manufacturing processes are necessary and possible in order to satisfy expectations and
to exclude, for example, the use of GMO substrates in fermentation processes. It should be kept in
mind that stricter demands will in practice make it more difficult to satisfy the requirements for the
organic sector and will be resisted by member states that currently have less strict or no rules for
'GMO-free' declarations.
Before the requirements for ‘GMO-free’ declarations can be made to agree with those of organic
production, more research is needed into:
* What consumers think about the established requirements for organic products with respect to the
use of GMOs and their expectations with respect to ‘biotech-free’ products;
* Manufacturers’ interest in the use of ‘biotech-free’ claims if requirements were tightened or relaxed
and the impact such changes would have on the market outlets for ‘biotech-free’ raw materials and
semi-manufactured products;
* The effect such changes would have on prices and the possibilities for manufacturers/suppliers to
satisfy the requirements.
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4.2.6 Adapted authorisation requirements for complex, natural enzyme blends
Current European regulations for the authorisation of feed additives are focused on the evaluation of
simple substances. However, when solid state fermentation is used, this normally results in complex
blends. A product manufactured by Alltech, for example, contains not only the enzyme phytase, but
also amylase, beta-glucanase, protease and xylanase. To obtain authorisation for such complex blends,
manufacturers are required to submit a dossier for each individual component. The work and costs
involved make it practically impossible to bring such complex products onto the market. For this
reason, possibilities could be sought to develop adapted authorisation protocols for such products.
A similar question is at issue in EU regulations relating to the authorisation and safety evaluation of
micro-organisms for use in food and feed. In December 2004 a large number of scientific experts
came together by invitation of the European Safety Authority (EFSA) to discuss the 'Qualified
Presumption of Safety’ (QPS) for the use of micro-organisms (starter cultures) in food and feed. No
EU regulations apply to the use of these starter cultures. It is simply assumed that they have a history
of safe use. The objective of EFSA was to come up with a standardised protocol that would
incorporate a more scientific basis for this assumed safety. The problem in this case is that many
starter cultures used in the (sometimes traditional) preparation of cheese and sausage, among other
products, contain a number of different micro-organisms. It is not always known exactly which microorganisms are present, and the microbial composition of traditional starter cultures is seldom
consistent. Subjecting such starter cultures to the same protocols as simple, well-defined microorganisms used on an industrial scale could create problems for a large number of traditionally
produced, often regional, products. The experts thus recommended that EFSA focus first on simple,
well-defined cultures (Heimbach, 2004; European Commission, 2003b). EFSA eventually decided to
focus on those micro-organisms whose use can potentially pose the greatest safety risks. It also
decided to make a generic evaluation of taxonomic groups of micro-organisms, such as per genus
(EFSA, 2007).

4.2.7 Detailed database of non-GMO products
InfoXGen was established as a databank of biotech-free ingredients and products for the organic
agriculture sector (InfoXGen, 2008). Closer inspection revealed that InfoXGen focuses heavily on the
Austrian, Swiss and German markets.
As part of this research an attempt was made to make a detailed inventory of the availability of nonGMO additives and processing aids. Such an inventory could form the basis for a database that would
be freely available to organic manufacturers.
Chapter 2 of this report discusses the methodology used and the obstacles that were encountered.
Novozymes, a large enzyme producer from Denmark, is highly transparent and has published a list of
GMO enzymes on its website. In early 2008, DSM also started posting a list on its website indicating
for every type of enzyme whether a classic, self-cloned or genetically modified micro-organism is
used. With some effort this list can be used to identify the links between enzymes and the commercial
products produced by DSM. In other cases information from various literature sources and
manufacturers have to be brought together. The success of such an approach depends on the
willingness of the manufacturers to supply the requested information, and this approach is also
extremely time consuming. Within the time frame of this investigation, this approach resulted only in
an incomplete overview of GMO and non-GMO enzymes.
It is most likely impossible to ever create a comprehensive list in this manner, and the value of a
detailed but incomplete database is debatable.
Moreover, it should be kept in mind that the compilation of such a database is a never-ending task;
changes in the supply necessitate frequent and regular updates.
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4.2.8 Special measures for the use of processing aids or additives for which non-GMO
variants are no longer available
In January 2008 the German government decided to allow the use of GMO additives in products
labelled 'ohne Gentechnik' if non-GMO alternatives were no longer available. That decision was more
or less justified by the possibility that similar exceptions would be made in the future for the use of
GMO additives in organic production. Regulation 834/2007, which will go into effect on 1 January
2009, does indeed offer some room for a more flexible approach.. This flexibility is further
demonstrated in Chapter 5 of the Regulation. The European Commission can grant exceptions to the
established production rules where it is necessary to use food additives, technical processing aids,
flavourings, preparations of micro-organisms and enzymes, vitamins, as well as amino acids and other
micro-nutrients in foodstuffs with particular nutritional uses, or feed additives and processing aids,
and such substances are not available on the market other than produced by GMOs (Article 22,
paragraph 2, sub-paragraph g). However, these exceptions will always be kept to a minimum and will
be granted only for a temporary period. If non-GMO additives or processing aids are insufficiently
available, one could consider making use of this ‘escape clause’ and requesting a temporary
authorisation for the use of certain additives or processing aids of GMO origin, until a suitable
alternative has been found. However, such an exception is only possible if it is supported by a
qualified majority of the European member states (Decision 1999/468/EC, article 5). This is not likely
to happen in the near future.
According to the Dutch chain organisation Biologica, this article is controversial within the organic
sector, because it forfeits the biotech-free status of organic food. Biologica is also concerned that this
article will have a limiting effect on the development of non-GMO additives and processing aids, such
as the B vitamins in feed or – in the future- the further development of certified organic additives of
agricultural origin.
If it is known that GMO variants of certain substances are no longer available, the use of such
substances could eventually be banned. This would allow the sector to retain its status as a trusted
manufacturer of biotech-free products and it would possibly stimulate the search for alternatives.
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Annex 2: Examples of non-GMO declarations
Annex 2.1: The InfoXGen model
Contractual compliance agreement to the prohibition of genetically modified organisms
as contained in the current version of Council Regulation 2092/91EWG
Producer/supplier:
Name: .............................................................. Tel./Fax: .............................................................................
Street: .............................................................. e-mail: ......................................................................
Postal code/city: ................................................. Country: ......................................................................
We hereby confirm for the products listed either below or in appendix:

Precise product description :

Article number
With the contained components:

Written compliance

Last organism(s) capable of reproduction**

present*

* please mark
** please include the organisms last used for the manufacturing process for all substances contained in the product.

(a) That this (these) product(s) is/are neither a genetically modified organism (GMO) itself, nor does it/do they
contain any such organisms,
(b) and that this (these) product(s) neither consist(s) of GMOs, nor is it/are they manufactured from GMOs. We
have no knowledge of any information that would implicate that this statement is incorrect.
(c) We are in possession of a written compliance agreement from the producer of each individual component
contained in this (these) product(s), confirming points (a) and (b) to the same extent and with the same
content. These agreements are in our files and are neither expired nor withdrawn.
Consequently, the product(s) named above fulfil(s) the requirements of the current version of the EU Council
Regulation Nr. 2092/91 in terms of the prohibition of GMOs (see back: excerpt from the regulations contained in
the current version of the EU Council Regulation Nr. 2092/91) as well as the interpretation thereof attached to
this agreement.
A specification of the exact composition of the product(s) named above is enclosed with this agreement.
With this agreement we are committed to make an immediate declaration of change, correction or withdrawal to
our customers/buyers as soon as any departure from the facts contained in this agreement or the agreements of
our suppliers or service providers should occur.
We authorize our customer’s/buyer’s inspection board or an independent institution named by the inspection
authority to verify the validity of our statement and to take samples for analysis if necessary.
This contractual agreement is valid up to one year from date of issue. The signatory is liable for the accuracy of
the statements made in this agreement.
……………………………….…………………………..……………………………….
Country/city/date

ANNEXES
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Company stamp
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Annex 2.2: Concept of a model for a non-GMO declaration to be included in annex
XIII of Regulation 834/2007/EC
Vendor declaration according to Article 9(3) of Council Regulation (EC) No 834/2007
Name, address of vendor:

Identification (e.g. lot or stock number):

Product name:

Components:
(Specify all components existing in the product/used the last in the production process)
……………………………………
……………………………………
……………………………………
……………………………………
……………………………………
I declare that this product was manufactured neither "from" nor "by" GMOs as those terms are used in
Articles 2 and 9 of Council Regulation (EC) No 834/2007. I do not have any information which could
suggest that this statement is inaccurate.
Thus, I declare that the above named product complies with Article 9 of Regulation (EC) No 834/2007
regarding the prohibition on the use of GMOs.
[I undertake to inform our customer and its control body/authority immediately if this declaration is
withdrawn or modified, or if any information comes to light which would undermine its accuracy.]
I authorise the control body or control authority, as defined in Article 2 of Council Regulation (EC)
No 834/2007 which supervises our customer to examine the accuracy of this declaration and if
necessary to take samples for analytic proof. I also accept that this task may be carried out by an
independent institution which has been appointed in writing by the control body.
The undersigned takes responsibility for the accuracy of this declaration.

Country, place, date, signature of producer:

Company stamp of producer (if appropriate):
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Annex 3: Vitamins and production methods (Muth, 1999)
Vitamin

Natural sources

Synthesis

Fermentation

Extraction

Main producers

A (retinoid)

Animal tissue, particularly liver. As

Principally

Is possible but

In small quantities

DSM- Roche, BASF, Rhone Poulenc

No

DSM-Roche, Takeda, Chinese state

carotenoids or pro vitamin A in

unusual

plants. In the human body, pro
vitamin A is converted into vitamin
A
B1 (thiamin)

cereals, meat products, vegetables,

Yes

No

milk, fruits

owned companies

B2

Milk, eggs, malt, liver, kidneys, leaf

(riboflavin)

vegetables, yeast

Yes

Mainly feed

No

DSM-Roche, BASF, ADM, Takeda,

B3 (niacin)

Meat and fish

Yes

No

No

Lonza, Vitachem, Nepera, Yuki Gosei

B6

Practically all foods

Yes

No

No

DSM-Roche, Takeda, Daiichi, Chinese

Chinese state owned companies

state owned companies
B12

Fish, dairy products, red meat,

(cobalamin)

eggs, organ meat

B5

Practically all foods

No

Yes

Not efficient

Rhone-Poulenc (> 80%), Rousell Uclaf,
Gedeon Richter, Nippon Petrochem.

