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1. GENERAL INTRODUCTION AND CLAIM OF EXEMPTION FROM PREMARKET APPROVAL REQUIREMENTS

With this document, DSM Food Specialties (DSM) is submitting a GRAS notification for its amylomaltase
enzyme preparation produced by submerged fermentation of a selected, pure culture of a Bacillus
amyloliquefaciens strain. The amylomaltase gene was made synthetically based upon the malQ gene of
Thermus thermophilus, nevertheless, the resulting enzyme is identical to the Thermus thermophilus
enzyme. The enzyme is intended to be used in the production of modified starch intended for the use in
foods. The enzyme modifications to the starch are meant to change the functional properties of the starch
as food ingredient. DSM produces the amylomaltase preparations in liquid form standardized with glycerol.
The trade name is Meltamase™. The active enzyme in Meltamase™ is an amylomaltase (EC 2.4.1.25, CAS
9032-09-1). Naturally, amylomaltases can be found in cells of plants, animals, bacteria and fungi
(Schomburg, D., 2013).

Amylomaltase is a processing aid intended to be used in the starch industry to modify food starches alone
or in combination with other treatments resulting in, e.g. maltodextrins, treated starch and food starch
modified This starch product with improved functional properties is to be used as ingredient in a broad
range of food applications.

Amylomaltase catalyses the transfer of a segment of a 1,4--D-glucan to another part of the starch strain.
The enzyme activity is very widespread in nature and participates in the starch and glycogen metabolism
amongst others in microorganisms, plants and mammals. Amylomaltase can be used on potato starch or on
any type of starch from botanical origin. The resulting starch has unique thermo-reversible gelling
properties.

Pursuant to the regulatory and scientific procedures established by proposed regulation 21 C.F.R. § 170.36
(see 62 Fed.Reg. 18,938, April 17, 1997), DSM has determined that its amylomaltase enzyme from Bacillus
amyloliquefaciens is a GRAS substance for the intended food applications and is therefore exempt from the
requirement for premarket approval. Information on the enzyme and the production organism providing
the basis for this GRAS determination is described in the following sections. General and specific
information identifying and characterizing the enzyme, its applicable conditions for use, DSM’s basis for its
GRAS determination and the availability of supporting information and reference materials for FDA’s
review can be found here in Section 1.

The production organism, Bacillus amyloliquefaciens, has a long history of safe use; this is discussed in
Section 7.1. The FDA has previously affirmed a carbohydrase enzyme preparation from Bacillus
amyloliquefaciens as GRAS. They recently summarized the safety of microorganisms, including Bacillus
amyloliquefaciens, used as a host for enzyme-encoding genes (Olempska-Beer et al., 2006). Furthermore
JECFA and countries such as France, Denmark, Australia and Canada have accepted the use of enzymes
from Bacillus amyloliquefaciens in food. The use of amylomaltase from Bacillus amyloliquefaciens in food
has been authorized by the Australian and Canadian governments.

Section 2 describes the genetic modifications implemented in the development of the production
microorganism to create a safe standard host strain resulting in a genetically well-characterized
production strain, free from known harmful sequences.
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In Section 3, data are presented that show the substantial equivalence of the amylomaltase to naturally
occurring amylomaltases. The safety of the materials used in manufacturing, and the manufacturing
process itself is described in Section 4. Section 5 reviews the hygienic measurements, composition and
specifications. Section 6 provides information on the mode of action, applications, use levels of
amylomaltase and enzyme residues in final food products. The safety studies outlined in Section 7 indicate
that amylomaltase preparations from Bacillus amyloliquefaciens show no evidence of pathogenic or toxic
effects. Estimates of human consumption and an evaluation of dietary exposure are also included in
Section 7.
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1.1. Name and Address of Notifier

Notifier:

DSM Food Specialties
PO Box 1
2600 MA Delft
The Netherlands
Tel: +31 152 79 3592

Manufacturer:

DSM Food Specialties
15 Rue des Comtesses
PO Box 239
59472 Seclin Cédex
France
Tel: 33 320964545
Fax: 33 320964500

Person Responsible for the Dossier:

Dr. M. Kuilman
Regulatory Affairs
DSM Food Specialties
PO Box 1
2600 MA Delft
The Netherlands
Tel: +31 152 79 3592
Fax: +31 152 79 3614
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1.2. Common or Usual Name of Substance

DSM’s amylomaltase (4--glucanotransferase) enzyme preparation from Thermus thermophilus expressed
in Bacillus amyloliquefaciens is produced by submerged fermentation of a selected, pure culture of
Bacillus amyloliquefaciens. The common or usual name of the substance is “amylomaltase”. It is produced
and sold in liquid form, stabilized with glycerol. The trade name is MeltamaseTM.

Amylomaltase is a processing aid intended to be used in the starch industry to modify food starches alone
or in combination with other treatments resulting in, e.g. maltodextrins, treated starch and food starch-
modified

1.3. Applicable Conditions of Use

The Bacillus amyloliquefaciens amylomaltase preparation is intended to be used in the production of
enzymatically treated starch as described in 21 C.F.R. § 172.892. The enzyme is added to a suspension of
gelatinized starch. The concentration, pH and temperature conditions used have been optimized to get the
desired product in 4-12 hours. Per type of product and starch these conditions can vary:

 Enzyme dosage: 1 -5 ATU / g dry starch
 pH: 5 - 7
 Temperature: 50 - 90˚C 

One amylomaltase unit (ATU) is defined as the amount of enzyme which produces 1 µmol of glucose per
minute under the assay conditions.

After the enzymatic reaction, the solution is heated, for instance in a jet-cooker, to inactivate the
enzyme, after which the starch solution is dried, for instance using a spray-dryer.

1.3.1. Food Products Used in

The amylomaltase described in this dossier is applied specifically for the production of an enzymatically
treated starch with improved functional properties. This starch product is intended to be used in:

 Dairy (yoghurts/desserts/aerated desserts/spreadable cheeses/ice cream)

 Cheese analogues

 Bakery/cake mixes

 Emulsified low fat spreads

 Confectionery (moulded - wine gums/ chewables)

 Dressings and emulsified sauces

1.3.2. Levels of Use

Amylomaltase can be used on potato starch or on any type of starch from botanical origin. The average
dosage of the enzyme depends on the type and quality of the starch, the duration of and the temperatures
during the production process and the desired functional properties of the end product.
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A typical use level would be 1 -5 ATU per g dry starch or 1 - 5 g of amylomaltase preparation described in
this dossier per kg dry starch.

1.3.3. Purposes

Starch treated with amylomaltase single or in combination with other treatments has improved functional
thermo-reversible gelling properties. It is used as food ingredient to provide excellent texturizing, gelling
or thickening functionalities. It can be used as a food starch-modified to replace starch, fat and casein
without compromising on mouthfeel and creaminess.

The intake of fat by consumers could be reduced up to 2.5% when food manufacturers of, for example
yoghurts, curds, mousses and ice creams, replace fat by the described starch.

The enzyme treated starch (food starch-modified) will also be an alternative for other starch replacements
of fat and casein. In general, other food hydrocolloids used for the replacement of fat and casein are:
native and modified starches, gelatine, carrageenans, pectin, xanthan, agar, locust bean gum, guar,
alginates and propylene glycol alginates. For example, the replacement of animal-derived gelatine by
enzyme treated starch would be a much appreciated application.

1.3.4. Consumer Population

Amylomaltase activity is abundantly present in nature as has been described in many publications during
the last decades. In the BRENDA Enzyme Database (Schomburg, D., 2013) literature references are listed
demonstrating its presence in, amongst others, human, cows, chicken, pigs, barley, sweet potato, rice,
peas, spinach and many microorganisms such as Aspergillus niger, Bacillus species, Thermus species,
Streptococcus species and baker’s yeast. The production of amylomaltase by microorganisms has already
been described in the Pariza and Johnson paper in 2001 (Pariza, M.W. and Johnson, E.A., 2001) under
“Enzymes used in food processing today”. Amylomaltase producing microorganisms include those used for
the production of food and food ingredients, including enzyme preparations, such as Bacillus subtilis
(Kunst, F. et al., 1997), Aspergillus niger and baker’s yeast Saccharomyces cerevisiae (Schomburg, D.,
2013).

In plants, the enzyme amylomaltase together with many other amylolytic enzymes plays a role in the
production of carbohydrates like amylose and amylopectin starches. In plants, this results in an equilibrium
situation of amylose and amylopectin molecules with a range of chain lengths and both linear and
branched nature. Similarly, in human and animal, the enzyme amylomaltases is active in the formation of
the energy storage carbohydrate glycogen (International Union of Biochemistry and Molecular Biology
(IUBMB), Nomenclature Committee, 1992) (Kaper, T. et al., 2004).

Many of the naturally occurring sources of amylomaltase are part of the human diet. Consumption of these
amylomaltases has not led to any adverse events or allergic reactions. Since the amylomaltase produced in
Bacillus amyloliquefaciens is a normal protein (composed of natural amino acids) it will be digested in the
human gastrointestinal tract just as any other food protein/enzyme would.

The substrate for amylomaltase are 1,4--D-glucans. Alpha-glucans are polysaccharides of D-glucose
monomers linked with glycosidic bonds of the alpha form. 1,4--D-glucans occur in glycogen and starch. As
amylomaltase plays a role in the starch and glycogen metabolism of plants, animals and microorganisms
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(e.g. baker’s yeast) that are used as or in food, the reaction products (e.g. modified starch and glycogen
molecules) consequently also occur in food by nature. It can thus be concluded that the substrate occurs in
many food products from animal as well as plant origin and the enzymatic conversion by amylomaltase
creates reaction products which are common constituents of the human diet. Hence, there is no basis to
believe that the changes in starch or glycogen effectuated by amylomaltase will have a significant effect
on processed foods or on the human body.

As is shown in Section 6.4 of this dossier, the amount of enzyme TOS1 in the final food is expected to be
approximately 0.05-5.4 mg/kg (=0.000005-0.00054%) for dairy products and cheese analogues, 1.3-6.7
mg/kg (=0.00013-0.00067%) for bakery products, 1.3-16.1 mg/kg (=0.00013-0.0016%) for confectionary,
0.5-6.7 mg/kg (=0.00005-0.00067%) for dressings and emulsified sauces, and 0.3-8.1 mg/kg (=0.00003-
0.00081%) for fat spreads.

The use of amylomaltase from Bacillus amyloliquefaciens in food has been authorized by the Australian
and Canadian authorities.

Since amylomaltase is present in the final food products at only very low levels, it is inactivated after the
enzymatic treatment of the starch, and because it is a naturally occurring substance in cells and tissues
commonly ingested by humans without any harm, it is unlikely that the consumer population will be
affected by the presence of amylomaltase in foodstuffs when used as processing aid.

1.4. Basis for GRAS Determination

Pursuant to 21 C.F.R. § 170.30, DSM has determined, through scientific procedures, that its amylomaltase
enzyme preparation from Bacillus amyloliquefaciens is GRAS for use in the production of modified starch
that can be applied as an ingredient in foods such as yoghurts, cheese analogues, cake mixes and
confectionary foods.

1.5. Availability of Information for FDA Review

The data and information that are the basis for DSM’s GRAS determination are available for the FDA’s
review and copies will be sent to FDA upon request. Requests for copies and arrangements for review of
materials cited herein may be directed to:

Gary L. Yingling, Esq.
Morgan, Lewis & Bockius LLP
1111 Pennsylvania Avenue, NW
Washington, DC 20004-2541
Tel: 202-739-5610
Email: gyingling@morganlewis.com

1 TOS: Total Organic Solids
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2. PRODUCTION MICROORGANISM

2.1. Donor, Recipient Organism and Production Strain

Donor:
The gene encoding amylomaltase (masQ) was made synthetically based upon the malQ gene of Thermus
thermophilus HB8 (ATTC27634)(Terada, Y. et al., 1999), but optimised for expression in Bacillus by
modification of the overall G+C% and codon usage. Nevertheless, the amino acid sequence of the resulting
enzyme is identical to that of the original from Thermus thermophilus.

Recipient Organism and Production Strain:
The parental organism of the European Bacillus amyloliquefaciens (EBA) lineage was originally isolated in
1958 from nature in a screening programme and introduced into production in the plant of Gist-brocades
(now DSM) in Seclin (France) soon thereafter.

Through mutation classical mutation (UV) and selection techniques, the strain BZ-53 (DS 3225) was isolated
in 1982. From BZ-53, an asporogenous strain EBA-1 (DS 3229) was isolated possessing an enhanced
production of the enzymes alpha-amylase, neutral protease, and -glucanase.

The Bacillus amyloliquefaciens EBA-lineage has been used by DSM (formerly Gist-brocades) in large scale
fermentation tanks for the production of amylase, -glucanase and protease, enzymes which have been
utilised world-wide in the beverage and baking industry for over forty years.

By using recombinant DNA technology, the gene coding for alpha-amylase was deleted from strain EBA-1,
resulting in an amylase deficient strain. Subsequently it was decided to knock out the genes coding for the
major proteases, the neutral metalloprotease NprE and the alkaline protease aprA. The first gene was
inactivated using classical mutagenesis, whereas the alkaline protease was eliminated by using rDNA
technology. Again by using recombinant DNA technology (see Section 2.2), several amylomaltase encoding
genes were inserted into EBA-127 (DS 50252), resulting into the final production strain MAS-3 (DS 50298).
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The figure below shows a schematic presentation of the genealogy of the production strain MAS-3.

* Strain BZ-53, EBA-1 and MAS-3 were taxonomically identified as Bacillus amyloliquefaciens by the TU Delft (the

Netherlands) and DSMZ Braunschweig (Germany) (see 7.1.A and 7.1.B).

2.2. Genetic Modification & Transformation and selection of the final production strain

The masQ gene was put in the vector pGBB05MAS1, which also contains the genetic information of the
plasmid pUB110, naturally comprising the antibiotic kanamycin and neomycin resistance. The construction
and the sequence of the final expression vector is schematically shown in Annex 2.2.A.

This vector was transferred to Bacillus amyloliquefaciens EBA127 by electroporation. From the kanamycin
or neomycin resistant clones a strain with the desired amylomaltase activity was selected and designated
as Bacillus amyloliquefaciens strain MAS-3.

2.3. Stability of the Transformed Genetic Sequence

The growth, morphology and production characteristics of the production strain can easily be maintained
under normal laboratory and production conditions.

The recombinant strain stably overproduces the amylomaltase for over 60 generations as observed by
enzyme productivity measurements as well as by analysis of the strain for neomycin resistance, which is
indicative of the presence of the plasmid. No experimental data are available regarding the plasmid copy
number, but in analogy with other pUB110 derived plasmids the strain is estimated to contain 50-100
copies per cell. At the end of the fermentation more than 90% of all analyzed colonies are neomycin
resistant. The neomycin resistance naturally occurs on the plasmid pUB110, which is an endogenous
Bacillus plasmid.

Plasmid pUB110 is not self-transmissable, but may be mobilized in the presence of self-transmissable
plasmids. This requires an intact mob-gene, encoded by pUB110. However, the mob-gene in vector
pGBB05MAS1 has been inactivated by insertion of the masQ-gene at this position. This results in an

wt-strain

BZ-53 (DS 03225)*

EBA-1 (DS 03229)*

EBA-127 (DS 50252)

MAS-3 (DS 50298, production strain)*

Classical mutagenesis

Genetic modification: deletion of the α-
amylase, and deletion / inactivation of
the neutral nprE and alkaline aprA
protease genes

Genetic modification: insertion of
amylomaltase gene from T. thermophilus

(donor)
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immobile genotype of the strain and therefore excludes any possibilities of transfer of the vector to other
bacteria. The physical containment of the genetically modified strain in the enzyme production process a
priori will minimize the chances of gene transfer.

2.4. Good Industrial Large Scale Practice (GILSP)

The modified amylomaltase production organism complies with all criteria for a genetically modified GILSP
organism.

The host organism is non-pathogenic, does not produce adventitious agents under the fermentation
conditions employed and has an extended history of safe industrial use (see Section 7.1). Due to its
asporogenic character, the ancestor of the recipient EBA-127, EBA-1 (see Section 2.1), has a limited
survival outside the optimal conditions of the industrial fermentor. From the genetic modification
performed, there are no reasons to believe that the survival of the genetically modified production
organism would be different when compared to its ancestor.

Therefore, the modified amylomaltase production organism is considered to be of low risk and can be
produced with minimal controls and containment procedures in large-scale production. This is the concept
of Good Industrial Large Scale Practice (GILSP), as endorsed by the Organization of Economic Cooperation
and Development (OECD). The production organism has been approved both by the Dutch and French
competent authorities for large-scale productions, under containment conditions not exceeding the GILSP
level of physical containment. The facilities of DSM Food Specialties are in use only for the large-scale
production of food and feed enzyme products. Fermentations do not exceed the GILSP level of physical
containment.

2.5. Absence of Transferable rDNA Sequences in the Enzyme Preparation

As explained above, the vector pGBB05MAS1 is derived from pUB110, a plasmid naturally occurring in
Bacilli. The amylomaltase encoding gene masQ is inserted in the mob-gene of the plasmid, thereby
rendering it non-tranferable to other micro-organisms.

2.6. Absence of the Production Organism in the Product

Good Manufacturing Practice and EC Directive 2009/41, concerning the contained use of genetically
modified micro-organisms are not the only reasons to assure absence of the production organism in the
final products. For many reasons, it is very important for each enzyme producer that the final commercial
product does not contain viable production organisms. Therefore all traces of the production organism are
removed during the manufacturing process (see Section 4.4), ensuring that the enzyme preparation is free
from the production organism Bacillus amyloliquefaciens.

2.7. Absence of Antibiotic Genes

As described in 2.2 the vector used for the genetic modification also contains the antibiotic resistance
marker genes of neomycin and kanamycin. The use of antibiotic resistance marker genes (ARMg’s) as
marker genes as marker genes in genetically modified plants has been thoroughly evaluated by the
scientific panel on Genetically Modified Organisms of the European Food Safety Authority (EFSA).
Regarding the use of these antibiotic resistance marker genes, the GMO panel of the European Food Safety
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Authority (EFSA) concluded that there is no rationale for restricting or prohibiting the use of the antibiotic
resistance genes neomycin and kanamycin (see also Annex 2.7).

Moreover, the enzyme preparations are tested to ensure the absence of antibiotic activity in accordance
with the the recommendation from the Joint Expert Committee of Food Additives of the FAO/WHO
(“JECFA”). As is shown in Section 4.6 of this dossier, quality control testing of the finished amylomaltase
preparations ensures the enzymes do not contain antibiotic activity.

2.8. Absence of Toxins

For several decades, Bacillus amyloliquefaciens has been used in the commercial production of various
food enzymes. During this long history of use, there has been no evidence that these enzymes would
contain toxins derived from the species. This non-toxicogenicity has been confirmed by a large amount of
toxicological tests on enzymes derived from the species; including recombinant strains. These toxicological
studies resulted in a positive safety evaluation by JECFA for numerous enzymes produced with Bacillus
amyloliquefaciens or Bacillus subtilis (see also Annex 7.1.C). In response to an opinion of the EU Scientific
Committee on Animal Nutrition (SCAN), on the toxigenic potential of Bacilli, the EU enzyme industry,
organized in AMFEP, conducted a study using representative production strains, including the EBA-1
(DS19573) strain. The result of this study showed that none of the strains tested was able to produce toxins
under the conditions of testing as prescribed by SCAN (see annex 2.8). As the recombinant Bacillus
amyloliquefaciens production strain MAS-3 is based on this EBA-1 host, with some genetic modifications
which will not interfere with the strain’s toxigenicity, it can be assumed that also the production strain
MAS-3 is non-toxicogenic.

3. ENZYME IDENTITY AND SUBSTANTIAL EQUIVALENCE

3.1. Enzyme Identity

- Systematic name : 1,4--D-glucan:1,4--D-glucan 4--D-glycosyltransferase

- Common name : amylomaltase

- Other names : 4--glucanotransferase; disproportionating enzyme; dextrin
glycosyltransferase; D-enzyme; debranching enzyme
maltodextrin glycosyltransferase; dextrin transglycosylase,
MeltamaseTM

- Enzyme Commission No. : 2.4.1.25

- CAS number : 9032-09-1

Amylomaltase belongs to a family of hexosyltransferases, part of the glycosyltransferases.
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3.2. Amino Acid Sequence

The molecular weight (MW) of the enzyme, deduced from the amino acid sequence is 57221 Da. The amino
acid sequence of the amylomaltase protein is given in Annex 3.2.A.
The structure of the amylomaltase protein from the donor Thermus thermophilus is described on the
website of PDBsum: http://www.ebi.ac.uk/pdbsum/1fp8 as shown below:

3.3. Sequence Comparison to other amylomaltase Enzymes

In order to compare the amylomaltase originating from Thermus thermophilus with other presently known
amylomaltases, an extensive sequence comparison has been carried out. The amino acid sequence of
amylomaltase was used as a query to search sequence databases using ‘BLAST’ software for related
sequences. Clustering of the amino acid sequences based upon their homologous sequence patterns
revealed, as expected that this amylomaltase belongs to the Thermus cluster that also contains
amylomaltase from Thermus aquaticus, Thermus scotoductus SA-01 and Thermus brockianus.
Microorganisms from the Thermus species are widespread in natural as well as in man-made thermal
environments (Cava, F. et al., 2009). The amylomaltase of Thermus thermophilus exhibited a very high
similarity to the amylomaltase of Thermus aquaticus, with an E-value of 0 and sequence identity
percentage of 88.
Furthermore, the amylomaltase of Thermus thermophilus showed sequence identity percentages of 42-44%
with the similar enzymes in various common food crops, such as rice, maize, wheat and grape.

3.4. Enzymatic Activity

Main Enzymatic Activity

Amylomaltase catalyses the transfer of a segment of a 1,4--D-glucan to another part of the starch strain.
The enzyme activity is very widespread in nature and participates in the starch and glycogen metabolism
amongst others in microorganisms, plants and mammals (Schomburg, D., 2013).

The activity of amylomaltase can be determined by measuring the amount of glucose formed during
incubation of maltotriose with amylomaltase under specific reaction circumstances given in annex 3.4.A.
One amylomaltase unit (ATU) is defined as the amount of enzyme which produces 1 µmol of glucose per
minute under the assay conditions.

The biochemical properties of amylomaltase from Bacillus amyloliquefaciens have been investigated.
Amylomaltase exhibits activity from pH 5.2-7.5. The pH optimum is rather broad between pH 5.5 and 7.0.
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The enzyme amylomaltase shows activity up to relatively high incubation temperatures of 80°C, after
which the activity quickly diminishes. The enzyme is completely inactivated after 30 min at 120°C or 1 min
at 140°C.

Subsidiary Enzymatic Activities

Like any other living organism, the amylomaltase production organism produces many other enzymes
needed for the breakdown of nutrients and buildup of cell material. Although amylomaltase is being
produced in excess, the enzyme preparation will also contain minor, non-standardized amounts of these
other enzymes. These amounts do not have an effect in the applications.

4. MANUFACTURING PROCESS

4.1. Overview

Amylomaltase from DSM is produced by a controlled submerged fermentation of a selected, pure culture of
Bacillus amyloliquefaciens (see Section 2.1). The production process includes the fermentation process,
recovery (downstream processing) and formulation of the product. A flowsheet of the different steps
involved is given in Annex 4.1.A.

4.2. Raw Materials
All raw materials meet predefined quality standards that are controlled by the Quality Assurance
Department of DSM. The raw materials used for the fermentation and recovery of the product are suited
for the intended use; this leads to the required safety status of the product. The safety is confirmed by the
toxicological studies performed (see Section 7.4 of this dossier). The raw materials meet predefined
quality standards that are controlled by the Quality Assurance department of DSM. The raw materials used
for the formulation are of food grade quality and meet FCC specifications. The antifoam and flocculant are
listed in the FDA September 11, 2003 letter to ETA as acceptable for use in enzyme manufacturing (Annex
4.2.A).

4.3. Fermentation Process

The amylomaltase is manufactured by submerged fed-batch pure culture fermentation of the genetically
modified strain of Bacillus amyloliquefaciens described in Section 2. All equipment is carefully designed,
constructed, operated, cleaned, and maintained so as to prevent contamination by foreign
microorganisms. During all steps of fermentation, physical and chemical control measures are taken and
microbiological analyses are done to ensure absence of foreign microorganisms and to confirm strain
identity.

The fermentation process consists of three steps: inoculum preparation, seed fermentation and main
fermentation. The whole process is performed in accordance with Good Food Manufacturing Practice (see
Section 5.2).

Biosynthesis of amylomaltase occurs during the main fermentation. To produce the enzyme of interest, a
submerged, aerobic fed batch fermentation process is employed, using a stirred tank fermentor. The
fermentor is equipped with devices for pH, temperature, oxygen and antifoam control, a top-mounted
mechanical agitator and a bottom air sparger.
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Growth of the production organism and increase of enzyme production are checked at the end of the main
fermentation by analysis of aseptically collected samples. After the fermentation has been stopped
downstream processing will start.

4.4. Recovery Process

The fermentation is stopped by addition of sodium diacetate under conditions to effectively kill-off the
production organism Bacillus amyloliquefaciens.

Since the enzyme protein is accumulated inside the cells, the cells are lysed by means of homogenisation.
The cell material is separated from the amylomaltase by means of a simple membrane filtration process.
Subsequently, the remaining particles are removed with a polish filtration and a germ filtration, and then
concentrated by ultrafiltration (UF).

4.5. Formulation and Standardization Process
The UF concentrate is stabilised with glycerol to a 50/50 mixture with an average enzyme concentration of
1000 ATU/g, subjected again to polish and germ filtration, and subsequently stored at 4 – 6°C until further
handling.

4.6. Quality Control of Finished Product
In accordance with the general specifications for enzyme preparations used in food processing as
established by the Joint Expert Committee of Food Additives (JECFA) of the FAO/WHO in 2006 and the FCC
(8th edition, (FCC 8, 2012)), the final amylomaltase preparations from Bacillus amyloliquefaciens meet the
following specifications:

In addition, the following specifications were set:

Parameter Specification

Appearance Liquid

amylomaltase activity 950 – 1050 ATU/g

Parameter Specification limit

Lead Not more than 5 mg/kg

Total Coliforms Not more than 30/g

Salmonella Absent in 25g

Escherichia coli Absent in 25g

Antimicrobial activity Absent by test
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5. COMPOSITION AND SPECIFICATIONS

5.1. Composition
The common starting material before formulation is the UF (ultra-filtration) concentrate. Typically, its
composition falls within the following ranges:

Item Value Unit
Enzyme activity 2000-6000 ATU/g
Dry matter 6-20 %
Ash 1.3-3.5 %

Apart from the enzyme complex, the amylomaltase preparations will also contain some substances derived
from the microorganism and the fermentation medium. These harmless impurities consist of polypeptides,
proteins, carbohydrates and salts.

The Total Organic Solids (TOS) of the amylomaltase preparations and the amylomaltase activities were
determined for three different batches of the UF concentrate:

Calculation of the TOS

Batch number Activity (ATU/g) Ash (%) Water (%) TOS (%) ATU/mg TOS

MEG.GRZ.05012 3750 2.2 87.7 10.1 37.1

MEG.GRZ.0905 2130 1.3 93.2 5.5 38.7

MED.c711002.E 5930 3.5 79.9 16.6 35.7

MEAN 3937 2.3 86.9 10.7 37.2

The TOS values of the final, formulated enzyme preparations can be calculated on basis of the above
values. For example, a standardized enzyme preparation containing 1000 ATU/g will contain 27 mg TOS/g.

2 Analysis performed on sample formulated with 50% glycerol. Results in table calculated back to UF concentrate.
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5.2. General Production Controls and Specifications

Quality standards require a strictly controlled fermentation process. Enzyme fermentation experience in
the DSM factory in Seclin, France, has resulted in a solidly established Good Food Manufacturing Practice
within the framework of a certified ISO system (ISO 9001:2008 and FSSC 22000:2011).

Technical measures

The batches of primary seed material are prepared, preserved and stored in such a way that contamination
and degeneration is avoided and genetic stability is secured. The vials are clearly labeled and strict aseptic
techniques are applied during the recovery of the culture.

Only sterilized raw materials are used to prepare the nutrient medium for the fermentation.

The fermentor is a contained system. Prior to inoculation, the fermentor is cleaned, rinsed and sterilized.
Membrane valves, air filters and seals are regularly checked, cleaned and replaced if necessary. Only
sterilized air is used in the fermentation. The sterilized nutrient medium and the complete biomass broth
are transferred aseptically to the main fermentor. The methods used, effectively prevent microbial
contamination during fermentation. The preparation of sterile media and the cleaning of the equipment
are laid down in Quality Assurance documents and are strictly followed.

Microbial contamination is prevented during downstream processing by several germ reduction filtrations.
The filters are thoroughly cleaned before each production run.

Control measures

After preparation of a new batch of primary seed material, samples are checked for identity, viability and
microbial purity. If these parameters are correct, the strain is tested for production capacity. Only if the
productivity and the product quality meet the required standards, the new batch of primary seed material
will be accepted for further production runs. Each time a vial from such a certified batch of primary seed
material is used for production, the viability, purity and identity of the strain is checked.

The raw materials used for the fermentation and recovery of the product are suited for the intended use
leading to the required safety status of the product. The raw materials meet predefined quality standards
that are controlled by the Quality Assurance Department of DSM. The raw materials used for the
formulation are of food grade quality.

At regular intervals during the seed fermentation, samples are taken aseptically for analysis of pH, and
microbiological quality in the laboratory.

During the main fermentation the dissolved oxygen content, pH, temperature, viscosity and microbial
quality are monitored. If microbial controls show that significant contamination has occurred, the
fermentation will be discontinued.

Also during downstream processing, samples are taken and checked for the level of microbial
contamination. If these checks show that significant contamination has occurred, the downstream
processing is discontinued.

The finished product is subjected to extensive controls and complies with JECFA and FCC specifications:
see Section 4.6: Quality Control of Finished Product.
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6. APPLICATION

6.1. Mode of Action

The amylomaltase described in this dossier is applied specifically in the production of an enzymatically
treated starch. This starch is produced from potato or starch from other botanical origin such as maize,
tapioca and sago palm. Most starches naturally consist of a mixture of amylose and amylopectin molecules.
During modification of the starch, amylomaltase transfers segments of a 1,4--D-glucan by breaking down
α-1,4 linkages in the starch and in a second step forming new α-1,4 linkages (see figure below). This results 
in two sorts of effects: The amylose will be broken down and the length of the branches of the
amylopectin will effectively increase. This action of 4-α-glucanotransferase on starch of various origin is 
described in more detail by Kaper et al., Van der Maarel et al., Norman et al. and Oh, et al. (Kaper, T. et
al., 2004, van der Maarel, M.J.E.C. et al., 2005, Norman, B. et al., 2010, Oh, E.J. et al., 2008).
Amylomaltase and its activity on starch is very common in nature as is described in 1.3.4.

Figure. Schematical representation of the transfer of 1.4--D-glucan segments
from amylose (black lines) to amylopectin (grey lines) by amylomaltase (Tradename: Meltamase)
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6.2. Application

The amylomaltase described in this dossier is applied specifically for the production of an enzymatically
treated starch with improved functional properties. The resulting starch has thermo-reversible gelling
properties. It is used as food ingredient to provide excellent texturizing, gelling or thickening
functionalities. It can be used as a food starch-modified to replace starch, fat and casein, without
compromising on mouthfeel and creaminess.

The intake of fat by consumers could be reduced up to 2.5% when food manufacturers of, for example
yoghurts, curds, mousses and ice creams, replace fat by the described starch.
The enzyme treated starch will also be an alternative for other starch replacements of fat and casein. For
example, the replacement of animal-derived gelatine by enzyme treated starch would be a very
appreciated application.

This starch product is intended to be used in:

 Dairy (yoghurts/desserts/aerated desserts/spreadable cheeses/ice cream)

 Cheese analogues

 Bakery/cake mixes

 Emulsified low fat spreads

 Confectionery (molded - wine gums/ chewables)

 Dressings and emulsified sauces

6.3. Use Levels
Amylomaltase can be used on potato starch or on any type of starch from botanical origin (see 6.1).
Enzyme preparations are generally used quantum satis. The average dosage of the enzyme depends on the
type and quality of the starch, the duration of and the temperatures during the production process and the
desired functional properties of the end product.

A typical use level would be 3 ATU per g dry starch or 3 g of the amylomaltase preparation described in
this dossier per kg dry starch, whereas the dosage range lies between 1 – 5 ATU/g dry starch.

6.4. Enzyme Residues in the Final Food
By nature, the enzyme amylomaltase occurs in animals, plants as well as microorganisms. Literature
describes its presence in, amongst others, human, cows, chicken, pigs, barley, sweet potato, rice, peas,
spinach and many microorganisms such as Aspergillus niger, Bacillus species, Thermus species,
Streptococcus species and baker’s yeast (Schomburg, D., 2013). It may therefore be concluded that the
enzyme amylomaltase is a common constituent of various foods.
As amylomaltase plays a role in the starch and glycogen metabolism of plants, animals and microorganisms
(e.g. baker’s yeast) that are used as or in food, the reaction products (e.g. restructured starch and
glycogen molecules, amylose-limit-dextrin) consequently also occur in food by nature.

It can thus be concluded that the enzymatic conversion by amylomaltase creates reaction products which
are common constituents of food.
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6.4.1. Residues of inactive enzyme in various applications

In all applications, after the conversion of the starch, the solution is heated in a jet cooker. As mentioned
in Section 3.4, the enzyme starts to be inactivated at temperatures of 80°C and higher. The cooking step is
carried out to completely inactivate the enzyme so that no enzyme activity remains in the starch product.
Therefore no enzyme activity is present in the finished product.

Based on the information given in Sections 1.3.2 and 5.1, the following calculations can be made:

Final food Enzyme use levels in
food ingredient

Amount of
ingredient in

final food

Residual amount of
(denatured) enzyme

in final food

Amount of TOS in final
food

[ATU/kg starch] [%] [ATU/kg] [mg TOS/kg]

Dairy products
and cheese
analogues

1000-5000 0.2 – 4 2-200 0.05-5.4

Bakery products 1000-5000 5 50-250 1.3-6.7
Confectionary 1000-5000 5 – 12 50-600 1.3-16.1
Dressings and
emulsified sauces

1000-5000 2 – 5 20-250 0.5-6.7

Fat spreads 1000-5000 1 – 6 10-300 0.3-8.1

6.4.2. Possible Effects on Nutrients
Given the very small residual amount of (denatured) enzyme that will be found in the final food, no
relevant nutritional effects are foreseen. Nevertheless, according to the explanation given in 6.4, any
nutritional effects that would possibly be expected to occur, would be no other than a natural effect.

7. SAFETY EVALUATION

7.1. Safety of the Production Strain

The safety of the production organism is paramount to assessing the probable degree of safety for enzyme
preparations to be used in food production. According to the IFBC, food or food ingredients are safe to
consume if they have been produced, according to current Good Manufacturing Practices, from a
nontoxigenic and nonpathogenic organism (Coulston, F. and Kolbye, A.C., 1990a). A nontoxigenic organism
is defined as “one which does not produce injurious substances at levels that are detectable or
demonstrably harmful under ordinary conditions of use or exposure” and a nonpathogenic organism as “one
that is very unlikely to produce disease under ordinary circumstances” (Pariza, M.W. and Foster, E.M.,
1983).

The classical parent EBA-1 and the recombinant strain, the industrial production strain MAS-3, have been
taxonomically identified by taxomical experts of respectively the TU Delft (The Netherlands) and DSMZ
Braunschweig (Germany). These are independent, internationally recognised laboratories.

As can been seen in Annex 7.1.A, the classical strain EBA-1 (DS 19573) as well as its parent BZ-53 (DS 3225)
were determined as Bacillus amyloliquefaciens. Also the recombinant strain, the amylomaltase production
strain MAS-3 was determined as Bacillus amyloliquefaciens (see Annex 7.1.B).
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The species Bacillus amyloliquefaciens is closely related to Bacillus subtilis, Bacillus licheniformis and
Bacillus pumilus. Since Bacillus amyloliquefaciens and Bacillus subtilis are difficult to separate on the
basis of the classical phenotypic tests alone, Bacillus amyloliquefaciens generally was classified as Bacillus
subtilis. Presently however, these two species can be separated using probabilistic identification methods
based on API-tests, pyrolysis gas-liquid mass spectrometry, DNA-homology and on the molecular % G + C of
the DNA. Consequently, Bacillus amyloliquefaciens has been given a separate species status and its name
has been included on the approved lists of bacterial names (Priest, F.G. et al., 1987).

Most of the information availble regarding Bacillus amyloliquefaciens represents information on Bacillus
subtilis, as most studies fail to distinguish between these species. Bacteria related to Bacillus subtilis are
commonly found in soil and from the soil they are transferred to various environments such as plants, plant
materials, foods, animals and marine and freshwater environments.

Bacillus amyloliquefaciens is not a human pathogen and does not produce toxins under the fermentation
conditions used. For several decades, Bacillus amyloliquefaciens has been safely used in the commercial
production of organic acids and various food enzymes, such as amylase, protease and beta-glucanase
(Pariza, M.W. and Johnson, E.A., 2001). This long experience of industrial use has resulted in a good
knowledge of the characteristics of Bacillus amyloliquefaciens and a thorough understanding of the
metabolic reactions.

The long industrial use and wide distribution of Bacillus amyloliquefaciens in nature has never led to any
pathogenic symptoms. Moreover, no case demonstrating invasive properties of the species has been found
in the literature (De Boer, A. and Diderichsen, B., 1991). Bacillus amyloliquefaciens is therefore generally
accepted as a non-pathogenic organism.

Products from Bacillus amyloliquefaciens have been used in food for many decades with no evidence that
this species produces toxins. The non-toxicogenicity has been confirmed by a large amount of toxicological
tests on enzymes derived from the species, including recombinant strains. These toxicological studies
provided the basis for a positive safety evaluation by the Joint Expert Committee on Food Additives
(JECFA) for numerous enzymes produces with Bacillus amyloliquefaciens or Bacillus subtilis (see also
Annex 7.1.C).

In addition to the positive evaluation of JECFA, countries which regulate the use of enzymes, such as the
France, Australia and Canada, have accepted the use of enzymes from Bacillus amyloliquefaciens in a
number of food applications. Australia and Canada specifically approved the use of the enzyme concerned
in this dossier (see also 7.2). Moreover, the European Food Safety Authority (EFSA) has identified Bacillus
amyloliquefaciens as an organism that complies with the ‘Qualified Presumption of Safety’ (QPS) criteria,
provided it meets the qualification of absence of toxin production (Barlow, S. et al., 2007).

The recombinant Bacillus amyloliquefaciens strain EBA-127 was declared as suitable host strain for the
construction of genetically modified organisms belonging to Group I safe micro-organisms (see 7.1.D) and a
GMO obtained by self-cloning (see 7.1.E).

The use of the plasmid pUB110 for introducing new genetic material in Bacillus subtilis has been reported
to be safe for the purpose of producing food enzymes (Olempska-Beer, Z.S. et al., 2006)(Coulston, F. and
Kolbye, A.C., 1990b).

The recombinant Bacillus amyloliquefaciens strain MAS-3 has been classified both by the Dutch and the
French competent authorities as a genetically modified micro-organism that can be used safely for large
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scale production (see Annexes 7.1.F and 7.1.G respectively). Consequently it was introduced as the
production organism for amylomaltase in the DSM factory in Seclin, France.

Based on the described safety of the wildtype strain Bacillus amyloliquefaciens ((Pariza, M.W. and
Johnson, E.A., 2001, De Boer, A. and Diderichsen, B., 1991) and the insertion and overexpression of the
masQ gene as described in Section 2.2, it can be concluded that the recombinant production strain MAS-3
Bacillus amyloliquefaciens is just as safe as its original classical parent. The production strain only
overproduces the amylomaltase enzyme whereas the ancestral parental strain does not.

The recombinant production organism is asporogenic and at the end of the fermentation, the cells are
effectively killed off (see Section 4.4).

7.2. Safety of the amylomaltase enzyme

Consumer safety of enzyme preparations is determined usually by three variables: the producing organism,
the raw materials used in the production process and the production process itself. In certain cases the
enzyme might be of concern as well.
The safety of the production process is embedded in current Good Manufacturing Practice (cGMP) and
Hazard Analysis of Critical Control Points (HACCP). The recipe of the production process of any new
production strain is kept constant with respect to the raw materials composition (see also 5.2).

The enzyme activity of amylomaltase (transglucosidase or glucanotransferase) with IUBMB number 2.4.1.25
is listed in the Pariza and Johnson (Pariza, M.W. and Johnson, E.A., 2001) paper under “Enzymes used in
food processing today”. The amylomaltase produced by Bacillius subtilis containing a gene from Thermus
aquaticus was evaluated for its safety by S. Tafazoli et al. (Tafazoli, S. et al., 2010) and it was concluded
that this enzyme is safe for food production. The amino acid sequence of amylomaltase from Thermus
aquaticus has a very high similarity with the amylomaltase of Thermus thermophilus (E-value = 0,
sequence identity 88%, see also 3.3). Consequently, the amylomaltase from Thermus thermophilus is safe
for use in food as well.