Yes

No

No

(pantothenic

DSM-Roche, Daiichi, BASF, Alps,
Terapia, Polfa

acid)
B7 (biotin,

Practically all foods, especially

vitamin H)

milk and cheese

Principally

Yes

No

DSM-Roche, Takeda, Sumica Fine
Chemicals, Kongo, Changzou Pharma,
Changsu Huangang Pharma

B9 (folic

Leaf vegetables, liver, kidney,

acid)

mushrooms, yeast

C (ascorbic

Fresh fruits and vegetables, fresh

acid

tea leaves

Yes

No

No

DSM-Roche, Tanabe, Sumimoto, Merck,
Il Sung. Lonza, BASF

Yes

Yes

No

DSM-Roche, Dalry, Belvedere, Takeda,
Osaka, Wilmington, Merck, Darmstadt,
BASF, Grenaa, Pliva, Zagreb, Chinese
state owned companies

D

Produced by the human body under

(calcipherol)

the influence of sunlight. Present in

Principally

Yes, D3

In small quantities

Solvay-Duphar, DSM-Roche, BASF,
Synthesia

cod-liver oil and edible oils
exposed to UV light
Yes, in feed

No

Yes

From natural sources: ADM, Henkel

E

Vegetable oils, especially from

(tocopherol)

wheat germs, maize, sunflower,

Synthesis: DSM-Roche, Rhone-Poulenc,

rape and soy

Eisai

K

Higher plants, green and blue algae,
liver, cheese, bacteria

ANNEXES

Yes

No

No

DSM-Roche, Merck, Eisai, Nisshin
Chemical
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Annex 4: Amino acids and their applications in food and feed (Transgen, 2008)
Application
Amino acid

Characteristics

Production

Food

Feed

Cysteine

Semi essential amino

Produced from protein sources

Increased volume, elasticity and shelf-life

??

acid that can be

that are rich in cysteine, such as

of dough.

synthesised by humans.

human hairs, feathers and pig

Preparation of meat flavours (in

May be essential for

breasts.

vegetarian products) and intensifying

infants, the elderly, and

Wacker Chemie (Germany)

flavours.

individuals with certain

produces cysteine with GM E.

Dietary products

metabolic disease

coli

Glutamic acid (E620) Production of body
proteins

Soy protein, algae, wheat, meat.

Flavour enhancers (as salts): 90% as

GM production methods are

monosodium glutamate (E621), as mono

becoming predominant.

potassium glutamate (E622), mono
calcium diglutamate (E623), ammonium
glutamate (E624) and magnesium
glutamate (E625)

Leucine

Essential amino acid

Can be produced with GMMOs

Sodium and potassium salts as flavour

but not clear to what extent

enhancers

Mainly in chicken feed

Dietary products
Lysine

Essential amino acid

With microorganisms. BASF uses Flavour

Alternative for animal meal,

bacteria with increased

especially in chicken feed

Dietary products

productivity as a result of

Essential for pigs

mutagenesis (non GMMO)
Methionine

Essential amino acid,

Chemical synthesis. Fermentation

available in practically all methods are under development,
plants and animals

Flavour

Mainly in chicken and

Dietary products and clinical foods

turkey feed

possibly already applied but
specific information is lacking.

Phenylalanine

Essential amino acid

In The United States Monsanto

Flavour

has been using phenylalanine

Dietary products and clinical food

produced with GMM E. coli for
years

Is one of the ingredients (with aspartic
acid) for aspartame production.
Aspartame is an artificial sweetener that is
on the market since the 1980’s. Aspartame
is applied in a large number of products

Threonine

Essential amino acid,

World-wide production with

Flavour (broth flavour)

Mainly in chicken and

mainly available in meat,

GMMOs

Dietary products and food supplements

turkey feed

Can be produced with GMMOs

Dietary products and food supplements

Yes

milk, eggs and wheat
Tryptophan

Essential amino acid

but unclear to what extent
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Annex 5: Enzymes and their applications (Transgen, 2008 and several other sources)
Applications
Enzyme

Mode of action

Food

Feed

Acetolactate decarboxylase

Degradation of diacetyl (butter flavour)

* Brewery

none

(alpha)

in beer

Aminopeptidase

Enzymatic digestion of proteins, which
changes the flavour profile, increased

* Cheese, soups, dairy, fish, meat, egg products,
herb mixes & flavours

cheese ripening
Amylase: alpha amylase, beta Breaks down starch into sugars

* Bakery products (bread volume), liquors (alcohol, * Improved availability of

amylase, glucoamylase or

(glucose, fructose, maltose, malt sugar)

beer), vegetables & fruits, cereals & starch,

starch, improved nutritional

amyloglucosidase

or special types of starch (dextrin)

confectionary, sugars (glucose and fructose

value

syrup); functional change of starch for dough
improvement
Arabanase

Breaks down arabinose, a
monosaccharide that can cause

* Fruit juices, especially pear juice (rich in

none

arabinose)

cloudiness in fruit juices a few weeks
after concentration
Arabinofuranosidase

A hemicellulase, enzymatic digestion

* See hemicellulase

none

of hemicellulose
Asparaginase

Avoids formation of acryl amide during * Potato products (chips) and salty biscuits

none

heating of products rich in starch
Catalase

Decomposition of hydrogen peroxide to * Preservation, in combination with glucose
oxygen and water

none

oxydase, especially in mayonnaise and egg
powder.
* Quality analysis of dairy products

Cellulase

Cellulose degradation

* Increased yield from fruits during pressing

Often used in combination with

(juices). Production of liquors, tannin and flavour

amylase, glucanase, xylanase or

extraction from grape peels in wine production,

hemicellulase

* Improved availability of
vegetable components

hydrolysis of cellulose during coffee bean drying

Chymosin

Enzymatic digestion of proteins

* Cheese production, coagulation of milk

none

Cyclodextrin

Breaks down glucose into cyclodextrins * Dextrin as carrier material in flavours,

none

glucanotransferase

stabilisation of non-fatty colorants such as annatto
and carotenoids, reduction of aftertaste in
sweeteners