As described in 7.1, enzymes produced by Bacillus amyloliquefaciens or Bacillus subtilis have already been
used for food production for several decades. In the USA, the FDA has previously affirmed carbohydrase
enzyme preparations from Bacillus amyloliquefaciens as GRAS (21CFR184.1148).
The FAO/WHO Joint Expert Committee on Food Additives (JECFA) has evaluated the safety of mixed
microbial carbohydrase and protease from Bacillus subtilis (now named Bacillus amyloliquefaciens) already
in 1971. A toxicological monograph has been published a year later.
Based on adequate toxicological data and on the fact that Bacillus subtilis occurs ubiquitously and is a
common contaminant of food, JECFA established an unlimited Acceptable Daily Intake (ADI) for α-amylase 
and mixed microbial carbohydrase and protease from Bacillus subtilis.

Apart from the positive evaluation of JECFA and GRAS-affirmation of carbohydrase in the USA, most
countries that regulate the use of enzymes, such as France, Australia and Canada, have accepted the use
of enzymes from Bacillus amyloliquefaciens in food applications (see annex 7.2.A). The use of
amylomaltase from Bacillus amyloliquefaciens in food has been authorized by the Australian and Canadian
governments (see annex 7.2.B and 7.2.C).
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Since it is generally accepted that commercial enzyme preparations of Bacillus amyloliquefaciens are not
toxic and since amylomaltase is a natural constituent of many organisms, including microorganisms, plants
and animals consumed as food (see Section 6.4), it is not expected that amylomaltase would have any
toxic properties.

The enzyme preparation amylomaltase derived from Bacillus amyloliquefaciens strain MAS-3, over-
expressing the modified amylomaltase gene from Bacillus amyloliquefaciens, was evaluated according the
Pariza & Johnson Decision Tree. The decision tree is based on the safety evaluation methodology published
by Pariza and Foster in 1983, which was extended by the IFBC into the decision tree format and published
in 1990. In 2001, Pariza and Johnson published an update. DSM’s decision tree analysis, based on the most
recent update of the decision tree, is described in Annex 7.2.D.

7.2.1. Allergenicity

As proteins, enzymes have the potential to cause allergic responses. Although virtually all allergens are
proteins, it is noteworthy that only a small percentage of all dietary proteins are food allergens. Enzymes
have a long history of safe use in food. The unique role of enzymes in food processing is as a catalyst. Due
to the specific nature of enzymes, only small amounts are required to make desired modifications to the
property of a food. Moreover, residual enzyme still present in the final food will be subjected to digestion
in the gastro-intestinal system. Because exposure to enzymes used as processing aids in food is very low,
even if they were potentially allergenic by the oral route, the likelihood of allergic sensitization of
consumers to these proteins is virtually zero.

The allergenicity potential of enzymes was studied by Bindslev-Jensen et al. (Bindslev-Jensen, C. et al.,
2006) and reported in the publication: "Investigation on possible allergenicity of 19 different commercial
enzymes used in the food industry". The investigation comprised enzymes produced by wild-type and
genetically modified strains, as well as protein engineered variants. The study population was comprised of
400 patients with a diagnosed allergy to inhalation allergens, food allergens, or bee or wasp allergies. It
was concluded from this study that ingestion of food enzymes in general is not likely to be a concern with
regard to food allergy.

Previously, a Working Group of the AMFEP (Association of Manufacturers and Formulators of Enzyme
Products) on Consumer Allergy Risk from Enzyme Residues in Food performed an in-depth analysis of the
allergenicity of enzyme products (Dauvrin, T. et al., 1998). The overall conclusion is that there is no
indication that enzyme residues in foods may represent an unacceptable risk for consumers.
Thus, there are no scientific indications that small amounts of enzymes in food can sensitize or induce
allergic reactions in consumers.

Even though there are no reasons to believe that the ingestion of enzyme proteins will pose an
allergenicity risk, the amino acid sequence of amylomaltase has been compared with the amino acid
sequences of known (food) allergens.For the comparison use was made of the database AllergenOnline™.3

The results indicate that the sequence of amylomaltase does not show 35% or more overlap with known
allergens using a window of 80 amino acids and no matches of 8 amino acids or more are observed. Based
on these results it is concluded that the amylomaltase has no relevant match with known (food) allergens
and is not likely to produce an allergenic or sensitization response upon oral consumption.

3 Available at http://www.allergenonline.org, accessed May 2013. AllergenOnline™ allows the search in NCBI, SwissProt, PIR, PRF, PDB and the WHO-IUIS

databases using a FASTA algorithm.
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With regard to allergenicity of the fermentation media, DSM has concluded that the data that it has and
the public data and information allow it to conclude that there is no published or unpublished data that
suggest there is an allergen causing protein from the fermentation media in the finished enzyme product.
To reach that conclusion, DSM relies on:

1. The Enzyme Technical Association in 2004 conducted a survey of its members, and collected information
on the possible presence of protein from the fermentation media in the final enzyme product. ETA
provided the supporting data and information to FDA in a letter in 2005, and sent an accompanying public
statement which is posted on ETA’s website. The statement concludes that no allergens protein from the
fermentation medium has been found in the finished enzyme, and states that regulatory bodies in both the
EU and Japan have concluded that enzyme preparations do not pose an allergen risk that would require
allergen labeling on the final product. Further, ETA points out that the typical manufacturing process of
enzyme preparations includes a step to separate the biomass and fermentation media from the enzyme.
This step ensures the enzyme product purity and stability, and would likely remove most proteins present
in the fermentation media. A copy of the public statement from the ETA website is attached in Annex
7.2.1.A.

2. In addition, the Food Allergy Research and Resource Program (FARRP) issued a paper in August of 2013
which concluded that because of the nature of enzymes as catalysts, they are used in very small amounts
and the fermentation media is consumed during the enzymatic process. It is clear that any de minimis
amount of fermentation media protein that survived the fermentation process will not cause a significant
public health risk to the consumer. FARRP also underscores the fact that the proteins would likely be
removed during the filtration of the enzyme product, as discussed by ETA. Further, FARRP indicates that
there is no reliable assay that could be used to detect the presence of most allergen proteins in the final
enzyme products, as the proteins would likely be degraded fragments that would not reach levels of
quantitation available with current commercial ELISA assays. The full August 2013 statement, provided as
an attachment in Annex 7.2.1.B, clearly concludes that that any protein allergen present in the final
enzyme product would not be present at a level that requires labeling or present at a level that raises a
public health concern.

3. In addition, DSM has data from a study where wheat derived carbohydrates were used during
fermentation, and an analysis after the fermentation shows the absence of gluten despite a detection limit
of 10 parts per million (ppm). Finally, soy flour was used as a fermentation media, and post-fermentation
analysis of the enzyme product revealed that no soy residue was present, with a level of detection of 0.5
ppm.

Finally, it is our understanding that a search of the scientific literature will not result in a reported allergic
reaction from an enzyme caused by the fermentation medium. The ETA has conducted similar literature
searches in the past, with no findings of allergic reactions due to fermentation media. The fermentation
media as noted above is consumed in the process, and is removed with subsequent purification and
filtration steps used in the enzyme production process. There is no evidence to support that a level of
protein from the fermentation media exists in the final enzyme product which would cause an allergic
reaction.

7.2.2. Leading Publications on the Safety of Amylomaltase Enzymes or Enzymes that are Closely
Related

The safety of the production organism is the main point of attention when assessing the safety of enzymes
used in food processing. In this case, the production organism, Bacillus amyloliquefaciens, has been
demonstrated to be nonpathogenic and nontoxigenic under the fermentation conditions used and any food
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ingredient (enzyme) from that organism will exhibit the same safety properties if manufactured under
current Good Manufacturing Practices (“cGMPs”). Pariza and Foster (1983) noted that a nonpathogenic
organism is very unlikely to produce a disease under ordinary circumstances. In their publication, Bacillus
amyloliquefaciens is included in the authors’ listing of the organisms being commonly used in the industry.

The FDA has also accepted GRAS Notifications for branching glycosyltransferase (GRN 274 and 407),
pectate lyase (GRN 114), pullulanase (GRN 205) and has affirmed carbohydrase (21 CFR 184.1148) and
protease (21 CFR 184.1150) enzyme preparations from Bacillus amyloliquefaciens and Bacillus subtilis as
generally recognized as safe. Furthermore, Bacillus amyloliquefaciens is listed as a common production
organism for food enzymes (Pariza and Johnson, 2001) and has a long history of safe use ((De Boer, A. and
Diderichsen, B., 1991)).

As documented in this notification, Bacillus amyloliquefaciens as used by DSM has been subjected to
genetic modifications that are well characterized and specific in that they do, not result in the expression
of any harmful or toxic substances. The safety studies described in Section 7.4 of this dossier support the
fact that the genetic modification did not result in any toxic effects.

The evaluation of the safety of the genetic modification should be examined based on the concepts
outlined in the publication of Pariza and Foster (Pariza, M.W. and Foster, E.M., 1983). Their basic concepts
were further developed by the IFBC in 1990 (Coulston, F. and Kolbye, A.C., 1990b), the EU Scientific
Committee for Food (Commission of the European Communities, 1992), the OECD in 1991 (OECD
(Organisation for Economic Co-operation and Development), 1993), ILSI Europe Novel Food Task Force
(Jonas, D.A. et al., 1996) and FAO/WHO in 2006 (FAO/WHO, 2006). These evaluations contain the
following components: an identified host strain, descriptions of the plasmid used and the source and
fraction of the material introduced, and finally an outline of the genetic construction of the production
strain. For the DSM host strain EBA-127 this information is found in Section 2.

The amino acid sequence of amylomaltase from Thermus thermophilus has a very high similarity with the
amylomaltase of Thermus aquaticus (E-value = 0, sequence identity 88%, see also 3.3). Tafazoli et al.
((Tafazoli, S. et al., 2010) conducted toxicological studies and a complete safety evaluation on the
amylomaltase from Thermus aquaticus. The T.aquaticus amylomaltase did not display mutagenic, nor
clastogenic activity. Additionally, in a 13-week subchronic toxicity study in rats oral exposure up to 1230
mg TOS/kg bw/day did not reveal any compound-related adverse effects. Consequently, amylomaltase
from Thermus aquaticus was considered as safe for the use a food enzyme. The safety studies described in
Section 7.4 of this dossier support the fact that the T.thermophilus enzyme concerned in this dossier did
not result in any toxic effects.

Moreover, the closely-related amylomaltase naturally occurring in potatoes and barley, D-enzyme, has a
long history of human consumption (Takaha, T. and Smith, S.M., 1999). Other closely-related bacterial-
derived enzymes such as cyclomaltodextrin glucanotransferase (EC.2.4.1.19) or recombinant branching
enzymes have also been evaluated and are considered safe (Pariza, M.W. and Johnson, E.A., 2001) (Bär, A.
et al., 2004).

In general, enzymes (proteins) are unlikely to produce toxic effects after oral exposure, since they are built
from naturally occurring amino acids (normal food constituents) and are degraded in the gastrointestinal
tract. Furthermore, only the denatured enzyme protein is present in the intended food applications, as the
enzyme is already inactivated during the manufacturing process of the food ingredient starch (see 6.4.1).
Consequently, the enzyme is not expected to exert any further activity in the gastrointestinal tract. Should
residual enzyme activity exist, this activity would not be expected to have any toxicological or nutritional
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effect, as the amounts added to the food applications are too small to have an effect on the carbohydrate
digestion in the gastrointestinal system.

These arguments show that the use of the amylomaltase in food applications is unlikely to result in any
adverse effects in humans.

7.2.3. Substantial Equivalence

Several expert groups have discussed the concept of substantial equivalence in relation to food safety
assessment of enzymes. Essentially, all these groups conclude that if a food ingredient is substantially
equivalent to an existing food ingredient known to be safe, then no further safety tests other than those
for the existing ingredient are necessary. This concept is also accepted by the FDA, which in addition has
evaluated the safety aspects of differences in glycosylation but concluded that chemical modification or
site-directed mutagenesis would not raise safety concerns and the proteins are still considered
substantially equivalent.

The following arguments describe why DSM considers its amylomaltase as substantially equivalent to known
enzymes:

a. Amylomaltase from Thermus thermophilus is substantially equivalent to similiar rice, maize, grain and
grape wild-type enzymes that are part of the human diet:

 All three enzymes catalyze the same reaction, i.e. transfer of a segment of a 1,4--D-glucan
to a new position in an acceptor, which may be glucose or a 1,4--D-glucan part of the starch
strain.

b. Amylomaltase from Thermus thermophilus expressed in B.amyloliquefaciens is substantially equivalent
to amylomaltase from Thermus aquaticus expressed in B.subtilis:

 The amino acid sequence of amylomaltase from Thermus thermophilus has a very high
similarity with the amylomaltase of Thermus aquaticus (E-value = 0, sequence identity 88%,
see also 3.3) that was considered as safe for use as food enzyme (Tafazoli, S. et al., 2010).

c. Safe strain lineage concept
In addition to the safety of the amylomalase enzyme itself, the current production strain is derived
from a safe strain lineage of Bacillus amlyliquefaciens. Bacillus amlyliquefaciens is a commonly found
in soil and plant material. In addition, Bacillus amlyliquefaciens has been used for several decades for
the production of enzymes to be used in the food industry. The FDA recently summarized the safety of
microorganisms, including Bacillus amlyliquefaciens, used as a host for enzyme-encoding genes
(Olempska-Beer, Z.S. et al., 2006).

7.3. Safety of the Manufacturing Process

Amylomaltase meets the general and additional requirements for enzyme preparations as outlined in the
monograph on Enzyme Preparations in the Food Chemicals Codex. As described in Section 4, the
amylomaltase preparation is produced in accordance with current good manufacturing practices, using
ingredients that are acceptable for general use in foods, under conditions that ensure a controlled
fermentation and are subject to testing to assure the enzyme product meets the stated specification.
These methods are based on generally available and accepted methods used for the production of
microbial enzymes.
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7.4. Safety Studies

This section describes the studies performed to evaluate the safety of DSM’s amylomaltase preparations
produced with the recombinant Bacillus amyloliquefaciens. All safety studies were performed according to
internationally accepted guidelines (OECD) and are in compliance with the principles of Good Laboratory
Practice (GLP) according to the FDA/OECD.

7.4.1. Summary of Safety Studies

The following studies were performed with the amylomaltase enzyme preparation enzyme preparation:
- Ames test
- Chromosome aberration test
- 90-day oral toxicity study in rats

The safety studies for the Bacillus amyloliquefaciens wild-type amylomaltase were performed with the
same representative batch of unformulated UF concentrate, batch number MEG.GRZ.0905, referred to as
‘tox-batch’, containing 2130 ATU/g and 5.5% TOS.

Results of the Mutagenicity Texts

Ames test
A bacterial reverse mutation test was performed with the tox-batch at TNO, the Netherlands, in order to
assess its mutagenic activity in four selected strains of Salmonella typhimurium, TA 1535, TA 1537, TA 98
and TA 100, as well as in the Escherichia coli mutant WP2 uvrA. All were tested in both the absence and
presence of a metabolic activation system (S9-mix). The study was conducted in accordance with OECD
guideline no. 471, Genetic toxicology: Bacterial Reverse Mutation Test, adopted 21st July 1997.

One bacterial reverse mutation test was performed in the absence and presence of S9-mix with five
concentrations of the tox-batch, ranging from 62 to 5000 µg TOS/plate. Negative controls (water) and
positive controls were run simultaneously with the tox-batch. The negative control values were within the
acceptable range and strain-specific positive controls gave the expected increase in the mean number of
revertant colonies.

The tox-batch was slightly toxic to strain TA1537 in the absence of S9-mix at 1667 µg TOS/plate and 5000
µg TOS/plate and in the presence of S9-mix at 5000 µg TOS/plate, as evidenced by a small clearing of the
background lawn of bacterial growth compared to the negative controls. As only slight toxicity was
observed, no decrease in the mean number of revertants was observed and at least 3 concentrations of the
tox-batch were non-toxic, the test was regarded as valid.

In all strains and in both the absence and the presence of S9-mix, the test substance did not cause a
significant dose-related increase in the mean number of revertant colonies compared with the negative
control.

It was concluded that the tox-batch is not mutagenic under the conditions employed in this study.

Chromosomal aberration test
A chromosomal aberration test in vitro was performed with the tox-batch at TNO, the Netherlands, in
order to assess its ability to induce structural chromosomal aberrations in cultured human lymphocytes in
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the absence and presence of a metabolic activation system (S9-mix). The study was conducted in
accordance with OECD guideline 473, Genetic toxicology: In vitro Mammalian Chromosome Aberration
Test, adopted 21st July 1997.

Two separate tests were conducted. Dose levels of the tox-batch ranging from 10 to 5000 µg TOS/ml were
tested. Negative controls and adequate positive controls were run simultaneously.

In the first test cells were treated / harvested for 4/24 hours (pulse treatment) in both the absence and
presence of S9-mix. Three dose levels of the tox-batch were tested: 1250, 2500 and 5000 µg TOS/ml.

In the second test, the treatment/harvesting times were 4/24 hours (pulse treatment) and 24/24 hours
(continuous treatment) in the presence and absence of S9-mix. Three dose levels of the tox-batch were
tested: 1000, 3000 and 5000 µg TOS/ml.

The incidence of structural chromosomal aberrations found in the negative (vehicle) controls, was within
the historical range. The positive control substances mitomycin C (in the absence of the S9-mix) and
cyclophosphamide (in the presence of the S9-mix) induced the expected increases in the incidence of
structural chromosomal aberrations.

The tox-batch did not induce a statistically significant or biologically relevant increase in the number of
cells with chromosome aberrations in the absence and presence of S9-mix in either of the two tests.

It was therefore concluded that the tox-batch is not clastogenic to cultured human lymphocytes under the
conditions employed in this study.

90-day oral toxicity

A sub-chronic (90 day) oral toxicity study with the tox-batch was conducted at Advinus, India, in order to
assess the systemic toxicity potential of the test item when administered orally by gavage to rats. The
study was conducted in accordance with OECD guideline 408, Repeated Dose 90-day Oral Toxicity Study in
Rodents, adopted 21st September 1998.

The study comprised of four groups of 10 male and 10 female Wistar rats, one control group and three test
groups (low, mid, and high dose). For a period of 90 consecutive days, the test material was administered
daily by gavage at concentrations of 1818 (low), 5454 (mid) and 18182 (high) mg per kg body weight per
day, corresponding with respectively 100, 300 and 1000 mg TOS (Total Organic Solids)/kg body weight/day.
The animals in the control group received vehicle (water) only.
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The following parameters were evaluated in all animals:
 General clinical observations
 Physical/detailed clinical observations
 Ophthalmological examination
 Neurological examination
 Body weight
 Food intake
 Haematology
 Clinical chemistry
 Urinanalysis
 Organ weights (adrenals, brain, epididymides, heart, liver, ovaries, pituitary gland, prostate, spleen,

testes, thymus, thyroid and uterus)
 Macroscopy at necropsy
 Histopathology of organs (control and high dose) and microscopy of all lesions

Results:

 100 mg TOS/kg/day: no treatment-related findings noted

 300 mg TOS/kg/day: no treatment-related findings noted
 1000 mg TOS/kg/day: no treatment-related findings noted

The administration of the tox-batch at levels up to 18182 mg/kg bw/day did not result in treatment
related effects in the rats. 18182 mg/kg bw/day, which is equivalent to 1000 mg TOS/kg bw/day or 38728
ATU/kg bw/day, is considered as the NOAEL.

Conclusion
Summarizing the results obtained from the several toxicity studies the following conclusions can be drawn:
 The tox-batch did not show any mutagenic or clastogenic activity under the given test conditions;
 Based on the results of the sub-chronic oral toxicity study the No Observed Adverse Effect Level

(NOAEL) of the tox-batch is 18182 mg/kg body weight/day, corresponding with 1000 mg TOS/kg body
weight/day or 38728 ATU/kg body weight/day, which is the highest dose level tested for both sexes.

Taking together the results of all safety studies and the published literature (Pariza and Foster (1983),
Pariza and Johnson (2001), Olempska-Beer (2006) and (Tafazoli, S. et al., 2010), amylomaltase expressed
in Bacillus amyloliquefaciens is considered safe for human consumption.
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7.5. Estimates of Human Consumption and Safety Margin

On the basis of the information given in Section 6.4 the following estimation of the human consumption
can be made for adults:

Final food Residual amount of
(inactive) enzyme

in final food

90th percentile
intake level

Estimated daily
intake of TOS

[mg TOS/kg] [g food/per
person/day]1

[mg/kg bw/day]2

Dairy products and cheese
analogues3

0.05-5.4 102 0.0001-0.009

Bakery products4
1.3-6.7 212 0.005-0.024

Confectionary 1.3-16.1 14 0.0003-0.004
Dressings and emulsified
sauces

0.5-6.7 18 0.0002-0.002

Fat spreads 0.3-8.1 8 0.00004-0.001

Total 0.006-0.04
1 Intake levels of bread, cereal based products and potato based products are based on Wilson et al.
(Wilson, J.W. et al., 1997). 90th percentile is approximately 2-times the intake level (CFSAN / Office of
Food Additive Safety, 2006).
2 Calculated for a person of 60 kg.
3 Includes the categories 1) yoghurt, 2) milk desserts, and 3) cheese
4 Includes the categories 1) yeast breads and rolls, 2) quick breads, pancakes, French toast, and 3) cakes,
cookies, pastries, pies. This is highly exaggerated as not all these food products will contain amylomaltase
preparation from Bacillus amyloliquefaciens.

The 90-day oral toxicity study showed a NOAEL of 18182 mg enzyme preparation/kg bw/day, corresponding
to 1000 mg TOS/kg bw/day (see Section 7.4).
Therefore, the Margin of Safety lies between 1000/0.04 = 25000 and 1000/0.006 = 166667.

8. Conclusion

Based on the results of the safety evaluation and review of the published literature it can be concluded
that amylomaltase is safe for its intended use in producing an enzymatically treated starch with improved
functional properties. Toxicity evaluation did not raise any concern and the estimated safety margins are
high. This is further supported by the long history of safe use of Bacillus amyloliquefaciens as production
organism for food enzymes and the natural occurrence of amylomaltase in plants and animals consumed as
foods. Furthermore, the conclusions are supported by several studies reported in literature. Based upon
these factors, as well as upon the limited and well-characterized genetic modifications and the
standardized production of the enzyme preparations, it is DSM’s conclusion that the amylomaltase
preparation from Bacillus amyloliquefaciens is GRAS for its intended use.
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Annex 2.2.A Expression vector for transformation of EBA 127
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Association of Manufacturers and Formulators of Enzyme Products
 

 
 
 
 
 

AMFEP position on SCAN report on use of Bacillus species in animal nutrition 
(Opinion from SCAN expressed on 17 February 2000) 

 
 
 
 
 
The Amfep position on the SCAN report on use of Bacillus species in animal nutrition is that 
there is no scientific rationale for toxin testing as suggested by SCAN.  This position is 
based on the arguments presented in the text below. 
 
 
Introduction 
 
In order to assess the impact of this opinion from the EU Scientific Committee on Animal Nutrition 
(SCAN, Opinion expressed dd. 17 February 2000, http://europa.eu.int/comm/food/fs/sc/scan), we 
have collected and reviewed the pertinent references and the conclusions made in the report.  
Furthermore, Amfep has performed a cytotoxicity pilot study with more than 20 representative 
industrial Bacillus strains (Annex 2).  
 
 
Following are our observations. 
 
A number of significant statements are made by SCAN.  Among these are that “…scientific 
literature suggests that toxin production amongst Bacillus species may be far more widespread than 
previously thought.” The detection of toxin production (at any level), or the presence of genes 
encoding toxins should bring about the application of the “precautionary approach” since the level of 
expression could not be predicted…under all circumstances.  This is particularly true in the case 
where bacilli are used directly in feed, but, when used as a source of fermentation product, the 
same stringency may not be required.  On the other hand, SCAN recommends monitoring of the 
final product for the absence of “toxigenic” material and that evidence calls into question their 
continued use despite a history of apparent safe use.  SCAN then makes recommendations for how 
to ensure the absence of toxins or a capacity for toxin production. 
 
A discussion of taxonomy places the subject organisms into either the B. cereus group or the B. 
subtilis group.  The discussion of the B. subtilis group calls into question the taxonomy of the 
industrial strains of B. subtilis, stating that they may belong to B. mojavensis or B. vallismortis or 
other species. 
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Position Statement: 
 
We advocate the following position regarding the recommendations of SCAN as they apply to B. 
subtilis, B. licheniformis  and B. amyloliquefaciens:   
 
1. The evidence of toxin production and/or implication in disease by B. subtilis and B. 

amyloliquefaciens is weak and/or indirect (see below). The case reports implicating these 
species as causal agents of food poisoning are based on circumstantial evidence and the 
relation has seldom been conclusively established. A very limited number of studies 
reported the possibility of toxin production: 
 
Immunological evidence of toxin production: 
Only one report (Beattie and Williams, 1999) describes positive reaction of a few isolates of B. 
licheniformis with antibodies raised against B.cereus hemolytic and non-hemolytic enterotoxins 
(“reversed passive latex agglutination method”).  
However, the report constitutes no evidence of active toxin(s) produced by these isolates. 
 

Genetic) evidence:  
In a short meeting abstract Chaithong et al. (1999) have shown by PCR  that Bacillus strains 
other than those from the B. cereus taxonomic group a.o. B licheniformis, possess hbl genes,. 
However, the results appear not to be published in more detail or verified. Furthermore,  no 
homology of the hbl operon components can be found in B. subtilis. The degree of homology 
that exists between the B. cereus toxins and those from other species remains unknown and 
thus the value of the existing primers for species other than B. cereus is uncertain. 
 

Biological activity evidence: 
Cytotoxicity has been reported from certain strains of B. licheniformis and  B. subtilis., It is 
questionable, however, if the strains have been identified in the correct way. An argument to 
support this statement is the fact that when a DNA sequence search is done (with for example  
FastA ), using all the B. cereus hbl operon components (L1, L2, B, etc) against the sequences 
from 149 bacteria (including the whole B. subtilis sequence), indeed a number of hits 
(homologies/identities)  can be found to genes in a number of bacteria such as B. cereus and B. 
thuringiensis as well as, Staphyloccus, Enterococcus, Mycoplasma, E. coli, Borrellia, etc.  
However, none to B. subtilis.  
 
References: 
Beattie and Williams, 1999: 4 B. licheniformis isolates from food / 25-50% cytotoxic in MTT-
assay. 10 B. subtilis isolates / 60-70% cytotoxic. 
Salkinoja-Salonen, 1999: B. licheniformis: 210 isolates from food poisoning + 29 other samples / 
13 strains (cell extracts) cytotoxic in boar sperm cells and Corynebacterium  
The toxin from B. licheniformis  showed similar physico-chemical properties to the B.cereus 
emetic toxin but has a different pattern of biological activity (this is not in agreement with the 
diarrhoeal type of food poisoning (enterotoxins) reported from this species. 
Finlay  et al., 1999: 2 B. licheniformis strains and 2 B. subtilis strains from strain collections non-
cytotoxic in MTT-assay. 
 
Implication in disease: 
 
These species have occasionally been reported as causative agents in food poisoning. 
However, the case reports implicating these species as causal agents of food poisoning 
are based on circumstantial evidence and the relation has seldom been conclusively 
established. 
 
B. licheniformis: Mainly the diarrhoeal types of food poisoning (enterotoxins) have been 
reported. Occasionally associated with bovine toxemia and abortions. 
It’s not clear if the enterotoxins are the same as those of B. cereus or if other enterotoxins are 
involved in food poisoning. 

B. subtilis: mainly the emetic type of food poisoning. 
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2. There was no evidence presented by SCAN for production of toxin by any industrial strains of 

these Bacilli or the presence of toxin in any industrial enzyme product; 
 

3. While SCAN expresses doubt regarding the “apparent” history of safe use.  History of safe use is 
substantial evidence for the safety of the products from these organisms (Pariza and Foster 
(1983); Pariza and Johnson (2001), SCF Guidelines, 1992).  In many cases, this constitutes five 
or more decades of experience during which no incidents of toxicity have been reported from 
industrial food and feed enzyme preparations: 

 Pariza M. W. and E.M. Foster, 1983. Determing the safety of enzymes used in food processing 
J. Food. Protect, 46, 453-463. 

 Pariza, M. W. and E. A. Johnson, 2001. Evaluating the safety of the microbial enzyme 
preparations used in food processing: Update for a New Century Regulatory toxicology and 
Pharmacology, 33, 173-186. 

Scientific Committee of Food 1999. Guidelines for the presentation of data on food enzymes, 
27th series, Ref No. Eur14181 EN, pp 13-22. 
 

4. Industry has subjected these production strains, and the products from them, to toxicity tests 
(eg. pathogenicity tests and 14 to 91 day feeding studies)  in animals at many multiples above 
the intended use level (in many cases, safety factors are in the 100s or 1000s).  For feed use, 
products are tested in the target species at least 10 times the normal treatment level (so called 
tolerance tests); 

 
5. Protein profiles for the enzyme preparations are developed and the products are well 

characterized. We routinely look at the protein profiles of our products, particularly if changes in 
the process are made.  The presence of a significant new band would trigger an investigation 
into the identity of the substance.  As further noted, our strains are tested for toxicological 
properties and the profile of any subsequent changes to the production strain are compared to 
the enzyme preparation used for the toxicity tests.  Changes in the pattern of the protein profile 
are investigated and, if necessary, trigger additional toxicological testing; 
 

6. The fact that a species encompasses an exotic isolate with toxigenic properties should not 
compromise the safety of industrial strains with a proven history of safe use. Safety evaluations 
are carried out at the strain level and not at the species level. 
 

7. Validity of the proposed toxin tests for these industrial products has not been shown conclusively 
for B. subtilis or B. amyloliquefaciens and only marginally valid for B. licheniformis (see 
references below). The cytotoxicity results presented for B. licheniformis are inconclusive. 
Therefore, the testing scheme presented by SCAN  in the flow chart appears irrelevant with 
regard to B. subtilis and B. amyloliquefaciens , and only marginally applicable to B. licheniformis, 
but even there, is inconclusive. 

Beattie S.H. and Williams A. G. 1999. Detection of toxigenic strains of Bacillus cereus and other 
Bacillus spp. with an  improved cytotoxicity assay. Lett. Appl. Microbiol. 28, 221-225. 

Finlay, W.J., Logan, N.A. and Sutherland, A.D. 1999. Semiautomated metabolic staining assay 
for Bacillus cereus emetic toxin. App. Environ. Microbiol. 65, 1811-1812. 

Salkinoja-Salonen M.S., Vuorio R., Andersson M.A., Kämpfer P., Andersson M.C., Honkanen-
Buzalski T. and Scoging, A.C. 1999. Toxigenic strains of Bacillus licheniformis related to food 
poisoning. Appl.Environ.Microbiol.65, 4637-4645. 
 

8. By SCAN’s own statement, the “majority of these [industrial] strains evidently lack the genes 
encoding toxins or…a capacity for toxin production and should be considered safe for use”. 
Below is a discussion of the taxonomic and genetic factors which bear on this discussion 
(see Annex 1); 
 

9. The production organism is absent from industrial, food and feed enzyme products. 
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10. Regarding the in vitro cytotoxic potential we would like to emphasize the following important 

point: Recently the cytotoxic principle component was isolated and identified as lichenysin A 
from methanol extracts of the biomass of three of these B. licheniformis strains connected to 
incidences of food poisoning (Mikkola et al., 2000) Using the same boar sperm cells as 
indicator for in vitro toxicity the purified lichenysin A showed the same biological activities as the 
culture extracts and they were qualitatively and quantitatively similar to those of commercially 
available surfactin and completely different from those provoked by the emetic toxin cereulide 
produced by B. .cereus. It is not known whether the lichenysins produced by B. licheniformis 
would affect mammals. However, the acute toxicity of surfactin to mammals is very low. 
 
That means no B. cereus like toxins are produced and have ever been isolated from B. 
licheniformis strains and that it is very unlikely that lichenysins will cause food poisoning. 
 
Mikkola, R., Kolari, M., Andersson, M.A., Helin, J. and Salkinoja-Salonen, M.S. (2000). Toxic 
lactonic lipopeptide from food poisoning isolates of Bacillus licheniformis. European Journal of 
Biochemistry 267, 4068-4074. 
 

 
Conclusion: 
 
It is not clear how the proposed scheme from SCAN adds any substantial information relevant to 
the safe use of industrially produced food or feed enzyme preparations.  The testing, history of use, 
use levels, proven safe production strains and the safety and quality management system of the 
enzyme industry seem adequate safeguards for the use of enzymes in these applications and 
addition of the kind of testing proposed adds nothing to the safety of these products. 
 
In addition, the data of the validated cytotoxicity study performed by Amfep members on 
representative bacillus production strains confirm this conclusion. (Annex 2).  Twenty four (24) 
industrial strains were tested according to the  (slightly amended) test protocol recommended by 
SCAN in 2000. Amongst these strains were 4 B. subtilis.strains, 5 B. amyloliquifaciens strains, and 
15 B. licheniformis strains. All strains were negative for toxin production. The test was validated 
using official positive and negative controls. 
 
Taking into account the scientific and analytical data summarized above, Amfep suggests that the 
relevant commercial bacillus strains are transferred back to the section for which SCAN has 
completed their safety assessment as strains on which there is no cytotoxicity concern . These 
strains have been authorized and on the market in the EU for years. 
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Annex 1:  Taxonomic and Genetic Factors 
 
The genus Bacillus includes a large number of species grouped together based primarily on their 
morphology and sporulation characteristics.  The Bacillus subtilis group includes a large number of 
diverse representatives of the genus.  The availability of total or partial sequence of the genomes of 
some of the members of this group, as well as 16S rRNA comparisons, is clarifying the current 
confused classification.  There are in fact major differences among the B. subtilis group members in 
terms of G/C contents and chromosomal structure.  The close relatedness between B. subtilis, B. 
licheniformis and B. amyloliquefaciens can be demonstrated not only in terms of sequence 
homology, but also in terms of conserved genome organization and genome stability.  On the other 
hand the differences between B. subtilis and the B. cereus group, which includes B. thuringiensis, 
are more conspicuous.  The G/C content is 43 and 34 respectively and the genome organization is 
quite different.  Furthermore, the genome size and stability have also pronounced differences.  
While the B. subtilis chromosome is close to 4.2 Mbp, the B. cereus group has chromosome sizes 
varying from 6.2 to 2.4 Mbp.  The latter group of bacteria is characterized by the presence of large 
plasmids, or ancillary mini-chromosome, which seem to be absent from B. subtilis wild type isolate. 
 
The lack of molecular biology tools to classify the members of the genus Bacillus, has resulted in 
the identification of several bacilli as B. subtilis.  In fact, in most cases, this is not true.  Recently, 
two probiotic preparations sold in Europe and South East Asia and labeled as B. subtilis, B. subtilis 
ATCC9799 and Byosubtil respectively, have been characterized as B. alcalophilus (B. subtilis 
ATCC9799) and B. pumilus (Byosubtil).  This is certainly not an isolated case and the reports that 
describe B. subtilis or B. licheniformis isolate as being toxic need to be controlled more carefully.  It 
needs to be noted also that B. subtilis’ closest relative, B. natto, has been used as a food for over 
thousands of years without any reported health problem.  One must also consider that these 
strains, due to the fact that they have been protected by industry for proprietary reasons for 
decades, are not exposed to lateral gene transfer that could, albeit at low frequency, introduce toxin 
synthetic genes into the production strains.  Furthermore, the availability of the sequence of the 
entire genome for about three years has not lead to the identification of any gene homologous to 
any of the characterized toxins. 
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B. subtilis production and laboratory strains have a long history of safe use: 
 

 The B. subtilis production strains used as production organisms are derivatives or are 
closely related to commonly used laboratory strains.  These particular strains are 
described in the literature and have been used in genetic experiments throughout the 
world for over 50 years.  To our knowledge, there is no report of any type of infection 
caused by such bacteria.    

 Considering the practice, common until the mid-80s, of mouth-pipetting liquid cultures and 
experiments carried out by often inexperienced trainees or students who may have 
accidentally ingested cultures.  One must conclude that the lack of any pathogenic 
occurrences in such individuals must be due to the lack of any pathogenic traits in this 
microbe. 

 
B. amyloliquefaciens production and laboratory strains have a long history of safe use: 
  

 The history of safe fermentations using B. amyloliquefaciens strains is over 50 years and 
to our knowledge has not caused any reports of  illness to workers in the fermentation 
industry or in academia. 

 Before the late 1980s (Priest et al, 1987) B. amyloliquefaciens was considered to be 
taxonomically identical to B. subtilis. So, the considerations mentioned above for B. subtilis 
equally apply to B. amyloliquefaciens. 

 
B. licheniformis  production and laboratory strains have a long history of safe use: 
 

 The history of safe fermentations using B. licheniformis is more than 50 years.  Therefore, 
the same considerations on the handling of large volumes of culture suggested above must 
be taken into account.  

 All the current genetic data suggest that the B. licheniformis derivatives used are 
homologous, if not identical, to the B. licheniformis, which has been the subject of 
numerous genetic studies from the fifties to the late 1980s.  This belief is based on the 
frequency of transformation, and map location observed during genetic studies.  These 
observations result from genetic characterization of production strains. 
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Annex 2: 
 
Summary of the data of the cytotoxicity pilot study performed by Amfep members on 
representative bacillus production strains 

 
INTRODUCTION AND METHOD 
 
The objective of this pilot study was to test for the presence of toxins (enterotoxins or emetic toxins) 
in supernatants from bacterial broth cultures of 24 industrial Bacillus strains. Cytotoxicity assays 
were recommended by SCAN of the EU.   

The method described in this study detects toxin induced cell damage to CHO-K1 cells (Chinese 
Hamster Ovary, epithelial cell line) using the MTT assay which is sensitive to both gross cytotoxicity 
(cell death) and reduction in mitochondrial activity*. The MTT assay technique (Mossman 1983) 
depends on the ability of viable cells to metabolise a water-soluble tetrazolium dye, 3-(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT), into an insoluble formazan salt by the 
action of mitochondrial succinate dehydrogenase.  The formazan produced is extracted and quantified 
by spectrophotometric measurement.  The quantity of formazan produced is considered to be 
proportional to the number and/or metabolic activity of viable cells present in each culture. 
Absorbance values (proportional to mitochondrial activity) were expressed as % activity of control 
cultures (cells + culture medium).  From the dose response curves, IC50 values were calculated (the 
concentration of broth required to cause 50% reduction in activity).  Since broth alone is expected to 
have some effect on the CHO cells, and this effect may vary from batch to batch, the toxicity of 
broths from bacterial cultures were compared to the toxicity of the relevant blank broth.  The ratio of 
IC50 blank broth/IC50 test broth was calculated for each bacterial strain tested. 

Broths from reference Bacillus strains (negative and positive for toxin production) were included as 
controls for both the bacterial culture method and the cytotoxicity assay. 
 
*Cell cytotoxicity assays were among the recommendations from the document: Opinion of the 
Scientific Committee on Animal Nutrition on the safety of use of Bacillus species in animal nutrition. 
(Expressed on 17 February 2000), published by the European Commission Health and Consumer 
Protection Directorate General. The assay described here is a possible alternative for a Hep-
2vacuolisation assay for the emetic toxin. Analytical details were kindly provided by Novozymes. 
 

INDUSTRIAL AND CONTROL STRAINS 
 
Bacterial broth supernatants (BHIG (Brain Heart Infusion Glucose) or SMP (skimmed milk powder) 
from 24 industrial  Bacillus strains, were prepared from seed stocks of the industrial strains from the 
Amfep members.  Amongst these strains were 4 B. subtilis strains, 15 B. licheniformis and 5 B. 
amyloliquifaciens strains. 

Bacterial strains referenced as positive and negative for toxin production were also grown in parallel 
under the same culture conditions, these were: B. cereus (ATCC 49064, NCTC 11145) positive 
control and B. licheniformis (ATCC 9789, NCTC 6346) negative control. 

The experimental phase of the study was undertaken during 2001/2002. 
 

RESULTS AND CONCLUSION 
 
The results for the controls showed no toxin production for the reported negative strain B. 
licheniformis (NCTC 6346) and indicated toxicity for the reported toxin producing strains B. cereus 
(NCTC 11145) (enterotoxigenic) and B. cereus (NCTC 11143) (emetic).  Therefore the results for 
each assay were considered valid. 

The results for all industrial bacillus strains were negative for toxin production under the conditions 
described above under introduction and methods  (Table 1). 
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Table 1 : Results of cytotoxicity of  broth samples of industrial and control strains using  the 
CHO/MTT assay 
 
Tested  strains Number of 

strains 
tested 

Results   

    
Production strains**  Cytotoxic (%)* Non-cytotoxic(%)* 

B. subtilis 4 0 100 
B. licheniformis 15 0 100 
B. amyloliquifaciens 5 0 100 
    
Controls strains    
B. cereus (pos) 2 100 0 
B. licheniformis (neg) 1 0 100 
 
* Cytotoxicity determined using IC50  of the supernatants of the bacterial culture broth 
 
** Official numbers strains :  The commercial Bacillus production strains used for this pilot study  are 
identified with the strain numbers: DSM 9552, DSM 9553, MB 1252, RB 121, SJ1707, MOL2083;  
DS 25566, DS 28135, DS 19573 , DS 28039, GICC 162, GICC 1251; GICC 3005, GICC 3013, 
GICC 3045, GICC 3062, GICC 3078, GICC 3068, , GICC 3088,  GICC 3137,GICC  3140. 
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Annex 3:  About Amfep 
 

The Association of Manufacturers of Fermentation Enzyme Products (Amfep) is a European 
industry association founded in 1977. 

The main objectives of Amfep are: 

 to provide a common basis for representing the interests of its members both toward 
the institutions of the European Union as well as national authorities; 

 to represent the interests of its members in international organisations; 

 to assure a free flow of information between its members on developments related to 
the regulatory status of enzymes in Europe; 

 to inform its customers and other interested parties on the efficacy and safety aspects 
of its enzyme products. 