Phytase

none

* Improved availability of
phosphorus

Galactosidase (alpha)

Degradation of lactose in milk and

* Dietary products

* Improved nutritional value

* Dietary products

none

* Brewery (stops filters from clogging), decanting

* Improved nutritional value

plants
Galactosidase (beta)

Degradation of lactose in milk and
plants

Glucanase (beta)

Degradation of glucans, starch-like
components (polysaccharides), inter

must and improved filtering in wine production

alia barley
Glucose isomerase

Breaks down glucose into fructose

* Increased sweetness of syrups for applications in

Glucose oxidase

Breaks down glucose into gluconic

* Egg products (egg powder, mayonnaise),

none

lemonades and other products

acids

none

improved elasticity and stability of dough,
extraction of oxygen in beer and wine production

Hemicellulase
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* Improved stability and mechanical processing,
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Applications
Enzyme

Mode of action

Often applied in combination

Food

Feed

volume, consistency and tenability of dough.

with amylase, glucanase,

* Production of fruit juices.

cellulase or xylanase)

* Improved availability of wheat components for
alcohol production.
* Improved of the extraction of tannins and flavours
in wine production.

Hexose oxidase

Breaks down different sugars into

* Improved stability of dough and volume of bread.

lactose and hydrogen peroxide

* Increased tenability of cheese (e.g. Mozzarella)

none

and reduced browning of pizza during baking
process
* Improved clotting in cheese and tofu production.
* Reduction of undesired oxygen compounds in
dressings and sauces
Inulase

Degradation of sugar (saccharose) into
glucose and fructose

Laccase

Degradation of phenols in chinone and
water

* As invert sugar in confectionary to avoid

none

undesired sugar crystals (marzipan, chocolates).
* Creation of peppermint flavour in peppermint

none

and chewing gum.
* Avoid certain flavours in beer.
* Removal of phenols from the must of wine.
* Browning of coffee, tea, cacao

Lactase of Galactosidase

Degradation of milk sugar (lactose)

(beta)

into galactose and glucose

* Intensifying the sweet taste of milk in ice cream

none

and chocolate, also improved consistency.
* Production of lactose-free products.
* Degradation of whey in syrup with honey-like
taste.

Lipase

Degradation of fats into fatty acids

(only few applications in

* Improved flavour development in cheese during

none

ripening.

Foods yet)

* Production of infant formula with specific fatty
acid composition.
* Production of flavours.
* Adjustment of fatty acid composition for health
reasons.
* Improved quality of dough, bright crust, soft
texture.
* Preservation of colour in pastas.

Pectinase and pectinesterase

Degradation of pectin

* Increased pressing efficiency in production of

none

juices and concentrates from fruits and
vegetables.
* Production of colorants from plant material and
citrus flavours.
* Decanting must in wine production.
Protease

Degradation of proteins

* Improved quality of dough, improved properties

* Additive in pet foods

for mechanical processing (crackers).
* Production of flavours form vegetable and animal
proteins, production of sauces (soy sauce) and
extract from yeast
* Optimisation of taste in cheese and dairy.
* Improved consistency of fish products, tendering
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Applications
Enzyme

Mode of action

Food

Feed

of meat and preparation of meat extracts.
* Stabilisation of beer (cold).
* Production of hypo allergenic foods.
Pullulanase (usually

Degradation of large polysaccharide

* Production of glucose syrup from starch.

combined with other

molecules (starch)

* Bakery

enzymes)

* Brewery

Xylanase (belongs to the

Degradation of xylan

group of pentosanase)

* Improved quality of dough, improved properties
for mechanical processing, improved volume and
stability of the crust.
* Improved availability of barley components in
brewery.
* Production of vegetable and fruit juices

Always GMO-origin

ANNEXES

none

Always non-GMO-origin

* Improved availability of
vegetable components
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Annex 6: Enzymes produced by some of the larger enzyme producers and their GMOorigin
Annex 6.1: Novozymes enzymes produced with GM
micro-organisms

Application

Type of enzym

Trade name

Alcohol production

Glucoamylase

Saczyme®
SAN Extra®

Glucoamylase / Alpha-amylase / Protease

SAN Super 360L®

Glucoamylase

Spirizyme®

Cellulase / Xylanase / Betaglucanase

Fishcoferm®

Alpha-amylase / Xylanase

Fungamyl® Super MA

Glucose oxidase

Gluzyme® Mono

Lipase

Lipopan®

Maltogenic amylase

Novamyl®

Carbohydrase / Lipase

Novozym® 27080

Xylanase

Pentopan® Mono

Glucoamylase

Attenuzyme®

Alpha-amylase / Protease / Betaglucanase

Ceremix® Plus

Alpha-amylase / Protease / Betaglucanase

Cerezyme Sorghum®

Alpha-acetodecarboxylase

Maturex®

Protein hydrolysis

Xylanase

NOVOZYM® 27122

Oils and fats

Lipase

Lipozyme®

Bakery

Brewery

Lecitase® Novo
Lecitase® Ultra
Pasta / Noodles

Lipase

Noopazyme®

Fruit juice production

Glucoamylase

Amylase® AG XXL

Glucoamylase / Polygalacturonase / Cellulase

Biocip® Membrane

Polygalacturonase

Novozym® 33081

Pectinelyase / Polygalacturonase

Pectinex® XXL

Pectin lyase

Pectinex® BE XXL
Pectinex® SMASH
XXL

Polygalacturonase

Pectinex® YieldMASH
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Application