The members of Amfep produce and sell enzymes for food processing e.g. baking, brewing, fruit-
juice manufacturing and other applications in the feed, detergent, textile, leather and paper/pulp 
industry. These enzymes can be produced by fermentation of micro-organisms (e.g. yeasts, 
moulds, bacteria) or extracted from plant or animal material. 

 

Please find additional information on the Amfep website: www.amfep.org 
 

000069



Annex 3.2.A

000070



The amino acid sequence of the enzyme Amylomaltase (4- -glucanotransferase) of the 
donor organism Thermus thermophilus is as follows: 

 

MELPRAFGLLLHPTSLPGPYGVGVLGREARDFLRFLKEAGGRYWQVLPLGPTGYGDSPYQSFSAFAGNPYLIDL
RPLAERGYVRLEDPGFPQGRVDYGLLYAWKWPALKEAFRGFKEKASPEEREAFAAFREREAWWLEDYALFMAL
KGAHGGLPWNRWPLPLRKREEKALREAKSALAEEVAFHAFTQWLFFRQWGALKAEAEALGIRIIGDMPIFVAEDS
AEVWAHPEWFHLDEEGRPTVVAGVPPDYFSETGQRWGNPLYRWDVLEREGFSFWIRRLEKALELFHLVRIDHFR
GFEAYWEIPASCPTAVEGRWVKAPGEKLFQKIQEVFGEVPVLAEDLGVITPEVEALRDRFGLPGMKVLQFAFDDG
MENPFLPHNYPAHGRVVVYTGTHDNDTTLGWYRTATPHEKAFMARYLADWGITFREEEEVPWALMHLGMKSVA
RLAVYPVQDVLALGSEARMNYPGRPSGNWAWRLLPGELSPEHGARLRAMAEATERL 
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1 SAFETY AND ENVIRONMENT 
 

Restrictions for working with chemicals and ML-I samples are mentioned in the work 
instructions concerning management, storage and use of chemicals, the handling of dangerous 
substances and standard rules for ML-I laboratories. These restrictions are also applicable for 
material that has been in contact with ML-I samples. 
 
When working with strong acids, bases, carcinogenic matters and toxic matters etc. take all 
necessary precautions. 
 
When working with highly concentrated enzyme preparations take all necessary precautions.  
Avoid inhalation of dust add/or prolonged contact with unprotected skin. 
 
 

2 PRINCIPLE 
 
2.1 Application 

 
This method is applicable for the determination of meltamase (= amylomaltase) from Bacillus 
amyloliquefaciens (GMO, amylomaltase gene of Thermus thermophilus) in fermentation 
samples (broth, supernatant, filtrate), down stream processing samples and end products. 
 
2.2   Description of the method 

 
Meltamase is incubated with maltotriose at pH 6.50 and 70 °C, releasing glucose from the 
substrate. The incubation is stopped by adding hydrochloric acid. The amount of released 
glucose is a measure for the meltamase activity and is examined using a glucose test assay 
(NADH formation) on a Selectra analyzer at a wavelength of 340 nm.  
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2.3 Unit definition 
 
One Amylo Maltase unit (ATU) is defined as the amount of enzyme which produces 1 µmol of 
glucose per minute under the assay conditions of the test. 
  
2.4 Measuring range 
 
The measuring range of this method is 0.5 – 2.0 ATU / ml 
 
2.5 Summary validation report 

 
Validation report 61903, version 1.0, Meltamase activity determination using maltotriose as 
substrate, relative method (two steps, manual and Selectra analyzer). 

 
Table 1 Validation parameters, acceptance criteria and summarized results for Meltamase. 

Validation parameters Acceptance criteria  Result Accepted 

Accuracy (confidence limits) 
After standard addition: 
110%>Recovery>90% 

 
93.6% - 102.6% 
 

Yes 

Repeatability 
Relative SDwithin days 
Fermentation broth (FB) 
Filtrate, ccUF, end-product 

 
 
< 5% 
< 3% 

Relative SDwithin days 
Control C329            0.4% 
Sonificated FB          2.1% 
Lysozyme/MPP FB    2.5% 
Filtrate (non-conc)   1.0% 
ccUF                        1.2% 
End-product             2.4% 

 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

 
 
 
 
 
Intermediate Precision 
Relative SD between days 
Fermentation broth (FB) 
Filtrate, ccUF, end-product 

 
 
 
 
 
 
 
< 5% 
< 3% 
 
 
 
 
 
 

Relative SD between days 
Control C329           2.7% 
Sonificated FB          3.8% 
Lysozyme/MPP FB    0.4% 
Filtrate (non-conc)   2.0% 
ccUF                        2.4% 
End-product             2.3% 
 
                               RSDSingle      RSDDuplicate 
Control C329            2.7%           2.7% 
Sonificated FB          4.4%           4.1% 
Lysozyme/MPP FB    2.6%           1.9% 
Filtrate (non-conc)   2.3%            2.2% 
ccUF                        2.7%           2.5% 
End-product             3.4%           2.9% 

 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Linearity (“Best Fit Model”) Range 0.50 – 2.0  ATU/ml Polynomial regression (2nd order) Yes 
Robustness pH and 
Temperature 

Record Satisfying Yes 

System Precision Record 0.52% Yes 
Limit of detection  1NI 1NI 1NI 

Limit of quantitation 1NI 1NI 1NI 

Selectivity / Specificity 1NI 1NI 1NI 

(1)NI = not included. 

 
Validation results for examined meltamase samples: fermentation broth (sonificated and 
lysozyme/MPP treated), non-concentrated filtrate, ccUF and (50% glycerol) formulated end 
product did meet all set acceptance criteria as shown in table 1. 
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3 APPARATUS AND CONDITIONS 

 
3.1 Apparatus 

 
- Clinical analyzer     : Selectra, Vital 
- Selectra sample tubes    : Contents 5 ml 
- Reagent bottle     : 25 ml 
- Balance, accuracy at 0.0001 g   : Mettler AE240 
- Balance, accuracy at 0.001 g   : Mettler PM 400  
- Balance, accuracy at 0.01 g    : Sartorius model 2004 MP 
- PH meter      : Radiometer PHM82 
- Diluter, provided with 0.5 and 5.0 ml cylinders : Hamilton Microlabs 
- Magnetic stirrer     : Variomag, Multipoint HP15 
- Magnetic stirrers     : IKA labortechnik, MINI MR 
- Vortex       : Genie-2 Scientific Industries 
- Disposible culture tubes (glass 16 x 150 mm) : Corning 
- Pipettor 1000 adjusted to 1.00 ml   : Eppendorf 
- Pipettor 5000 adjusted to 4.00 ml   : Eppendorf 
- Centrifuge, 3000 rpm     : Megafuge 1.0 Heraeus, provided with 

inserts for centrifuge tubes of 15 ml       
each 

- Ultrasonic disintegrator provided with process timer: MSE, Soniprep 150  
- Waterbath adjusted to 70.0°C +/- 0.2°C   : Grant W28 
- Thermometer 50°C – 100°C    : Testo, 110 
      

Or equivalent apparatus 
 
3.2 Conditions 

 
Not applicable 

 
 

4 MATERIALS 
 
4.1 Chemicals 
 
-  di-Sodiumhydrogenphosphate 2aq (Na2HPO4.2H2O) : Merck, 1.06580.1000 
-  Hydrochloric acid 0.5 mol/l   : Merck, 1.09058.1000 
-  Triton X-100   : Merck, 1.12298.0101 
-  Maltotriose   : Fluka Biochemica, 63430 
-  Glucose Hexokinase test kit (Ecoline S+)   : DiaSys,1.2511.99.90.314 
-  Protease inhibitor cocktail tablets   : Roche, Complete 1 836 145   
-  System liquid   : Merck, 1.07906.1000  
-  Sputofluol   : Merck, 1.08000.1000 
-   Hydrochloric acid 0.100 mol/l   : Merck, 1.09060.1000 
 
Or equivalent quality 
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4.2 References, standards and controls 
 
Meltamase standard preparation with an official assigned activity. The activity is expressed in 
ATU/ml. Store the stock of the standard amylomaltase preparation in the freezer and amounts 
for daily use in the refrigerator. 
Meltamase control preparation with an officially assigned activity. The activity is expressed in 
ATU/ml. Store the stock of the amylomaltase control preparation and amounts for daily use in 
the refrigerator. 
 
4.3 Reagents 
 
Water: 
Ultra High Quality water, conductivity � 0.10 µS.cm 
 
Phosphate buffer pH 6.50 
Dissolve 9.0 g di-sodiumhydrogenphosphate 2aq in approximately 800 ml water. Adjust the pH 
at 6.50 +/- 0.05 with hydrochloric acid 0.5 mol/l. Make up to 1000 ml with water and mix. This 
solution may be kept for 3 month in the refrigerator. 
 
Phosphate / Triton X-100 buffer solution: 
Add and dissolve 1.0 g Triton to 1 l phosphate buffer solution. This solution may be kept for 3 
month in the refrigerator. 
 
Hydrochloric acid 0.05 mol/l: 
Dilute 50 ml hydrochloric acid 0.5 mol/l with 450 ml water and mix. This solution may be kept for 
3 month at room temperature. 
 
Substrate solution: 
Dissolve 5.00 g maltotriose in approximately 40 ml phosphate buffer pH 6.50 solution in a 50 ml 
volumetric flask. Make up to volume with the same and mix. Always use a freshly prepared 
solution. 
 
Glucose Hexokinase reagent:  
Mix 20 ml (one bottle) reagent R1 with 5 ml reagent R2. This reagent mixture (mono reagent) is 
stable for 3 months in the refrigerator. The reagent must be protected from light. The reagents 
contain 0.95 g/l sodium azide as preservative. Avoid contact with skin. 
 
Protease inhibitor solution: 
Dissolve 1 tablet protease inhibitor Complete in 1 ml phosphate buffer solution pH 6.50. Always 
use a freshly prepared solution. 
 
Diluted system liquid solution (wash water analyzer): 
Add to 10 l water 25 ml system liquid and mix. This solution is stable for 1 months.  
 
Sputofluol solution 10% (washing solution analyzer): 
Mix 1 part Sputofluol solution with 9 parts water. 
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5 PROCEDURE 

 
5.1 Preparation 
 
Not applicable. 
 
5.2 Pretreatment reference 
 
Not applicable. 
 
5.3 Pretreatment standard 
 
Before use allow the standard to attain room temperature. With the diluter dilute from the 
standard 0.500 ml with 4.500 ml phosphate / triton buffer solution and mix. Next with the diluter 
prepare dilutions as indicated in the table below in culture tubes and mix. Prepare the final 
dilutions in duplicate (sample and sample blank).  
 
 

Activity to 
be incubated 

 
[ATU/ml] 

Total 
dilution 

Standard 
sample 

Standard 
solution 

 
[ml] 

Phosphate 
triton buffer 

solution to be 
added [ml] 

Standard 
solution 

 
[ml] 

Phosphate  
triton buffer 

solution to be 
added [ml] 

2.0 1250 S1 0.400 4.600 0.100 0.900 
1.7 1538 S2 0.325 4.675 0.100 0.900 
1.3 2000 S3 0.250 4.750 0.100 0.900 
1.0 2500 S4 0.200 4.800 0.100 0.900 
0.8 3333 S5 0.150 4.850 0.100 0.900 
0.5 5000 S6 0.100 4.900 0.100 0.900 

 
 
5.4 Pretreatment control 
 
Weigh in duplicate the control sample accurately to within 0.001 g, in volumetric flasks. Dilute 
the control sample with phosphate/triton buffer solution to an activity of approximately 1.3 ATU 
per 1 ml solution to be incubated. 
 
5.5 Pretreatment samples 
 
5.5.1 Broth 
 
Pipette from the sample 1.5 ml in a 2 ml plastic sample cup. Add with a pipettor 60 µl protease 
inhibitor solution and mix (dilution factor 1.04). Place the sample cup in melting ice. Using a 
ultrasonic disintegrator adjusted to 10 cycles, 10 sec on and 5 sec off, for sonification of the 
broth sample. During sonification cool the sample mixture in melting ice. Check the amplitude 
value, this must be 10 microns. After sonification replace the sample cup in melting ice. Next 
dilute in culture tubes the samples with phosphate / triton buffer to a final concentration of 
approximately 1.3 ATU per 1 ml to be incubated. Prepare the final dilutions in duplicate (sample 
and sample blank). Store all diluted solutions in a bath with melting ice until starting the 
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incubation. 
 
5.5.2 Downstream processing samples 

 
Activity per g: 
Weigh samples accurately to within 0.001 g, in volumetric flasks. Make up to volume with 
phosphate / triton buffer and mix. Next dilute in culture tubes the sample solution with 
phosphate / triton buffer to a final concentration of approximately 1.3 ATU per 1 ml to be 
incubated. Prepare the final solutions in duplicate (sample and sample blank). Store all diluted 
solutions in a bath with melting ice until starting the incubation. 

 
Activity per ml: 
Dilute the sample in culture tubes with phosphate / triton buffer to a final concentration of 
approximately 1.3 ATU per 1 ml to be incubated. Prepare the final solutions in duplicate (sample 
and sample blank). Store all diluted solutions in a bath with melting ice until starting the 
incubation. 
 
5.6 Preparation measurement 

 
Incubation: 
Samples: 
Starting at time = 0 minutes (stopwatch), in order of the series and with regular time intervals 
place one of the tubes to be incubated into the waterbath at 70.0°C +/-  0.2°C. Starting at time = 
5 minutes, in the same order of the series and at the same regular time intervals add 1 ml 
maltotriose substrate solution at 70.0°C +/-  0.2°C with the dispenser and mix. Place the tubes 
into the waterbath. At time = 35 minutes, in the same order and with the same time intervals 
terminate the incubation by adding 4.00 ml hydrochloric acid 0.05 mol/l with a dispenser and 
mix. 

 
Blanks: 
Add respectively 4 ml hydrochloric acid 0.05 mol/l and 1 ml maltotriose substrate to the blank 
tubes. 
Centrifuge the sample and sample blank tubes for 10 minutes at 3000 rpm (1550 x g).  
Introduce approximately 2 to 4 ml of the reaction mixtures into the Selectra sample tubes. 
 
5.7 Measurement   
 
Starting the Selectra analyzer 
- Fill the external wash container with diluted system liquid solution. 
- Empty the external diluted waste– and concentrated waste container. 
- Place a tube filled with 10% sputofluol in position W of the sample tray. 
- Place a tube filled with water in position B of the sample tray. 
- Place a 25 ml bottle filled with 0.1 mol/l HCl solution in position 24 of the reagent tray. 
- Place a 25 ml bottle filled with Glucose Hexokinase reagent at position 4 of the reagent 

tray. 
- Once a day an automatically cuvette rotor blank is measured and printed. 
Check for each filter (wavelength) the sd value of the measured cuvette rotor blank. The sd 
must be lower than 0.020. 
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In case the analyser was not in the stand-by modus and no rotor cuvette blank was 
determined and printed, run this test as follows; 
- Press “F5”, (Special Functions). 
- Press “F1”, (Rotor / System). 
- Select in the menu, “Reset System”. 
- Press “Enter”. 
- Press “F1”, (Reset System). System initialising is running now. 
- Press “F10”, (return), after finishing “system initialising”  
- Select in the menu, “blank rotor”. 
- Press “Enter”. 
- Press “F2”, (blank), the rotor cuvette blank test is started now. 
- After finishing of the rotor cuvette blank test, the results are automatically printed. 
- Check for each filter the sd value (< 0.020 !). 
Continue the starting procedure as follows: 
- Press “F10”, (return). 
- Select in the menu “fill / empty System”. 
- Press ”Enter”. 
- Press “F1”, (System Fill). Flushing is started now. 
- During flushing check the syringes and the tubing of the reagent and sample probe for 

the absence of air bubbles and leakage.  
- After flushing press “F10”, (return). 
- Press again “F10”, (return). 
- Press “F2”, (install). 
- Select in the menu “change reagent disk”. 
- Check if the Beta reagent disk is selected. In case another disk is selected, press 

“Enter”. 
- Select “Beta reagent disk”. 
- Press “Enter”, the Beta reagent disk is selected now. 
- Press “F10”, (Main Menu).  
The analyser is ready for use now. 
 
Sample request: 
- Press in the Main Menu “F8”, (request samples). 
- Type the run number in “sample number“. 
- Link method 61903 with the first sample number. 
- Press “F4” (repeat mode).  
- Press “F8”, (new sample). Run number two and method 61903 are automatically 

requested now. Press “F8” for each following sample. 
- Press “F9” (load samples). 
- Type the first sample run and press “Enter”. 
- The position of the first sample run is programmed on the sample disk. 
- Place the curse at the second position (under run number 1) and press “Enter”. 
- Press “Enter” for each following sample run. 
- Press “F3” (confirm load). The analyser start the series now. 
 
After finishing of the series follow the next procedure: 
Clear the result buffer: 
- Press “F7”, (Eval. Samples). 
- Press “F2”, (Clr. Res. Buffer). 
- Answer the question ”Res. Buffer” with “Yes”.  
Unload the sample disk: 
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- Press “F9”, (load samples). 
- Press “F4”, (confirm unload). 
- Press “F10”, (Main Menu). 
Remove the sample tubes from the sample disk. 
Remove the bottle with Glucose hexokinase reagent from the reagent disk. 
Place the covers on the reagent and sample disk. 

   
 
6 CALCULATION 
 

Carry out the calculation with the aid of the computer program available for this analysis. If this 
is not possible carry out the calculations as follows:  
 
Prepare a calibration curve by plotting the absorbance versus the exactly calculated activity of 
the standards S1 – S6. This calibration curve must be fitted according second polynomial 
regression, in which y = absorbance and x = activity in ATU/ml incubation solution. This curve is 
used to determine the activity in the unknown samples. 
 
Calculate the activity in the samples as follows: 
 
ATU / ml sample = ATU obtained from the curve  x Df 
    
ATU / g sample = ATU obtained from the curve  x Df / W 
 
Where: 
Df  = Dilution factor 
W  = weight of sample [g]     
 
See appendix 2, example shape of standard calibration line. 
 
 

7 ASSESSMENT 
 

7.1 Requirements 
 

- A (diluted) sample solution must have an activity fitted within the measuring-range. 
- The level of each control value must fit in the range : Cassigned ± 3 x SDoverall 

(Cassigned = Assigned control value; SDoverall  = overall standard deviation of the average 
control value calculated from past series). 

- The relative (absolute) difference in level between (duplicate) control values within a daily  
series is not allowed to exceed a value of 2.8 x RSDwithin day. 

(Relative absolute difference in control values = (│control value 1 – control value 2│/Average control value) x 
100% ; RSDwithin day = relative overall standard deviation “within a day” calculated from past 
series using control values e.g. as determined in validation of the method).  

- The relative (absolute) difference in level between (duplicate) sample values is not allowed to 
exceed a value of 2.8 x RSDwithin day. 

(Relative absolute difference in sample values = (│sample value 1 – sample value 2│/Average sample value) x 
100% ; RSDwithin day = relative overall standard deviation “within a day” calculated from past 
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sample series with a comparable type of matrix e.g. as determined in validation of the 
method). 

- A standard curve point exceeding 5% deviation (after fitting) should be discarded and should 
be considered non-valid (= outlier). Refitting of the standard curve is required. 

- The fitted standard curve should consist of at least 80% of the standard curve points. 
 
The results of the control sample must be expressed as percentage of the assigned value. 
The results of the control samples must be imported into the control charts available for this 
method of analysis. All results have to be evaluated. 

 
 
7.2 Actions 

 
- Repeat the analysis with an adjusted dilution when the outcome is outside the measuring 

range. 
- Repeat the analysis whenever the calibration curve does not comply with the requirements. 
- Repeat the analysis whenever the controls do not comply with the requirements. 
- Repeat the analysis whenever the difference between duplicate do not comply with the 

requirements. 
 
 
7.3 Authorisation 

 
The standards and selected samples meet the criteria as stated in section 7.1. After a training 
period by a for this method authorized technician, a technician will be authorized for this method 
when she/he succeeds in performing the test single-handed whereby 
 
 

8 REFERENCES 
 
Not applicable. 
 