Type of enzym

Trade name

Fruit processing

Pectinesterase

Novoshape®

Meat processing

Protease

NovoCarne® Tender
Novozym® 37020

Starch

Dairy

Feed

Pullulanase / Amyloglucosidase

Dextrozyme®

Phospholipase

Finizym® W

Alpha-amylase

Liquozyme®

Maltogenic amylase

Maltogenase®

Pullulanase

Promozyme® D2

Xylanase

Shearzyme®

Alpha-amylase

Termamyl®

Transferase

Toruzyme®

Phospholipase

Novozym® 46016

Cellobiose oxidase

Novozym® 46019

Lipase

Palatase®

Xylanase

Bio-Feed® Wheat

Phytase

Bio-feed® Phytase

Source: (Novozymes, 2008)

ANNEXES
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Annex 6.2.

DSM enzymes (DSM, 2008)

I: conventional micro-organism; II: homologous or self-cloned GMMO (genetically modified microorganisme); III heterologous GMMO

Product

Production-organism

I

II

III

Food

Alpha-amylase

Bacillus amyloliquefaciens

!

!

!

Alpha-amylase,
thermostabiel

Bacillus licheniformis

!

!

!

Amylase, acid

Aspergillus niger

!

!

!

Amylase, fungal

Aspergillus oryzae

!

Amylomaltase

Bacillus amyloliquefaciens

Arabanase

Aspergillus niger

!

Arabinofuranosidase

Aspergillus nger

!

Asparginase

Aspergillus niger

Bèta-galactosidase

Aspergillus nger

!

Bèta-glucanase

Bacillus amyloliquefaciens

!

Talaromyces emersonii

!

!

Trichoderma reesei

!

!

!
!

!
!

!

!

!

!
!

!

!

!

!

Carboxypeptidase

Aspergillus niger

Cellulase

Trichoderma reesei

Chymosin

Kluveromyces lactis

Citroenzuur

Aspergillus niger

!

!

Fosfodiesterase

Leptographium procerum

!

!

Fosfolipase A2

Aspergillus niger

Phytase

Aspergillus niger

Glucoamylase

Aspergillus niger

!

!

Glucose ocidase

Aspergillus niger

!

!

Glycosidase

Aspergillus niger

!

!

Hemicellulase

Aspergillus niger

!

!

Trichoderma
longibrachiatum

!

!

Invertase

Saccharomyces cerevisiae

!

!

Lactase, acid

Aspergillus oryzae

Lactase, neutraal

Kluveromyces lactis

Lipase

Aspergillus niger

Lipase, fungal

Rhizopius oryzae

!

!
!

!
!

!

!
!

!
!

!

!

!

!
!

!

Feed

!
!
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Product

Production-organism

I

Pectinase

Aspergillus niger

!

Pectine methylesterase

Aspergillus niger

!

Polygalacturonase

II

III

Food
!

!

!

Aspergillus niger

!

!

Protease

Bacillus licheniformis

!

!

Protease, endo-

Aspergillus niger

!

!

Protease, exo-

Aspergillus niger

!

!

Protease, neutraal

Bacillus amyloliquefaciens

!

!

!

Xylanase

Aspergillus niger

!

!

!

Xylanase, bacterieel

Bacillus subtilis

!

!

Vitamin B12

Propionibacterium
freudenreichii

Vitamin B2

Bacillus subtilis

Vitamin C, intermediair

Gluconobacter oxydans

Vitamin D3

Saccharomyces cerevisiae

Non-GMO

ANNEXES

GMO

!

Feed

!

!
!

!
!

!

!

!

!

!

!

Can be GMO as well as non-GMO
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Annex 6.3. Genencor-Danisco’s enzymes8

Application

Type of enzyme

Trade name

Alcohol production glucoamylase, pullulanase, !-amylase en
protease
Brewery
Glycolipase

DIAZYME®

"-glucanases en xylanases
!-amylases

Alphalase™
LAMINEX®
AMYLEX®

Bakery

Glycolipase
Xylanase

GRINDAMYL™ POWERBake
GRINDAMYL MAX-LIFE®
GRINDAMYL™ POWERFresh
POWERFlex™
GRINDAMYL™ SUREBake
GRINDAMYL™ POWERSoft

Fruit processing

Pectinase

PEKTOZYME™ MAXLiq
PEKTOZYME™ MAXJuice
PEKTOZYME™ POWERClear

Amylase

PEKTOZYME™ Ultra C
PEKTOZYME™ Essential
DIAZYME® X4NP

Wine production

Pectinase

PEKTOZYME™ POWERClear W
PEKTOZYME™ MAXColour

Dairy

Chymosin*
Aminopeptidases + Proteases + Lipases
Aminopeptidases + Proteases + Lipases
Aminopeptidases en proteases
Hexose oxidase
Lactase
Peptidase

Chymostar®
Accelase®
Savorase®
Debitrase®
DairyHOX™
Lactase™ (alleen in de VS)
Marzyme®

Other food
enzymes

FoodPro™
LYSOMAX® PLA2

Feed

Avizyme®
Porzyme®
Grindazym™
Phytase*

*

8

Chymosin and phytase are certainly GMMO-derived

Phyzyme®
Phyzyme® XP

Sources: (Danisco, 2008; Partos, 2005)

During this investigation it was not possible to find out which of Genencor-Dansco’s enzymes is produced with GMMOs.
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Annex 7: List of commercial enzymes (Federal Environment Agency Austria,
2002; AMFEP, 2007)
Enzyme

Host organism

Acetolactaat

Bacillus

decarboxylase

amyloliquefaciens or

(alpha)

subtilis
Saccharomyces

Donor
organism

Use
Food

Bacillus sp.