 

9 REMARKS 
 
Appendix 1, Selectra program Meltamase glucose assay 
 
Appendix 2, Example meltamase standard calibration line 
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Appendix 1: Selectra program Meltamase glucose assay 
 
 
Test parameters 
 
Name    : 61903 
Abbr. Naam  : melt 
Mode     : Endpoint 
Wavelenght  : 340 nm 
Units     : Abs. 
Decimals  : 3 
Low Conc.  : 0.000 Abs 
High Conc.  : 0.000 Abs 
Calibrator name : none 
Prozone Check : No 
Ref. male low  : 0.000 Abs 
Ref. male high  : 0.000 Abs 
Ref. female low : 0.000 Abs 
Ref. female high : 0.000 Abs 
Ref. ped. low  : 0.000 Abs 
Ref. ped. high  : 0.000 Abs 
Ref. panic low  : 0.000 Abs 
Ref. panic high : 0.000 Abs 
Control  1  : none 
Control  2  : none 
Control  3  : none 
Correlat. faktor : 1.000 
Correlat. offset : 0.000 Abs 
 
Dual Mode 
Sample Blank  : No 
R1 bottle  : 25 ml 
normal volume : 240 µl 
re-run volume  : 240 µl 
Sample 
normal volume : 5.0 µl 
rerun volume  : 5.0 µl 
R2 bottle  : 5 ml 
normal volume : 0 µl 
rerun volume  : 0 µl 
Pre-dilution  : No 
Incubation time : 11.5 min 
Low Absorbance : 0.000 Abs 
High Absorbance : 3.000 Abs 
R. Ext. L. Limit  : 0.000 Abs 
R. Ext. H. Limit : 3.000 Abs 
Reagent Blank : No 
Factor    : 1.0000 
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Appendix 2, Example meltamase standard calibration line 
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relative method (two steps, manual and Selectra analyzer) 
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HISTORY 
Version Description of the modification 
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Draft. 

2 
 

Method adapted for introduction of new DSM standard preparation. 
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Activity expressed in new ATU units. 
Granutest 250 replaced by glucose Hexokinase reagent. 
Validation report summary added. 
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. SEP-11-2003 14:57 CHEMISTRY/ENVIRON. TEAMS 

DEPARTMENT OF HEALTH a. HUMAN SDVIC£5 

September 11, 2003 

Mr. G~ry Yingling 
Ki~l~patrick' az.· Lockhart LLP 
1800 Mas~chu$etts Av~nue> NW 
Second Floor 
WashillgJon, 0~ 20036-1221 

202 418 3030 P.02/05 

Public Health Servico 

Food and Drug Administration 
Washington DC: 20204 

You request~~ :on bc:halfof the Enzyme Technical Association, that OFJ\S r~vi~w the use of 
•· .··.·.certain~defoat!'ijhg ~dflocculatingagentsin the manufacture ofenzy.rne~para1ions used in 

food. You·pr~vided .information ~lated toth~se comppuncls in ymtt letters of December 20, 
1996 (to Dr; A;lan Ruli$). 4-24-1998, (to Dr. Zotia Olen1pska~~~r), attdl 1.•3 0-99 (to Dr. Zofia 
Ol~lllPskA"El~~t~. Y qu also. arrange~ for a teleconference betWeen ETA. membc;:rs andOFA'S 
r~preS¢~tati~~~~·f8fi1itated teleplJQ~e ce};ltacts with~ecbnical'~xperts from ETA m~mber. ·· 
companies,·~if r,espondedto n~~erous requests f'ot cianfication. We appr~ciate your and ETA'~ 
cooper@:tion:.' · · · .· · 

We reviewed th~ infqrmatipn oridtfoaming and flocculatip;g ~&el\ts that you su~mitted,as well as 
the informafi:~n provided in GRAS affirmatiol1 petitions and QltAS noti.ces for enzyme 
preparaUol'ls. The enqlosed attaelunent provid~ · ~ brief,oyery(ew of otir ~valuation and itemizes 
the evaluate:cJ.defo,amers (Table 1) amt'flocculafiW (:J;aqle ?); ,,}Ve conchldtfthatdiese compounds 
are used by ell.Zyme manufacturers in accordance.withtl}~<Principles of,gc)Od man\lfactudng 
practice (Ol\4P). · ·· · 

Sin.cerely yows, 

A .·. JI;Yt.J.:"A 
Lath.~Tarantino, Ph.D. 
Acting Ditector 
Offiee of Food Additive Safety, HFS-200 
Center for Food Safety and Applied Nutrition 
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Defoami11-g and Flocculating Agents Used in the Manufacture-of Enzyme 
Preparatipns Used in Food 

Enzyme Prep,rations 

Most enzymes cuttentJy used in food are derived from microorganisms. The manufacturing 
process of such enzymes includes three major St!P,S: fermentation, enzyme recovery, and e~zyme 
formulation. The formulated prod-ucts are general'Jy refe~d to as enzyme preparations .. In 
a.dcl.ition to tne enzymes of interest, enzyme prepati\tigns contain added substances such as 
diluents, prtservatives, and stabilizers. They may aiso contain metabolites defived from the 
production IJlipfOorgapism and the n;sidues of substances used in the mantifactilring process, 
such as compp:nents ofthe fermentation medium or defoaming and flocculating agen~ ~;t.sed 
during fermenta~ion•artd recovery. When FDA reviews safety data on enzyme preparations, it 
considers ~ll ciorltpc)nents>ofthe preparation.. · · ··· · 

. ~ 

Defoam,ing~~~~ts 

[>efoaining:~gents {defoamers) areti~~ by enzyme manufacturers to reduce or pre:ventfoaming 
duril.lgfe.ru1e~~apon and recovery. They are fonnulated. with ancillary:in~clients such as 
surface.::~ctive~~~ntsorcaniers. Pefoamers currently used in the·manY,~aet~ of food enzymes · 
~re listed in Tatl)e 1. Tl)e Table in~ludes five major defoame.rs that arei~ntified:bya double 
~sterisk and se~~ral co:inpoun(fs ~h~tare us,ed either as secon4acy defo~ers,<pr'lill!l~iJlary 
ingredients i~··~efoamer formulations• ·· · ·~~ · ~ · · · ·· ~ .. · ,~. · 

The major defoamers ar~ adcledto'the ~fennerttatjpn broth at Ieve~s within the range ~fO.OS-1% 
on a,weight bas~s. Some of these:(l,efbamers~for example, polyoxyethylen~polytixypr0pylene 
blockcopol)'Ille~. may contain tr~ce levels of ethylene oxide, propylene oxi~. and l.4~dioxarie 
whic}l.are kriow1l to cause cancer in laboratory ~imals. The Office of Fobd Additive Safety 
( OFAS) has evaluated the use of defoamers list~ in Table l. and deterinined that hl.Unan 
exposure to the residues of these defoamers in enzyme prepar~tions does not present human 
safety concern. . 

Flocculating Agents 

Flocculating agents (flocculants) are usedJn the enzyme recovery step to separate mi.crobial cells 
andcell deeds fr-om the fermentation broth contail1·ing the dissol\ied.enzyme. The flocculation 
typically consists. of two steps w primary flocculati.on and secondary flocculation. ·l1l the primElry 
flocculation~, inorganic salts (sue~" as c~~ium chlorige or aluminum s1.;1lf~te) or "lowmolepuhir 
weight" polymers (such II,S polyanrlnesyare used to agglomerate th~ ceUul3rdebris. The primary 
flocculation is usually followed bythe secondary flocculation in w~ich ~'high m9lecular weight" 
polymers are used to aid the fonnation of larger agglomerates that are subsequently removed by 
centrifugation or fidt~don. The pplymers used.as flocculants can be either cationic or anionic. 
The catioruc polymers are added to the fermen~ation broth at levels not higher than 1% on a 
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weight basis. The anionic polYillers are used at levels·at or bel()w 0.025%. 

The flocculants used in the manufacture of food enzymes are listed in Table 2. They include 
inorganic salts, polyamines, and polyacrylamides. Several of these compounds are regulated in 
21 CPR either,as food additives or GRAS substances. Certain polyamines tnaY contain traces of 
epichlorohyd.rihand 1,3-dichloro-2-propanol. Polyacrylamides usually t•;mtainVery low levels of 
acrylamide; .Wbese contaminants of polyamines and polyacrjlamides are known to cause cancer 
in laboratory. animals. OFAS has evaluated all polymers included in Table 2 and detennined that 
human expos~.tre to the residues of these flocculants in enzyme preparations does not present 
hulllan safety concern. 

Sources of Information on Defoamers and Flocculants 

OPAS c()mpil~ data on defoamers and flocculants listed in Tabl~ 1 and 2 using information 
volt~~tarily submitted by the Enzyme· Technical Ass.oeiation. OFAS also relied on the 
infol'l1}ation pxg;vided in GRAS affirmation petitions and GRAS no.ti.ces for enzyme preparations. 
Other sources of information included published articles. computer searches. and Material Safety 
Data Sheets issued by manufacturers of defoamers and fl~cular:a.ts. ' 
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Tabl~ 1. Defc>amerS Used in the Manufacture of Food ~nzyQJ.es 

. Compound CAS Reg. No. 

;;::'- ,' 

roly.propyll:me··~ycolllt* 2532U9-4 
.·,;. 

Polyglycerol >· 
pdlyetbylen~ 

· polypropylent::•gly~l. 
··· et~.r,.oleate'•• · · 

78o41-14-2 

Polyoxyetbyle!l~ · 9ooa;;u.,; 
polyoxyproJ)Yleij~ block 
C0p()ly~et111111 •• !:'.. .· . 

,· ··'.''... .• . ., .. ' : 't· 
Polypropyl~e &;'yeol 9(»03 .. 1H 
nu> .. o~uu.~· C,pl41)',!* .·•· 1 

.. · 

Silica 

; Stearic acid 

Polysorblltes . • . 
'(polyo7!'f:etb:YI~e 
8Qrbi~an fa:tty &~cid 
esterS) 

~~48:62., /. 
i68 .. 18·l ... 

Rape;! oil moDO· and 93763..'31~6 
·. 'llglyeerides · · 

White mineral oil 6474247w8 

. 

:; 

.; 

/. 

•. 

. ,, 
·. 

Supplelne9tal 
Iii formation .. 

Average MW:2000 

.,.:·:· 

.'. 

. .. • f" 

.... ,,,:: 
•.· . 

··p, ' :-:: 
. ....... :. •.: . . 

. · .. 

Po.ysorb8te ·~· (CA~· .·. 
. No~ 900Sii67..$, . 

3 

Ptily~~~-te 65 (CAS 
.No~ 900$.;7:1,~}, ~· ' 

•· polysor~~so (CAS 
~o. 9005~ii!·~ are 
r~julated aiJfo()d., , 
additiv~ and ll~J,Inpo· .. ..·. 
nent$ of de(oa:liter 
formwatlo~ 

, ' ' ' • '~ ~_..' >, 

·., .. 

1··:~1!. . 

,',, 
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.. Table 2. Floccrulants Used in the Manufacture .of Food EllZ)'mes 

Compound 

Di,.thyJa~ne--' 
epidaloroh)'drin 
to.Polyme~ 

M~tby~ 
i~picbloroliydrin 

. ' ~~Jlolyrner 
'·';. -, . . . . 

Dbnetb lamlite- · · .. · ' y .. 
f:lp~orohydrin~ • 
ethylenedia~.ne 
1e,rpqJy~J~er 

Polyacrylamide 
modified by 
condensation with 

·· formaldJhyde.and 
.. cil~thylamip.~ · 

CAS Reg. No. 

25988·97 ..() 

31568-3!·1 

67953-80-4 

I 

A;~ry·'-·~·~~ ";· . .... ' 69.418·26-4 
·~~r•~etlly•~1(,.ethyJ .. 

:==~di'E'.d', •i 

Ca'lclu~ chloiid'e 1003S·CW•8 
'10043~52·4 

1 

.·· Supplement81 
. Information· 

Cationic polyamine 

Cationic polyamine 

Cationic polyacrylamide.: 

CatloQic pdlyaceylarhide 

Anlcmit poly .. erylamide 
_2 .• ·• 

4 
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T U Delft 

Royal Gist brocades N.V. 
R&D/SCS/Strainconservation 
Attn.: Henk Spierenbrurg 
P.O. Box 1 
2600 MA Delft 

Your reference and date Our reference 

Subject 

Dear Henk, 

Delft Univers ity of Technology 
Faculty of Chemical Technology and Materials Science 
Kluyver laboratory of Biotechnology 

P.O. Box 5057 
2600GB Delft 
The Netherlands 

Department 

Office telephone 

(31-15) 78 2415 

Julianalaan 67 
2628 BC Delft 
The Netherlands 
Telex 38151 butud nl 
Fax (31-15) 78 23 55 

Date 

22-10-1991 

-Microbiology & Enzymology 

Herewith I would like to inform you that identification of the strains DS 3225, DS 
13619 and DS 19573 which were received on May 8, 1991, is based on the 
phenotypical properties measured by using the standard systems of API, completed by 
additional tests and the most recent information from literature. 
The outcome of the data of these tests concerning the strains DS 3225 and DS 19573 
has lead, by means of a modified and optimized computerprogram to the 
identification of Bacillus amyloliquefaciens. 
The outcome of the data of strain DS 13619 has, by using the same systems, lead to 
the identification of a Very A-typical Bacillus subtilis/amyloliquefaciens. The final 
identification is possibly the result of the presence of a plasmid in this strain. 

The historical relation between B. subtilis and B. amyloliquefaciens is as such, that in 
case identification should be performed before the date of approval of Bacillus 
amyloliquefaciens to be a recognized species (IJSB 37:69 1987), abovementioned 
strains would be identified to be atypical Bacillus subtilis. 

Kind regards 

/Jr. J. van der Toorn, 
TUD Bacterial coHec ion 
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Identification of strain MAS-3 (DS50298) 
(DSM 06-174) 

Bacillus amyloliquefaciens 

Properties of the strain 

Rods 
width [Jm 
length [Jm 

Aminopeptidase Test 
KOH Test 
Oxidase 
Catalase 

Spores 

Anaerobic growth 
VP reaction 
pH in VP broth 

Maximum temperature 
growth positive at 
Growth negative at 

Growth in 
medium pH 5. 7 
NaCI 2% 

5% 
7% 
10% 

Acid from 
D-glucose 
L-arabinose 
D-xylose 
D-mannitol 
D-fructose 

Use of 
citrate 
propionate 

N02 from N03 

lndol reaction 
Phenylalanine deaminase 
Arginine dihydrolase 

+ 
0.6-0.8 
2.0-3.5 

+ 
+ 

not detected 

6,8 

+ 
+ 
+ 
+ 
w 

+ 
+ 

n.g. 
+ 
+ 

w 

Esculin hydrolysis 

Hydrolysis of 
starch 
gelatin 
casein 
tween 80 

Sammlung von 
Mikroorganismen 
und Zellkulturen GmbH 

22.3.2006 

+ 

+ 
+ 
+ 

abbreviations: w =weak; n.g =no growth 

RESULT: strain MAS-3 (DS50298) 
= Bacillus amyloliquefaciens 

The partial sequencing of the 16SrDNA 
shows a similarity of 100% to Bacillus 
amyloliquefaciens. 

The analysis of the cellular fatty acids 
shows good correspondance to the 
profile of the Bacillus subtilis group. 

The physiological data almost confirm 
these results. 

000096



E063084.08A [14707] UN-V-06-174-MAS3-DSM 

Volume: DATA File: E063084.08A Seq Counter: 4 
Method: TSBA40 Type: Samp Bottle: I 0 

Created: 08.03.2006 11:01:01 
Sample ID: UN-V-06-174-MAS3-DSM 

RT Response Ar/Ht RFact ECL Peak Name Pet·cent 
1.618 4.108E+8 0.026 7.005 SOL VENT PEAK 
1.725 1207 0.032 7.215 
6.786 2198 0.033 0 997 13.6I9 140 ISO 1.43 
7.311 481 0.035 0.987 14.000 140 0.31 
8.277 25600 0.036 0.974 14.623 I5 0 ISO 16.29 
8.417 57000 0.037 0 973 I4.7I3 I5 0 ANTEISO 36.2I 
8.862 947 0.039 0.967 I5.000 I5 0 0.60 
9.5I4 1070 0.035 0.96I I5.390 I6: I w7c alcohol 0.67 
9.9IO 8903 0.039 0.958 I5.626 I60 ISO 5.57 

IO 130 I7I5 0.040 0.956 I5.758 I6:I wile 107 
10 534 534I 0.04I 0.953 15.999 I6:0 3.32 
I1.213 2493 0.041 0.948 I6.390 ISO I7:I wiOc 1.54 
11.368 I197 0.044 0.947 16.480 Sum In Feature 4 0.74 
11.630 25436 0.041 0.945 I6.63I I70 ISO 15.70 
11.791 25039 0.041 0.944 I6.723 I70 ANTEISO I5.44 
12.273 987 0.040 0.94I I7.000 I7 0 0 61 
14 041 806 0.043 0 932 I8.000 18 0 049 

1197 Summed Feature 4 0.74 

ECL Deviation: 0.001 Reference ECL Shift: 0.003 
Total Response: 159212 Total Named: 159212 
Percent Named: 100.00% Total Amount: 153089 

Matches: 
Library Sim Index Entry Name 
TSBA40 4.10 0.514 Bacillus-subtilis* 

FID1 A. (E06308.408\A0044707 .0) 

pA 

22 

20 

18 

16 

14 

12 

25 7.5 10 

Sherlock Version 4.5 (0209B) 

Pagel 

ID Number: 14707 

Commentl Comment2 
<min rt 
<min rt 
ECL deviates 0 000 Reference -0.00 I 
ECL deviates 0 000 Rctercncc -0 00 I 
ECL deviates 0.000 Reference -0 00 I 
ECL deviates 0.000 Reference -0 00 I 
ECL deviates 0.000 Reference -0 00 I 
ECL deviates 0.003 
ECL deviates -0.00 I Reference -0 003 
ECL deviates O.OOI 
ECL deviates -O.OOI Reference -0 003 
ECL deviates 0.002 
ECL deviates 0.004 I7 1 ISO !/ANTE! B 
ECL deviates 0.001 Reference -0 002 
ECL deviates 0.000 Reference -0 003 
ECL deviates 0.000 Reference -0.003 
ECL deviates 0.000 Reference -0.005 
17 I ISO IIANTEJ J3 I7I ANTEJSO B/i I 

Number Reference Peaks: 11 

~ 
0 
~ 

12.5 15 175 m1n 

Printed on 09-Mrz-2006 
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DO#50963 

JECFA safety evaluation of various enzymes produced by Bacillus 
amyloliquefaciens (subtilis) 
 
 
1) AMYLASE FROM BACILLUS SUBTILIS: WHO Food Additive Series 28 (37th JECFA 
meeting, 1991): http://www.inchem.org/documents/jecfa/jecmono/v28je05.htm 
 
2) ALPHA-AMYLASE FROM BACILLUS MEGATERIUM EXPRESSED IN BACILLUS 
SUBTILIS: WHO Food Additive Series 28 (37th JECFA meeting, 1991): 
http://www.inchem.org/documents/jecfa/jecmono/v28je07.htm 
 
3) ALPHA-AMYLASE FROM BACILLUS STEAROTHERMOPHILUS EXPRESSED IN 
BACILLUS SUBTILIS: WHO Food Additive Series 28 (37th JECFA meeting, 1991): 
http://www.inchem.org/documents/jecfa/jecmono/v28je06.htm 
 
4) MALTOGENIC AMYLASE: WHO Food Additives Series 40 (49th JECFA meeting, 
1998): http://www.inchem.org/documents/jecfa/jecmono/v040je06.htm 
 
5) alpha-ACETOLACTATE DECARBOXYLASE: WHO Food Additive Series 40 (49th 
JECFA meeting, 1998): http://www.inchem.org/documents/jecfa/jecmono/v040je05.htm 
 
6) XYLANASE FROM BACILLUS SUBTILIS EXPRESSED IN BACILLUS 
SUBTILIS(63th JECFA meeting): FAS 54-JECFA 63/149 
 
7) XYLANASE (RESISTANT TO XYLANASE INHIBITOR) FROM BACILLUS SUBTILIS 
CONTAINING A MODIFIED XYLANASE GENE FROM BACILLUS SUBTILIS (63th 
JECFA meeting): FAS 54-JECFA 63/149 
 
8) MIXED MICROBIAL CARBOHYDRASE AND PROTEASE: WHO Food Additives 
Series 1 (15th JECFA meeting, 1972): 
http://www.inchem.org/documents/jecfa/jecmono/v001je02.htm 
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VROM (Ministry of Housing    Directorate-General for Environmental Protection 
Spatial Planning and the Environment)   Direction Substances, Safety and Radiation  

Department Radiation, Nuclear and Biosafety 
 

DSM Anti-Infectives B.V.                                                                                                      RIVM/SEC/Bureau GGO                                                                                                          
Attn.: Dr. P.W.M. van Dijck, DSM Strain Director                                                  Anthonie van Leeuwenhoeklaan 9 
P.O. Box 1                                                                                                P.O.Box 1 
2600 MA  DELFT                                                                                                                           3720 BA Bilthoven 
                                                                                                                                                         Tel: 030-2744197 

                                                                                                                                      Fax: 030-2744401 
                                                                                                                     E-mail: bggo@rivm.nl 

URL : www.rivm.nl/sec/bggo_nl.html 
 
 
Decree new application : EVO 04-011         
 
Date   Reference   Attachments 
26 July 2004  EVO 04-011.bes 
 
Your letter   Your reference   Copies to: 
29-06-2004   PWMvD/REG#445273  Commission Genetic Modification (COGEM) 
 
 
 
 
 
Dear Board of Management, 
 
Herewith I send you a permit based on the Decree Genetically Modified Organisms Act 
Environmentally dangerous substances (Official Journal 1993, 435), with the nummer EVO 
04-011.  
 