X

Enterobacter sp.

X

Application

Feed Industrial
brewery

cerevisiae
Aminoacylase

Aspergillus melleus

none

X

X

dietary products

Aminopeptidase

Aspergillus niger*

none

X

Aspergillus oryzae

none

X

Lactococcus lactis

none

X

cheese, milk

Rhizopus oryzae or

none

X

cheese, fish, meat

Aspergillus sp.

X

cheese
X

cheese, soups, herbal mixes &
flavours

arrhizus
Trichoderma reesei or

X

X

longibrachiatum

cheese, egg products, meat, milk,
herbal mixes & flavours

AMP deaminase

Aspergillus melleus

none

X

soups

Amylase (alpha)

Aspergillus niger*

none

X

bakery products, liquors,
vegetables & fruits, cereals &
starch

Aspergillus oryzae

none

X

X

X

bakery products, liquors, cereals
& starch

Bacillus

Bacillus sp.

X

X

X

amyloliquefaciens or

bakery products, liquors, cereals
& starch

subtilis
Bacillus

none

X

X

X

amyloliquefaciens or

bakery products, liquors, cereals
& starch

subtilis
Bacillus

Thermoactinomyces

amyloliquefaciens or

sp.

X

X

X

bakery products

subtilis
Bacillus licheniformis

Bacillus sp.

X

X

liquors, cereals & starch, sugars

Bacillus licheniformis

none

X

X

bakery products, liquors, cereals

Bacillus

none

X

X

none

X

none

X

Barley

none

X

Soy

none

X

Aspergillus niger*

none

X

Aspergillus sp.

X

liquors, chocolate

none

X

bakery products, liquors,

& starch
liquors, cereals & starch

stearothermophilus
Microbacterium

bakery products, confectionary,

imperiale
Thermomonospora

sugars

viridis
Amylase (beta)

Arabinanase

Arabinoruranosidase Aspergillus niger*
Aspergillus niger*

CONCLUSIONS AND POSSIBLE SOLUTIONS

X

liquors, chocolate
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Enzyme

Host organism

Donor
organism

Use
Food

Application

Feed Industrial
chocolate

Asparaginase

Aspergillus niger*

Aspergillus sp.

X

Carboxypeptidase

Aspergillus niger*

Aspergillus sp.

X

Aspergillus niger*

Aspergillus sp.

X

(serine-type)
Catalase

X

bakery products, liquors, egg
products, fats, cereals & starch,
sugars

Cellobiose

Aspergillus niger*

none

X

Fusarium venenatum

Microdochium sp.

X

Aspergillus niger*

none

X

X

cheese, milk

dehydrogenase
Cellulase

X

liquors, vegetables & fruits,
cereals & starch,

Humicola insolens

none

X

X

Penicillium

none

X

X

X

none

X

X

none

X

X

cereals & starch

funiculosum
Penicillium or

liquors, cereals & starch

Talaromyces
emersonii
Trichoderma reesei or

X

longibrachiatum

bakery products, liquors,
chocolate, dietary products, fats,
vegetables & fruits, cereals &
starch

Trichoderma reesei or

Trichoderma sp.

X

X

X

Trichoderma viride

none

X

X

X

Aspergillus niger var.

Calf stomachs

X

cheese

Kluyveromyces lactis

Calf stomachs

X

cheese

Bacillus licheniformis

Thermoanaerobacter

X

cereals & starch

longibrachiatum

Chymosin

liquors

awamori

Cyclodextrine
glucanotransferase

sp.
Bacillus macerans

none

X

sugar

Chaetomium

none

X

sugar

Penicillum lilacinum

none

X

cereals & starch

Esterase

Rhizomucor miehei

none

X

cheese

Ferulic acid esterase

Streptomyces

none

X

X

Dextranase

erraticum

X

werraensis
Galactosidase

Aspergillus niger*

none

(alpha)

Aspergillus oryzae

Aspergillus sp.

Saccharomyces

Guar plant

X

X

none

X

X

Galactosidase

X

dietary products

X

cerevisiae

(alpha)
Glucanase (beta)

Aspergillus niger*

bakery products, liquors (bier,
wijn), cereals & starch

Aspergillus oryzae

Thermoascus sp.

X
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Enzyme

Donor
organism

Food

Bacillus sp.

X

X

none

X

X

none

X

Humicola insolens

none

X

X

liquors, cereals & starch

Penicillium

none

X

X

liquors, cereals & starch

Penicillium multicolor none

X

Penicillium or

none

X

none

X

none

X

X

X

Trichoderma sp.

X

X

X

Aspergillus sp.

X

Host organism
Bacillus

Use

Application

Feed Industrial
X

liquors

amyloliquefaciens or
subtilis
Bacillus

liquors

amyloliquefaciens or
subtilis
Disporotrichum

liquors

dimorphosporum

funiculosum
X
X

liquors, cereals & starch

Talaromyces
emersonii
Pseudomonas

soups

paucimobilis
Trichoderma reesei or
longibrachiatum
Trichoderma reesei or

bakery products, liquors, dietary
products, cereals & starch
cereals & starch

longibrachiatum
Glucoamylase or

Aspergillus niger*

liquors, vegetables & fruits,

Amyloglucosidase

cereals & starch
Aspergillus niger*

none

X

X

bakery products, liquors,
vegetables & fruits, confectionary,
cereals & starch

Aspergillus niger*

Talaromyces sp.