Interested parties may oppose to this decision, within six weeks after it has been send, 
based on the General Administrative Law, by submitting a motivated petition to the State 
Secretary of Housing, Spatial Planning and the Environment. The petition has to be 
addressed to: The State Secretary of VROM attn. RIVM/SEC/Bureau GGO, P.O. Box 1, 
3720BA Bilthoven. The petition has to bear a date and a name and address. It must be 
shown clearly why the decision is petitioned and when possible a copy of the decision should 
be included. 
 
 
Sincerely, 
 
 
Dr. Ir. B.P. Loos 
Bureau GGO (Bureau for GMO Affairs) 
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VROM (Ministry of Housing    Directorate-General for Environmental Protection 
Spatial Planning and the Environment)   Direction Substances, Safety and Radiation  

Department Radiation, Nuclear and Biosafety 
 
Rijnstraat 8 
P.O. Box 30945 
2500GX The Hague 
Internal postcode 645 
 
www.vrom.nl 
 
 
Decree 
DGM/SAS EVO 04-011/00 
 

 
Having read the application of DSM Anti-Infectives B.V., in Delft, of 29-06-2004, reference: 
PWMvD/REG#45273, 
 
The State Secretary of Housing, Spatial Plaaning and the Environment, 
 
Considering, the provisions in the Regulation Genetically Modified Organisms (Official 
Journal 1998, 108), article 2 of this Regulation, and that for the application at hand no 
specific advise was asked from the COGEM, 
 
Decides: 
 
The strains Bacillus amyliquefaciens EBA-126 and EBA-127 are approved as a genetically 
modified organisms belonging to group I with which activities of both category A and B may 
be carried out.  
 
 
The Hague, 23-07-2004 
The State Secretary of Housing, Spatial Planning and the Environment, 
On his behalf, the Director-general Environmental Control 
b.o. The Head of the department Radiation, Nuclear- and Biosafety 
 
Mr. A.B. Holtkamp 
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DSM Anti-lnfectives B.V. 
T.a.v. dr. P.W.M. van Dijck, DSM Strain Director 
Postbus 1 
2600 AM Delft ~-~w 

Beschikking nieuwe aanvraag: EVO 04-011 

Z'o J uiu zoo4 Kenmerk 

EVO 04-011.bes 

Uwbrief Uwkenmerk 

29-06-2004 PWMvD/REG#45273 

Geachte Directie, 

Bijlagen 

Afschrift aan 

Directoraat-Generaal Milieu 
Directie Stoffen, Afvalstoffen, Straling 

Afdeling Straling, Nucleaire en Bioveiligheid 

RIVM/SEC/Bureau GGO 
Anthonie van Leeuwenhoeklaan 9 

Postbus 1 
3720 BA Bilthoven 

Telefoon 030 274 41 97 
Fax 030 274 44 01 

bggo@rivm.nl 
www.rivm.nl/sec/bggo_nl.html 

Commissie Genetische Modificatie 

Hierbij zend ik u een vergunning op grand van het Besluit genetisch gemodificeerde organismen Wet 
Milieugevaarlijke Stoffen (Stb. 1993, 435), met nummer EVO 04-011. 

Tegen deze vergunning kunnen belanghebbenden binnen zes weken na verzending van de beschikking op 
grand van de Algemene wet bestuursrecht een gemotiveerd bezwaarschrift indienen bij de Staatssecretaris 
van Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer. Het bezwaarschrift moet gezonden worden 
aan: De Staatssecretaris van VROM, t.a.v RIVM/SEC/Bureau GGO, postbus 1, 3720 BA Bilthoven. Een 
bezwaarschrift moet van een datum en een naam en ad res voorzien zijn. Er moet duidelijk worden 
aangegeven waarom tegen de vergunning bezwaar wordt aangetekend en zo mogelijk wordt een kopie van 
de vergunning meegezonden. 

Hoogachtend 

dr. ir. B.P. Laos 
Bureau GGO 
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Directoraat-Generaal Milieu 
Directie Stoffen, Afvalstoffen, Straling 

Afdeling Straling, Nucleaire en Bioveiligheid 

besc 

Rijnstraat 8 
Postbus 30945 

2500 GX Den Haag 
lnteme postcode 645 

www.vrom.ni 

ikking 
EVO 04-011/00 

Gelezen de aanvraag van DSM Anti-lnfectives B.V., te Delft, van 29-06-2004, kenmerk: 
PWMvD/REG#45273, 

De Staatssecretaris van Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer, 

Overwegende, 
het bepaalde in de Regaling genetisch gemodificeerde organism en (Staatscourant 1998, 1 08), artikel 2 van 
die regaling, en dat voor onderhavige aanvraag geen specifiek COGEM advies is gevraagd, 

Besluit: 
de stammen Bacillus amylo/iquefaciens EBA-126 en EBA127 zijn geschikt bevonden als genetisch 
gemodificeerde organismen die behoren tot groep I waarmee activiteiten van categorie A en B mogen 
worden uitgevoerd. 

Den Haag, 23-07-2004 
De Staatssecretaris van Volkhuisvesting, Ruimtelijke Ordening en Milieubeheer, 
Voor deze, 
de directeur-generaal Milieubeheer •1· 
0.1., 

directeur Stoffen, Afvalstoffen, Straling 

mr. A.B. Holtkamp 
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DSM Anti-lnfectives B.V. 
T.a.v. dr. P.W.M. van Dijck, DSM Strain Director 
Postbus 1 i 
2600 AM Delft ~~1t<Wii4.l 

Beschikking nieuwe aanvraag: EVO 04-013 

~~6 J u ll 200~ 
Uw brief · 

Kenmerk 

EVO 04-013.bes 

Uwkenmerk 

29-06-2004 PWMvD/REG#445273 

Geachte Directie, 

Bijlagen 

Afschrift aan 

Directoraat-Generaal Milieu 
Directie Steffen, Afvalstoffen, Straling 

Afdeling Straling, Nucleaire en Bioveiligheid 

RIVM/SEC/Bureau GGO 
Anthonie van Leeuwenhoeklaan 9 

Postbus 1 
3720 BA Bilthoven 

Telefoon 030 274 41 97 
Fax 030 274 44 01 

bggo@rivm.nl 
WWN.rivm.nllsec/bggo_nl.html 

Commissie Genetische Modificatie 

Hierbij zend ik u een vergunning op grand van het Besluit genetisch gemodificeerde organismen Wet 
Milieugevaarlijke Stoffen (Stb. 1993, 435), met nummer EVO 04-013. 

T egen deze vergunning kunnen belanghebbenden binnen zes waken na verzending van de beschikking op 
grand van de Algemene wet bestuursrecht een gemotiveerd bezwaarschrift indienen bij de Staatssecretaris 
van Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer. Het bezwaarschrift moet gezonden worden 
aan: De Staatssec;etaris van VROM, t.a.v RIVM/SEC/Bureau GGO, postbus 1, 3720 BA Bilthoven. Een 
bezwaarschrift moet van een datum en een naam en adres voorzien zijn. Er moet duidelijk worden 
aangegeven waarom tegen de vergunning bezwaar wordt aangetekend en zo mogelijk wordt een kopie van 
de vergunning meegezonden. 

dr. ir. B.P.,Loos 
Bureau GGO 
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pjileJIIe 
Directoraat-Generaal Milieu 

Directie Steffen, Afvalstoffen, Straling 
Afdeling Straling, Nucleaire en Bioveiligheid 

Rijnstraat 8 
Postbus 30945 

2500 GX Den Haag 
Interne postcode 645 

www.vrom.nl 

beschikking 
DGM/SAS EVO 04-013/00 

Gelezen de aanvraag,van DSM Anti-lnfectives B.V., te Delft, van 29-06-2004, kenmerk: 
PWMvD/REG#45273, 

De Staatssecretaris van Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer, 

Overwegende, 
het bepaalde in de Regaling genetisch gemodificeerde organismen (Staatscourant 1998, 108), artikel 2 van 
die regaling, en dat voor onderhavige aanvraag geen specifiek COGEM advies is gevraagd, 

Besluit: 

de genetisch gemodificeerde stammen Bacillus amyloliquefaciens EBA-126 en EBA-127 kunnen worden 
beschouwd als stammen verkregen door zelfklonering. 

Den Haag, 23-07-2004 
De Staatssecretaris van Volkhuisvesting, Ruimtelijke Ordening en Milieubeheer, 
Voor deze, 
de directeur-generaal Milieubeheer 
o.l., 

directeur Stoffen, Afvalstoffen, Straling 

mr. A.B. Holtkamp 
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VROM (Ministry of Housing    Directorate-General for Environmental Protection 
Spatial Planning and the Environment)   Direction Substances, Safety and Radiation  

Department Radiation, Nuclear and Biosafety 
 

DSM Anti-Infectives B.V.                                                                                                      RIVM/SEC/Bureau GGO                                                                                                          
Attn.: Dr. P.W.M. van Dijck, DSM Strain Director                                                  Anthonie van Leeuwenhoeklaan 9 
P.O. Box 1                                                                                                P.O.Box 1 
2600 MA  DELFT                                                                                                                           3720 BA Bilthoven 
                                                                                                                                                         Tel: 030-2744197 

                                                                                                                                      Fax: 030-2744401 
                                                                                                                     E-mail: bggo@rivm.nl 

URL : www.rivm.nl/sec/bggo_nl.html 
 
 
Decree new application : EVO 04-013         
 
Date   Reference   Attachments 
26 July 2004  EVO 04-013.bes 
 
Your letter   Your reference   Copies to: 
29-06-2004   PWMvD/REG#445273  Commission Genetic Modification (COGEM) 
 
 
 
 
 
Dear Board of Management, 
 
Herewith I send you a permit based on the Decree Genetically Modified Organisms Act 
Environmentally dangerous substances (Official Journal 1993, 435), with the nummer EVO 
04-013.  
 
Interested parties may oppose to this decision, within six weeks after it has been send, 
based on the General Administrative Law, by submitting a motivated petition to the State 
Secretary of Housing, Spatial Planning and the Environment. The petition has to be 
addressed to: The State Secretary of VROM attn. RIVM/SEC/Bureau GGO, P.O. Box 1, 
3720BA Bilthoven. The petition has to bear a date and a name and address. It must be 
shown clearly why the decision is petitioned and when possible a copy of the decision should 
be included. 
 
 
Sincerely, 
 
 
Dr. Ir. B.P. Loos 
Bureau GGO (Office for GMO Affairs) 
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VROM (Ministry of Housing    Directorate-General for Environmental Protection 
Spatial Planning and the Environment)   Direction Substances, Safety and Radiation  

Department Radiation, Nuclear and Biosafety 
 
Rijnstraat 8 
P.O. Box 30945 
2500GX The Hague 
Internal postcode 645 
 
www.vrom.nl 
 
 
Decree 
DGM/SAS EVO 04-013/00 
 

 
Having read the application of DSM Anti-Infectives B.V., in Delft, of 29-06-2004, reference: 
PWMvD/REG#45273, 
 
The State Secretary of Housing, Spatial Plaaning and the Environment, 
 
Considering, the provisions in the Regulation Genetically Modified Organisms (Official 
Journal 1998, 108), article 2 of this Regulation, and that for the application at hand no 
specific advise was asked from the COGEM, 
 
Decides: 
 
The genetically modified strains Bacillus amyliquefaciens EBA-126 and EBA-127 may be 
considered as strains obtained through self-cloning. 
 
 
The Hague, 23-07-2004 
The State Secretary of Housing, Spatial Planning and the Environment, 
On his behalf, the Director-general Environmental Control 
b.o. The Head of the department Radiation, Nuclear- and Biosafety 
 
Mr. A.B. Holtkamp 
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DSM Anti-lnfectives B.V. 
T.a.v. dr. P.W.M. van Dijck, DSM Strain Director 
postpunt 001-0490 
Postbus 1 
2600 AM Delft 

Beschikking nieuwe aanvraag: EVO 04-018 

r3 AUG. 2004 
Kenmerk 

EVO 04-018.bes 

Uw brief Uwkenmerk 

02-08-2004 PWMvD/REG#45300 

Geachte Directie, 

Bijlagen 

Afschrift aan 

Dlrectoraat-Generaal Milieu 
Directie Stoffen, Afvalstoffen, Straling 

Afdeling Straling, Nucleaire en Bioveiligheid 

RIVM/SEC/Bureau GGO 
Anthonie van leeuwenhoeklaan 9 

Postbus 1 
3720 BA Bilthoven 

Telefoon 030 274 41 97 
Fax 030 274 44 01 

bggo@rivm.nl 
www.rivm.nl/sec/bggo_nl.html 

Commissie Genetische Modificatie 

Hierbij zend ik u een vergunning op grond van het Besluit genetisch gemodificeerde organismen Wet 
Milieugevaarlijke Stoffen (Stb. 1993, 435), met nummer EVO 04-018. 

Tegen deze vergunning kunnen belanghebbenden binnen zes weken na verzending van de beschikking op 
grond van de Algemene wet bestuursrecht een gemotiveerd bezwaarschrift indienen bij de Staatssecretaris 
van Volksr1uisvesting, Ruirntelijke Ordening en Milieubeheer. Het bezwaarschrift moet gezonden worden 
aan: De Staatssecretaris van VROM, t.a.v RIVM/SEC/Bureau GGO, postbus 1, 3720 BA Bilthoven. Een 
bezwaarschrift moet van een datum en een naam en adres voorzien zijn. Er moet duidelijk worden 
aangegeven waarom tegen de vergunning bezwaar wordt aangetekend en zo mogelijk wordt een kopie van 
de vergunning meegezonden. 

Hoog~chtend, 

Ministerie van VROM ~ 
staat voor ruimte, wonen, milieu en rijksgebouwen. Beleid maken, uitvoeren en handhaven. Nederland is klein. Oenk groot. 000111
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Directoraat-Generaal Milieu 

Directie Stoffen, Afvalstoffen, Straling 
Afdeling Straling, Nucleaire en Bioveiligheid 

Rijnstraat 8 
Postbus 30945 

2500 GX Den Haag 
Interne postcode 645 

www.vrom.nl 

beschikking 
DGM/SAS EVO 04-018/00 

Gelezen de aanvraag van DSM Anti-lnfectives B.V., te Delft, van 02-08-2004, kenmerk: 
PWMvD/REG#45300, 

De Staatssecretaris van Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer, 

Overwegende, 
het bepaalde in de Regaling genetisch gemodificeerde organismen (Staatscourant 1998, 108), artikel 2 van 
die regeling, en dat voor onderhavige aanvraag geen specifiek COGEM advies is gevraagd, 

Besluit: 
De stam Bacillus amy/oliquefaciens MAS-3 is geschikt bevonden als genetisch gemodificeerd organisme 
dat behoort tot groep I waarmee activiteiten van categorie A en 8 mogen worden uitgevoerd. 

Den Haag, 12-08-2004 
De Staatssecretaris van Volkhuisvesting, Ruimtelijke Ordening en Milieubeheer, 
Voor deze, 
de directeur-generaal Milieubeheer, 
o.l., 

het hoofd van de afdeling Straling, Nucleaire en Bioveiligheid 

mr. A. van Limborgh 

Ministerie van VROM 7 
staat voor ruimte, wonen, milieu en rijksgebouwen. Beleid maken, uitvoeren en handhaven. Nederland is klein. Denk groot. 000112
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FOR INTERNAL USE ONLY 
 

 

VROM (Ministry of Housing    Directorate-General for Environmental Protection 
Spatial Planning and the Environment)   Direction Substances, Safety and Radiation  

Department Radiation, Nuclear and Biosafety 
 

DSM Anti-Infectives B.V.                                                                                                      RIVM/SEC/Bureau GGO                                                                                                          
Attn.: Dr. P.W.M. van Dijck, DSM Strain Director                                                  Anthonie van Leeuwenhoeklaan 9 
P.O. Box 1                                                                                                P.O.Box 1 
2600 MA  DELFT                                                                                                                           3720 BA Bilthoven 
                                                                                                                                                         Tel: 030-2744197 

                                                                                                                                      Fax: 030-2744401 
                                                                                                                     E-mail: bggo@rivm.nl 

URL : www.rivm.nl/sec/bggo_nl.html 
 
 
Decree new application : EVO 04-018         
 
Date   Reference   Attachments 
13 August 2004  EVO 04-018.bes 
 
Your letter   Your reference   Copies to: 
02-08-2004   PWMvD/REG#445300  Commission Genetic Modification (COGEM) 
 
 
 
 
 
Dear Board of Management, 
 
Herewith I send you a permit based on the Decree Genetically Modified Organisms Act 
Environmentally dangerous substances (Official Journal 1993, 435), with the nummer EVO 
04-018.  
 
Interested parties may oppose to this decision, within six weeks after it has been send, 
based on the General Administrative Law, by submitting a motivated petition to the State 
Secretary of Housing, Spatial Planning and the Environment. The petition has to be 
addressed to: The State Secretary of VROM attn. RIVM/SEC/Bureau GGO, P.O. Box 1, 
3720BA Bilthoven. The petition has to bear a date and a name and address. It must be 
shown clearly why the decision is petitioned and when possible a copy of the decision should 
be included. 
 
 
Sincerely, 
 
 
Dr. M.C. Agterberg 
Bureau GGO (Bureau for GMO Affairs) 
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FOR INTERNAL USE ONLY 
 

 

VROM (Ministry of Housing    Directorate-General for Environmental Protection 
Spatial Planning and the Environment)   Direction Substances, Safety and Radiation  

Department Radiation, Nuclear and Biosafety 
 
Rijnstraat 8 
P.O. Box 30945 
2500GX The Hague 
Internal postcode 645 
 
www.vrom.nl 
 
 
Decree 
DGM/SAS EVO 04-018/00 
 

 
Having read the application of DSM Anti-Infectives B.V., in Delft, of 02-08-2004, reference: 
PWMvD/REG#45300, 
 
The State Secretary of Housing, Spatial Plaaning and the Environment, 
 
Considering, the provisions in the Regulation Genetically Modified Organisms (Official 
Journal 1998, 108), article 2 of this Regulation, and that for the application at hand no 
specific advise was asked from the COGEM, 
 
Decides: 
 
The strain Bacillus amyliquefaciens MAS-3 is approved as a genetically modified organism 
belonging to group I with which activities of both category A and B may be carried out.  
 
 
The Hague, 12-08-2004 
The State Secretary of Housing, Spatial Planning and the Environment, 
On his behalf, the Director-general Environmental Control 
b.o. The Head of the department Radiation, Nuclear- and Biosafety 
 
Mr. A. van Limborgh 
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FRENCH REPUBLIC 
 

Delegate Ministry of      MINISTRY OF ECOLOGY AND 
Research       SUSTAINABLE DEVELOPMENT 

Direction for the Prevention of Pollution and 
Risks 

 
Directorate General of Research and Innovation 

  
  
 
    

 
 

 
         Paris, 7 September 2006 
 
 
 

 
 
 

Opinion 06/254 
 
 

The CGG (Genetic Engineering Committee) was seized by a classification request in 
a dossier deposited by the company DSM Food Specialties and registered under the 
number 06/254. 
 
The dossier concerned the use of the recombinant strain Bacillus amyloliquefaciens 
MAS-3 for the production of the enzyme Amylomaltase. 
 
The CGG, after having proceeded to the examination of this dossier, at the 
time of its plenary meeting of September 7, 2006 considers that: 
 
- The use as described in the dossier as mentioned above raises to the 

classification: Class1, Group I, containment L1. 
- The location, the used procedures, and the protocols for treatment of the wastes 

and effluents implemented ensures the confiment level L1. 
 
 

Roland ROSSET 
Chairman of the CGG 
 

 
 

 
 

Secretariat of the CGG - 1, Rue Descartes - 75231 Paris Cedex 05  
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Tel: 01.55.55.98.09 - Fax: 01.55.55.99.97 
http://www.recherche.gouv.fr/commis/génétique 
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Authorized food enzymes (other than amylomaltase) produced by the same production 
organism, Bacillus amyloliquefaciens 

Authority Food enzyme Reference 
Australia Acetolactate decarboxylase Standard 1.3.3 processing aids 

-Amylase  
-Amylase 
-Glucanase 

Hemicellulase, endo-1,4- -xylanase 
Pullulanase 
Protease (metallo- and serine proteinase) 

Canada -Amylase  Division 16, Table V 
France -Glucanase Arreté du 19 octobre 2006 

Protease 
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1 

Explanatory Statement 
 
1. Authority 
 
Section 13 of the Food Standards Australia New Zealand Act 1991 (the FSANZ Act) provides 
that the functions of Food Standards Australia New Zealand (the Authority) include the 
development of standards and variations of standards for inclusion in the Australia New 
Zealand Food Standards Code (the Code). 
 