X

X

Rhizopus delemar

none

X

bakery products

Rhizopus niveus

none

X

bakery products, cereals & starch

Rhizopus oryzae or

none

X

bakery products, liquors, cereals

none

X

Streptomyces lividans

Actinoplanes sp.

X

cereals & starch

Streptomyces murinus

none

X

cereals & starch

Streptomyces

none

X

cereals & starch

Streptomyces sp.

X

cereals & starch

Aspergillus niger*

Aspergillus sp.

X

bakery products, egg products

Aspergillus niger*

none

X

arrhizus
Glucose isomerase

Actinoplanes

& starch

missouriensis

olivochromogenes
Streptomyces
rubiginosus
Glucose oxidase

X

bakery products, liquors, egg
products

Aspergillus oryzae

Aspergillus sp.

X

Penicillium

none

X

chrysogenum
Glucosidase (alpha)

Aspergillus niger*

bakery products, liquors,
eiproducten (mayonaise)

none

CONCLUSIONS AND POSSIBLE SOLUTIONS

X

liquors, cereals & starch
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Enzyme
Glucosidase (beta)

Host organism

Donor
organism

Use
Food

Application

Feed Industrial

Aspergillus niger*

none

X

X

X

liquors, cereals & starch

Penicillium

none

X

liquors, cereals & starch

none

X

liquors

none

X

Aspergillus niger*

none

X

Glutaminase

Bacillus subtilis

none

X

Hemicellulase

Aspergillus niger*

none

X

X

Bacillus

Bacillus sp.

X

X

none

X

bakery products

Chordrus sp.

X

bakery products (bread)

cereals & starch

decumbens
Glucosidase (exo-

Penicillium

1.3-beta)

funiculosum
Trichoderma
harzianum

Glucosyltransferase

X

cereals & starch

or Transglucosidase
soups
X

bakery products, vegetables &
fruits
bakery products, cereals & starch

amyloliquefaciens or
subtilis
Bacillus
amyloliquefaciens or
subtilis
Hexose oxidase

Hansenula
polymorpha

Inulase

Aspergillus niger*

none

X

Invertase or

Aspergillus niger*

none

X

Fructoruranosidase

Saccharomyces

none

X

(beta)

cerevisiae

Laccase

Aspergillus oryzae

Myceliopthora sp.

X

X

Aspergillus oryzae

Polyporus sp.

X

X

Trametes versicolor

none

X

X

Trichoderma reesei or

Thielavia sp.

X

X

X

liquors, confectionary, sugars

longibrachiatum
Lactase or

Aspergillus oryzae

Aspergillus sp.

X

Galactosidase (beta)

Aspergillus oryzae

none

X

cheese, dietary products,

Lactase or
Galactosidase (beta)

icecream, milk
Kluyveromyces lactis

Kluyveromyces sp.

X

icecream, milk

Kluyveromyces lactis

none

X

icecream, milk

Lipase

Penicillium

none

X

cheese, fats

monoacylglycerol

camembertii

Lipase

Aspergillus niger*

Candida sp.

X

triacylglycerol

Aspergillus niger*

none

X

Aspergillus oryzae

Aspergillus sp.

Aspergillus oryzae

Candida sp.

X

Aspergillus oryzae

Fusarium sp.

X

Aspergillus oryzae

Rhizomucor sp.

X

X

cheese, fats, spices

Aspergillus oryzae

Thermomyces sp.

X

X

bakery products, fats

Kalverslokdarmen

none

X

bakery products, cheese, fats,
milk, spices
X
X

fats
bakery products, fats
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Enzyme

Host organism

Donor
organism

Use
Food

Application

Feed Industrial

Candida lipolytica

none

X

bakery products, cheese, fats,

Candida rugosa

none

X

Goat

none

X

Lamb

none

X

Mucor javanicus

none

X

cheese, fats

Penicillum roqueforti

none

X

cheese, fats

Rhizomucor miehei

none

X

cheese

Rhizopus delemar

none

X

cheese, fats

Rhizopus niveus

none

X

Rhizopus oryzae or

none

X

spices
cheese, fats

X

bakery products, cheese, fats

arrhizus
Lipoxygenase

Escherichia coli

Pea

X

Lysozyme

Chicken eggs

none

X

Maltogenic amylase

Bacillus

Bacillus sp.

X

X

bakery products, cereals & starch

none

X

X

bakery products, liquors, cereals

X

amyloliquefaciens or
subtilis
Mannanase (endo-

Aspergillus niger*

1.4-beta)

& starch
Bacillus halodurans or none

X

X

lentus
Penicillium

none

X

funiculosum
Trichoderma reesei or

Trichoderma sp.

X

X

Aspergillus niger*

Aspergillus sp.

X

X

Aspergillus niger*

none

X

X

Aspergillus sojae

none

X

Penicillium

none

X

none

X

Aspergillus sp.

X

longibrachiatum
Pectin lyase

X

liquors, chocolate, vegetables &
fruits
liquors, chocolate, vegetables &
fruits
liquors, chocolate, vegetables &
fruits
liquors, chocolate, vegetables &

funiculosum
Rhizopus oryzae or

fruits
liquors, chocolate, vegetables &

arrhizus
Trichoderma reesei or

fruits
X

X

longibrachiatum

fruits

Pectin

Aspergillus sojae

none

X

methylesterase or

Aspergillus niger*

Aspergillus sp.

X

X

Pectinesterase

Aspergillus niger*

none

X

X

Aspergillus oryzae

Aspergillus sp.

X

Penicillium

none

X

none

X

X

funiculosum
Rhizopus oryzae or
arrhizus
Trichoderma reesei or

liquors, chocolate, vegetables &

Aspergillus sp.

CONCLUSIONS AND POSSIBLE SOLUTIONS
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Enzyme

Host organism

Donor
organism

Use
Food

Application

Feed Industrial

longibrachiatum
Pentosanase

Aspergillus niger*

none

X

Bacillus

Bacillus sp.

X

none

X

Humicola insolens

none

X

Trichoderma reesei or

none

X

amyloliquefaciens or
subtilis
Bacillus
amyloliquefaciens or
subtilis

X

longibrachiatum
Peroxidase

Soya hulls

none

X

Phosphatase

Aspergillus niger*

none

X

Phosphodiesterase

Leptographium

none

X

Penicillium citrinum

none

X

Aspergillus niger*

Aspergillus sp.

X

Aspergillus oryzae

Fusarium sp.

X

Pigs pancreas

none

X

Streptomyces

none

X

Aspergillus sp.

X

Thermomyces sp.

X

Aspergillus niger*

Aspergillus sp.

X

Aspergillus niger*

none

X

Trichoderma reesei or

Aspergillus sp.

X

Aspergillus niger*

Aspergillus sp.

X

Aspergillus niger*

none

X

Aspergillus oryzae

Peniophora sp.

X

Schizosaccharomyces

none

X

Aspergillus sp.

X

procerum

Phospholipase A

vialoceoruber
Trichoderma reesei or

X

X

longibrachiatum
Trichoderma reesei or
longibrachiatum
Phospholipase B

X

longibrachiatum
Phytase

X

pombe
Trichoderma reesei or
longibrachiatum
Polygalacturonase

Aspergillus niger*

Aspergillus sp.

X

or Pectinase

Aspergillus niger*

none

X

Aspergillus

none

X

none

X

Aspergillus sp.

X

X

X

X

X

X

X

pulverulentus
Penicillium
funiculosum
Trichoderma reesei or
longibrachiatum
Protease (incl.

Actinida chinensis

none

x

coagulation

Ananas comosus

none

X
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Enzyme
enzymes)

Host organism

Donor
organism

Use
Food

Application

Feed Industrial

Aspergillus melleus

none

X

Aspergillus niger*

Aspergillus sp.

X

Aspergillus niger*

Calf stomach

X

Aspergillus niger*

none

X

X

Aspergillus oryzae

Bacillus sp.

X

X

Aspergillus oryzae

Rhizomucor sp.

X

Aspergillus sojae

Bacillus sp.

X

X

Bacillus

Bacillus sp.

X

X

none

X

X

X

Bacillus licheniformis

Bacillus sp.

X

X

X

Bacillus licheniformis

Bacillus sp.

X

X

X

Bacillus

none

X

none

X

Calf stomach

none

X

Carica papaya

none

X

X

X

Cryphonectria or

none

X

Ficus glabrata

none

X

X

X

Goat stomach

none

X

Kluyveromyces lactis

Calf stomach

X

Ox stomach

none

X

Penicillium citrinum

none

X

Pig pancreas

none

X

X

Rhizomucor miehei

none

X

X

Rhizopus niveus

none

X

Bacillus

none

X

Bacillus circulans

none

X

Bacillus licheniformis

Bacillus sp.

X

Bacillus subtilis

Bacillus sp.

X

Klebsiella planticola

Klebsiella sp.

X

Klebsiella planticola

none

X

Trichoderma reesei or

Hormoconis sp.

X

none

X

Penicillium multicolor none

X

X
X
X

amyloliquefaciens or
subtilis
Bacillus
amyloliquefaciens or
subtilis

stearothermophilus
Bacillus
thermoproteolyticus

Endothia parasitica

Pullulanase

acidopullulyticus

X

longibrachiatum
Rhamnosidase

Trichoderma reesei or

(alpha-L)

longibrachiatum

Sulphhydryl oxidase Bacillus subtilis

Saccharomyces sp.

X

Tannase

Aspergillus niger*

none

X

Aspergillus oryzae

none

X

CONCLUSIONS AND POSSIBLE SOLUTIONS

X
X
X

55

Enzyme

Host organism

Transglucosidase

Streptoverticillium

Donor
organism

Use
Food

Application

Feed Industrial

none

X

X

Lactococcus lactis

none

X

Aspergillus niger*

Aspergillus sp.

X

X

Aspergillus niger*

none

X

X

Aspergillus oryzae

Aspergillus sp.

X

X

Aspergillus oryzae

Thermomyces sp.

X

X

Bacillus

Bacillus sp.

X

none

X

Bacillus licheniformis

Bacillus sp.

X

Disporotrichum

none

X

Humicola insolens

none

X

X

Penicillium

none

X

X

none

X

X

Trichoderma sp.

X

X

mobaraense
Xaa-Pro-dipeptidylaminopeptidase
Xylanase

X

X

amyloliquefaciens or
subtilis
Bacillus

X

amyloliquefaciens or
subtilis

dimorphosporum

funiculosum
Trichoderma reesei or
longibrachiatum
Trichoderma reesei or

X

longibrachiatum
Trichoderma reesei or

Actinomadura sp.

X

longibrachiatum
Trichoderma viride

GMO

none

Non-GMO

X

X

Enzyme can be of GMMO and non-GMMO origin

GMO-FREE ADDITIVES AND PROCESSING AIDS FOR ORGANIC FOOD AND FEED PRODUCTION