Division 1 of Part 3 of the FSANZ Act specifies that the Authority may accept applications for 
the development or variation of food regulatory measures, including standards. This Division 
also stipulates the procedure for considering an application for the development or variation 
of food regulatory measures.  
 
FSANZ accepted Application A1061 which seeks to approve the use of a new enzyme 
processing aid, amylomaltase sourced from Bacillus amyloliquefaciens containing the gene 
for amylomaltase derived from Thermus thermophilus (for use to produce modified potato 
starch as an ingredient in food). The Authority considered the Application in accordance with 
Division 1 of Part 3 and has prepared a draft variation of a standard.  
 
Following consideration by the COAG Legislative and Governance Forum on Food 
Regulation1 (the Forum), section 92 of the FSANZ Act stipulates that the Authority must 
publish a notice about the standard or draft variation of a standard.  
 
Section 94 of the FSANZ Act specifies that a standard, or a variation of a standard, in relation 
to which a notice is published under section 92 is a legislative instrument, but is not subject to 
parliamentary disallowance or sunsetting under the Legislative Instruments Act 2003. 
 
2. Purpose and operation 
 
Currently there is no permission in the Code for the use of amylomaltase sourced from 
genetically modified B. amyloliquefaciens as a processing aid. 
 
The Authority has approved the draft variation to the Table to clause 17 of Standard 1.3.3 – 
Processing Aids, to permit the use of amylomaltase EC 2.4.1.25 sourced from B. 
amyloliquefaciens containing the T. thermophilus gene for amylomaltase. 
 
3. Documents incorporated by reference 
 
The variations to food regulatory measures do not incorporate any documents by reference. 
 
4. Consultation 
 
In accordance with the procedure in Division 1 of Part 3 of the FSANZ Act, the Authority’s 
consideration of Application A1061 has included one round of public consultation following 
an assessment and the preparation of a draft Standard. An Assessment Report (which 
included the draft Standard) was released for consultation on 31 October 2011 for a six-week 
consultation period.  
 
A Regulation Impact Statement was not required because the proposed variation to Standard 
1.3.3 is likely to have a minor impact on business and individuals.  

                                                
1 Previously known as the Australia and New Zealand Food Regulation Ministerial Council 

Explanatory Statement to F2012L01062
000122



2 

5. Statement of compatibility with human rights 
 
This instrument is exempt from the requirements for a statement of compatibility with human 
rights as it is a non-disallowable instrument under section 94 of the FSANZ Act. 
 
6. Variation  
 
Item [1] inserts an entry into the Table to clause 17 of Standard 1.3.3 to permit the use of 
amylomaltase from genetically modified B. amyloliquefaciens in the course of manufacture of 
any food sold in Australia and New Zealand provided the amylomaltase gene is derived from 
T. thermophilus. 
 
 

Explanatory Statement to F2012L01062
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1+1 Health 
Canada 

Sante 
Canada 

Health Products Direction generale des produits 
and Food Branch de sante et des aliments Bureau of Chemical Safety 

Ms. Carla Kemme-Kroonsberg 
Product Regulatory Affairs 
A vebe Operations 
P.O. Box 15 
9640 AA Veendam 
Transportweg 11 
9645 KZ Veendam, The Netherlands 

Dear Ms. Kemme-Kroonsberg: 

Food Directorate 
Banting Building 
Postal Locator: 2201B1 
Ottawa, Ontario, Canada 
KlAOL2 

January 31, 2011 
Mail No.: ADDPS10052001 

This is in reference to your request of May 7, 2010, for an opinion on the use of the enzyme 
meltamase from Thermus thermophilus HB8 (ATTC27634), expressed in Bacillus 
amyloliquefaciens as a processing aid in the production ofEtenia, a maltodextrin derived from 
potato starch. Etenia would be used as a fat replacer and as a thickener in dairy products. The 
typical level of use ofEtenia in flavoured and drinking yogurt would be 0.5 to 1.0% and in 
products such as ice cream-like products, mousses, or curds, Etenia would be added at 1.5 to 
5.5%. Please note that our comments below address the use ofmeltamase in the manufacture of 
Etenia and not the use of Etenia as a food ingredient. 

The information provided indicates that this enzyme is a catalyst without which the Etenia 
maltodextrin-food ingredient would not exist, and that the level of residual enzyme protein from 
meltamase in Etenia can be considered negligible. 

Health Canada would not object to the use of enzyme meltamase from Thermus thermophilus 
HB8 (ATTC27634), expressed in Bacillus amyloliquefaciens in the production ofEtenia as 
described in your submission at a levelthat is the minimum amount necessary for the intended 
technical effect provided that the enzyme preparation meets the requirements for enzyme 
preparations set out in the most recent edition of the Food Chemicals Codex. 

We trust that this is satisfactory. 

Canada 

see Boucliard, BSc 
S ientific Evaluator 
Food Additive Section 
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Trade Register Number 27235314 

Memo/Report  

DSM Food Specialties B.V. 

Global Regulatory Affairs Nutrition Cluster 

 

Alexander Fleminglaan 1 

2613 AX  Delft 

P.O. Box 1 

2600 MA Delft 

The Netherlands 

 

 Date 
5-7-2013 

From   
Anneke Boot 
Piet van Dijck 

  

Subject: safety evaluation using the Pariza and Johnson decision 
tree of amylomaltase expressed in Bacillus amyloliquefaciens 
DFS/REG00059677***** 
  
 

  
Introduction  
The “Decision Tree for evaluation of the relative safety of food ingredients derived from 
genetically modified organisms” was published in 1991. This publication from the 
International Food Biotechnology Council (IFBC) was an extension, based on an earlier 
publication by Pariza and Foster in 19831. The 1991 IFBC Decision Tree was updated by Pariza 
and Johnson in 20012. 
The enzyme preparation amylomaltase expressed in Bacillus amyloliquefaciens has been 
evaluated according the P&J Decision Tree. The result is described below.  
 
 
Decision Tree  
1. Is the production strain genetically modified? 
 YES 
 If yes, go to 2.  If no, go to 6. 
 
2.  Is the production strain modified using rDNA techniques? 
 YES 
 If yes, go to 3.  If no, go to 5. 
 
3.  Issues related to the introduced DNA are addressed in 3a-3e. 
 
3a.  Do the expressed enzyme product(s) which are encoded by the introduced DNA have 

a history of safe use in food? 
 YES 

If yes, go to 3c.  If no, go to 3b 
                                                
1 Pariza M.W. and Foster E.M.  J. Food Protection 46. (1983), 453-468 
2 Pariza M.W. and Johnson E.A. Reg. Toxicol. Pharmacol. 33 (2001) 173-186) 
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The production of 4- -glucanotransferase by microorganisms has already been 
described in the Pariza and Johnson paper in 20013 (under “Enzymes used in food 
processing today”).  
Besides, the Bacillus amyloliquefaciens lineage used for the production of 
amylomaltase has been in use by DSM in large-scale fermentations since the sixties. 
Bacillus amyloliquefaciens has been generally accepted as a nonpathogenic organism 
and the non-toxicogenicity has been confirmed by a large amount of toxicological 
tests on enzymes derived from the species. 
 

 
3b.  Is the NOAEL for the test article in appropriate short-term oral studies sufficiently 

high to ensure safety? 
 NA 
 If yes, go to 3c.  If no, go to 12. 
 DSM has notably tested the safety of its amylomaltase enzyme preparation from 

Bacillus amyloliquefaciens in a number of toxicity studies. A sub-chronic 90-day oral 
toxicity study performed in rats with amylomaltase expressed in Bacillus 
amyloliquefaciens resulted in a sufficiently high NOAEL in relation to the proposed 
use. 

 
3c.  Is the test article free of transferable antibiotic resistance gene DNA? 
 YES  
 If yes, go to 3e.  If no, go to 3d. 

The mob-gene in vector pGBB05MAS1 has been inactivated by insertion of the masQ-
gene at this position. This results in a non-mobilizable genotype of the strain and 
therefore excludes any possibilities of transfer of the vector to other bacteria. 

  
3d.  Does (Do) the resistance gene(s) code for resistance to a drug substance used in 

treatment of disease agents in man or animals? 
 NO  

If yes, go to 12.  If no, go to 3e. 
The use of antibiotic resistance marker genes (ARMg’s) as marker genes as marker 
genes in genetically modified plants has been thoroughly evaluated by the scientific 
panel on Genetically Modified Organisms of the European Food Safety Authority 
(EFSA). Regarding the ARMg used in the genetic modification of Bacillus 
amyloliquefaciens, neomycin, the GMO panel indicates that there is no rationale for 
restricting or prohibiting the use of these, group I, types of antibiotic resistance 
genes.  
This conclusion is based upon the arguments that these group I types are (a) already 
widely distributed among soil and enteric bacteria and (b) confer resistance to 
antibiotics which have no or only minor therapeutic relevance in human medicine 
and only restricted use in defined areas of veterinary medicine. It is therefore 
extremely unlikely (if at all) that the presence of these antibiotic resistance genes in 
the genome will change the already existing bulk spread of these antibiotic 
resistance genes in the environment or will impact significantly on human and animal 
health {{1135 Scientific Panel on Genetically Modified Organisms 2004}}. 

                                                
3 Pariza M.W. and Johnson E.A. Reg. Toxicol. Pharmacol. 33 (2001) 173-186) 
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Furhtermore, the neomycin resistance is residing on the pUB110 derived plasmid 
which was originally isolated from Staphylococcus, but which is regarded as 
endogenous to Bacilli (NIH Guidelines) and thus is widely spread in nature. 

 
3e.  Is all other introduced DNA well characterized and free of attributes that would 

render it unsafe for constructing microorganisms to be used to produce food-grade 
products? 

 YES 
If yes, go to 4. If no, go to 12. 
The DNA insert is fully characterized and is free from known harmful sequences. 

  
4.  Is the introduced DNA randomly integrated into the chromosome? 
 NO 
 If yes, go to 5.  If no, go to 6. 
  
5. Is the production strain sufficiently well characterized so that one may reasonably 

conclude that unintended pleiotropic effects, which may result in the synthesis of 
toxins or other unsafe metabolites will not arise due to the genetic modification 
method that was employed? 
NA 
If yes, go to 6.  If no, go to 7. 
Nevertheless, for the non-recombinant Bacillus amyloliquefaciens strain EBA-1, 
which is the parent of the amylomaltase production strain, it was confirmed by test 
that the strain is not producing any toxins. Therefore it can be assumed that also the 
production strain MAS-3 is non-toxicogenic. 

 
 
6. Is the production strain derived from a safe lineage, as previously demonstrated by 

repeated assessment via this evaluation procedure? 
YES  

 If yes, the test article is ACCEPTED.  If no, go to 7. 
Many strains of this safe strain lineage exist, for which safety data are available, that 
can be or have been tested through the P&J Decision Tree evaluation scheme.      

 
7.  Is the organism nonpathogenic? 
 YES 

If yes, go to 8.  If no, go to 12. 
Most information on Bacillus amyloliquefaciens is basically information on Bacillus 
subtilis as during most studies the distinction between these species is not made. For 
several decades, Bacillus amyloliquefaciens has been safely used in the commercial 
production of organic acids and various food enzymes, such as amylase, protease, 
beta-glucanase and hemicellulase. The long industrial use and wide distribution of 
Bacillus amyloliquefaciens in nature has never led to any pathogenic symptoms. 
Moreover, no case demonstrating invasive properties of the species has been found in 
the literature {{749 De Boer, AS 1991}}. Bacillus amyloliquefaciens is therefore 
generally accepted as a non-pathogenic organism. 

 
8.  Is the test article free of antibiotics? 
 YES 
 If yes, go to 9.  If no, go to 12. 
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Quality control testing of the finished amylomaltase preparations ensures the 
enzymes do not contain antibiotic activity, in accordance with the recommendation 
from the Joint Expert Committee of Food Additives of the FAO/WHO (“JECFA”).  

 
9. Is the test article free of oral toxins known to be produced by other members of the 

same species? 
YES 
If yes, go to 11.  If no, go to 10. 
Even though products from Bacillus amyloliquefaciens have been used in food for 
many decades, there is no evidence that this species produces toxins. The non-
toxicogenicity has been confirmed by a large amount of toxicological tests on 
enzymes derived from the species, including recombinant strains. These toxicological 
studies provided the basis for a positive safety evaluation by the Joint Expert 
Committee on Food Additives (JECFA) for numerous enzymes produces with Bacillus 
amyloliquefaciens or Bacillus subtilis. 
Furthermore, Quality control testing of the finished amylomaltase preparations 
ensures the enzymes are free of toxins. 
 

 
10.  Are the amounts of such toxins in the test article below levels of concern? 
 YES 

If yes, go to 11.  If no, go to 12. 
 
11 Is the NOAEL for the test article in appropriate oral studies sufficiently high to ensure 

safety? 
YES 
If yes, the test article is ACCEPTED.  If no, go to 12. 
See 3b. 

 
12. An undesirable trait or substance may be present and the test article is not acceptable 

for food use. If the genetic potential for producing the undesirable trait or substance 
can be permanently inactivated or deleted, the test article may be passed through the 
decision tree again. 
NA 
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ENZYME TECHNICAL ASSOCIATION 
1800 Massachusetts Avenue, NW, 2nd Floor 
Washington, DC 20036-1800 

POSITION PAPER 

ETA Position 
On 

Telephone (202) 778-9335 
Fax (202) 778-9100 

www.enzymetechnicalassoc.org 

Food Allergen Labeling of Microbially Derived Enzymes 
Under FALCPA as it Applies to 

Fermentation Media Raw Materials 

It is the position of the Enzyme Technical Association (ETA) that microbially derived 
enzymes do not fall within the scope of the Food Allergy Labeling and Consumer 
Protection Act (FALCPA) and that labeling for food allergens is not triggered by the 
use of a microbially derived enzyme preparation. There may be other reasons why 
a manufacturer labels a food product with regard to allergen content, but the use of a 
microbially derived enzyme preparation is not a reason for such labeling. 

Enzymes are not one of the eight major allergenic foods, often referred to as the big 
8, so they do not fit within the first requirement of FALCPA. In addition, microbial 
enzymes are not byproducts of nor are they derived from the major food allergens. 
Although enzymes are not major food allergens, 1 many enzymes are produced with 
microorganisms and the nutrient media used to feed these microorganisms may 
contain protein from one or more of the major food allergens. The enzymes are not 
derived from raw materials containing major food allergens, but rather are obtained 
from the microorganisms which are used to produce the enzyme proteins. In other 
words, enzymes obtained from fermentation are directly derived from 
microorganisms fed on media that may include protein obtained from one or more of 
the major food allergens. Proteins and other nitrogenous material are consumed by 
the microorganisms for cell growth, cell maintenance, and production of enzyme 
protein. It is the intent of the enzyme manufacturer to supply enzymes, therefore it is 
critical that the ratio of nutrient to enzyme yield is carefully controlled. It is also the 
intent of the manufacturer that these raw materials are added to the fermentation as 
food to be consumed by the microorganism and are not added as formulation 
ingredients. 

In arriving at its position ETA also considered that: 

• The regulatory agencies in the EU and Japan have determined that enzyme 
preparations are not required to have allergen labeling for the raw materials 
used in the fermentation process. Indeed, the European Commission's Health 
& Consumer Protection Directorate General has clearly stated that enzymes 

1 To the extent the enzyme producer uses an allergenic material, such as wheat flour diluent in the 
final product formulation, labeling may be required. 

DC-749346 vi 
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are outside the scope of the Directive 2003/89/EC which amended the EU Food 
Labelling Regulations. 

• Enzyme broths are normally processed to separate biomass and fermentation 
materials from the enzyme, to concentrate the enzymatic activity, and 
formulated to achieve a uniform and stable enzyme product. 

• The unique role of enzymes in food processing is as a catalyst. Due to the 
specific nature of enzymes, only small amounts are required to make desired 
modifications to the property of a food. 

• Many enzymes do not become a component of the food ingredient or final food. 
Some enzymes are used in an immobilized form or are denatured during 
processing. Further, processing of the food ingredient after the enzyme 
catalyst has performed the expected function often reduces or eliminates the 
enzyme from the product. 

• ETA has made an extensive review of the published scientific literature and has 
found no reports that even suggest there has been an allergenic reaction to a 
component of the fermentation media which was used to feed the 
microorganism that produced the enzyme. 

The above position paper and accompanying report were provided to FDA on 
September 12, 2005 and to date ETA has received no comment. 

2 
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Nel5ia5Ka 
Lincoln 

INSTITUTE OF AGRICULTURE AND NATURAL RESOURCES 

FOOD ALLERGY RESEARCH AND RESOURCE PROGRAM 

EXPERT OPINION STATEMENT 
FOOD ALLERGY RESEARCH & RESOURCE PROGRAM 

UNIVERSITY OF NEBRASKA 

Testing of Microbially Derived Enzymes for Potential Allergens from 
Fermentation Media Raw Materials 

Augustl3,20l3 

Prepared by: Steve L. Taylor, Ph.D., Co-Director 
and 

JoeL. Baumert, Ph.D., Co-Director 

with assistance from Enzyme Technical Association 

Microbially derived enzymes are used by food processors as additives and processing 
aids in a wide variety of foods. Enzymes obtained from microbial fermentation are 
directly derived from microorganisms fed on sterilized media 1 that may include 
protein sources obtained from one or more of the recognized commonly allergenic 
foods (e.g., milk, soybean) or from a cereal source of gluten (e.g., wheat, barley). 
This paper addresses the relevance of testing microbial enzymes for allergenic 
material from the fermentation growth media. 2 

It has been the long-standing position of the Food Allergy Research & Resource 
Program (FARRP) at the University of Nebraska that testing of the products of 
fermentation (with limited exceptions), including microbially derived enzymes is 
unreliable using enzyme-linked immunosorbent assays (ELISAs). 

While various fermentation media may contain one or more of the major food 
allergens, the biochemical reactions that occur during fermentation result in the 
breakdown of the fermentation media proteins. The extent of proteolysis is dependent 
upon the fermentation culture and the resultant enzyme (e.g., some enzymes are 
protcases). As proteins are digested, the resulting amino acids, along with other 

1 Aunstrup, K., 0. Andresen, E.A. Falch, and T.K. Nielsen (1979) Microbial Technology. (Perlman and Peppler, 
eds.) Academic Press, pp. 281-309. 
2 For this paper, FARRP's analysis is limited to microbially derived enzymes that are intended for additive and 
processing aid applications in food. 

143 Food Industry Building I P.O. Box 830955 I Lincoln, NE 68583-0955 
Co-Director Phone (ST) (402) 472-2833 I Co-Director (SH) (402) 472-4430 

Lab Phone (402) 472-4484 I FAX (402) 472-1693 
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nitrogenous material, are consumed by the microorganisms for cell growth, cell 
maintenance, and production of enzyme protein. 

Upon completion of fermentation, remaining fermentation media that are not 
consumed by the microorganism are typically separated and/or purified from the 
enzyme in the recovery process. Enzymes are recovered from the fermentation broth 
by standard chemical engineering operations, such as filtration and centrifugation, 
broadly used in enzyme production. 3'

4 (See Appendices for further information.) The 
recovery steps result in separation of microbial biomass and other fermentation solids 
from the enzyme, concentration of the enzyme, and removal of impurities prior to final 
formulation with food-grade ingredients. 

Any potential residual fragments from the food allergen would be difficult to measure 
as there is no reliable assay. Commercial ELISAs are able to detect only intact 
proteins in most cases. Any peptides, even larger ones, would not likely be detected, 
although this possibility has not been well investigated. Results would typically be 
reported as below the limit of quantitation for the enzyme preparation. Further, if any 
residual but undetected fragments of the food allergen remain, the relevance of any 
such residual material to food allergenicity is unproven. Accordingly, testing of 
fermented product does not result in reliable or useful data. 

In addition, due to the specific catalytic nature of enzymes, only very small amounts 
of enzymes are generally required and used by food processors to make the desired 
modifications to the property of a food, and therefore any de minimis amount of 
fermentation media protein that may survive the fermentation process will not pose a 
significant public health risk to the consumer. 5 

F ARRP also notes that regulatory agencies in the European Union and Japan do not 
require allergen labeling of enzyme preparations for the raw materials used in the 
fermentation process. 

3 Atkinson, B. and F. Mavituna ( 1991) Biochemical Engineering and Biotechnolog)l Handbook. (Atkinson, 13. 
and Mavituna, F., eds.) Stockton Press, Hampshire, pp. 1146-1158. 
4 Kroschwitz, J.l. (1994) Enzyme Applications in Encyclopedia of Chemical Technology. 41

h edition, Volume 9. 
(Kroschwitz, J.I., ed.), pp. 567-620 
5 To the extent the enzyme producer uses an allergen as diluent to formulate the final product, labeling for such 
allergen is appropriate and required under Food Allergen Labeling and Consumer Protection Act. 
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