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March 6, 2009 

K&L Gates LLP  

1601 K Street N W  
Washington, DC 20006-1600 

Gary L. Yingling 
202.778.9 124 
Fax: 202.778.9100 
gary.yingling@klgates corn 

Via Federal Express 

Office of Food Additive Safety (HFS-255) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5 100 Paint Branch Parkway 
College Park, MD 20740 

Re: GRAS Notification for Mannoprotein derived from an extract of bakers 
yeast (Saccharomyces cerevisiae) 

Dear Sir or Madam: 

As counsel for DSM Food Specialties (DSM), we are submitting under cover of this letter three 
copies of DSM’s GRAS notification for Mannoprotein derived from an extract of bakers yeast 
(Saccharomyces cerevisiae). DSM has determined through scientific procedures that 
Mannoprotein is generally recognized as safe for use in the food industry as a stabilizing agent to 
prevent tartaric acid precipitation in wines. 

This use of Mannoprotein derived from an extract of S. cerevisine is exempt from the premarket 
approval requirements of the Federal Food, Drug, and Cosmetic Act because the notifier has 
determined that such use is generally recognized as safe (GRAS). 

If for any reason the agency has any questions or requires any additional information to aid its 
review of DSM’s conclusion, please contact me at your earliest convenience. 

Sincerely, 

cc: DSM Food Specialties 
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1. General Introduction 

DSM Food Specialties (“DSM”) manufactures a Mannoprotein which can be marketed 

either as a dry powder preparation or a ready-to-use colloidal solution. The 

Mannoprotein is derived from an extract of a classical strain of bakers yeast 

(Saccharomyces cerevisiae). This document will refer to this ingredient as “Bakers 

Yeast Mannoprotein.” The trade name for the product is ClaristarTM. 

The Bakers Yeast Mannoprotein is added to wines to stabilize them during storage and 

to prevent the development and subsequent precipitation of tartrate crystals that are 

naturally formed in wine. 

Pursuant to the regulatory and scientific procedures established by proposed regulation 

21 C.F.R. 9 170.36, DSM has determined that its Bakers Yeast Mannoprotein from 

Saccharomyces cerevisiae is a generally recognized as safe (“GRAS”) substance for the 

intended food application and is, therefore, exempt from the requirement for premarket 

approval. Information on the Bakers Yeast Mannoprotein and bakers yeast 

(Saccharomyces cerevisiae) providing the scientific basis for this GRAS determination is 

described in the following document. 

General and specific information providing the name and address of the notifier, 

identifying and characterizing the Bakers Yeast Mannoprotein, its applicable conditions 

for use, DSM’s basis for GRAS determination, and the availability of supporting 

information and reference materials for FDA’s review can be found in Section I .  

A description of the Bakers Yeast Mannoprotein, its composition, a description of the 

manufacturing process, and the ingredient’s specifications are provided in Section 2. 

The level of use is provided in Section 3. 

A discussion of the scientific data establishing the GRAS status of the Bakers Yeast 
Marmc;;.rotr-in is 3rsci.lssed in Section 4. 

The cc;nclusisns are s u n m ~ r i z ~ d  in Section 5. 

A list of Annexes is provided in Section 6, and a list of References is provided in Section 

i .  
- 
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1.1 Name and Address of the Notifier 

DSM Food Specialties 
Alexander Fleminglaan 1 
2613 AX Delft 
The Netherlands 

1.2 Common or Usual Name of the Substance 

The common or usual name of the substance that is the subject of the GRAS Notification 

claim is "Bakers Yeast Mannoprotein." 

The commercial name of the product is ClaristarTM. 

1.3 Applicable Conditions of Use 

The Bakers Yeast Mannoprotein can be added before or after the final filtration of the 

wine, just before bottling. 

1.3.1 Foods In Which the Substance Is To Be Used: 

The Bakers Yeast Mannoprotein is intended to be used in all types of wines, such as 

white, rose and red wines, as well as sparkling wines. 

1.3.2 Levels of Use 

As explained in further detail below, when Mannoprotein is added to wine, it forms 

2 an no p rote i n - r 3 rt r a te corn p I exe s a n d p r e'fe n t s form at i o ri a f tartrate cry s t a I s . T h LJ s t h e 

dosqe of the Bakers Yeast Mannoprotein depends on, m o n g  other factors, tise amount 

ot :a-traie apcl Marwoprotein already naturally presert in ie wine. 

T'le amount of Bekers Yeast Mannoprotein to be added will range between 50 - 400 

mgii as d9termined by the winemaker, with a recommended dose of 200 mg/l and a 

0 0 0 0 0 7  
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maximum dosage of 400 mg/l. Winemakers will either use the recommended dose or 

perform an application test in order to determine the required dose. 

The Bakers Yeast Mannoprotein colloidal solution preparation has an average dry matter 

content of 20%. The average dosage of the Bakers Yeast Mannoprotein colloidal 

solution will therefore be 1 ml/l wine. 

The maximum dosage of 400 mg Mannoproteitdl wine (e.g., 2 ml Mannoprotein colloidal 

solution/l wine) complies with the maximum dosage established by the Organisation 

lnternationale du Vin (OW) in Resolution OENO 26/2004 (see Annex 1). This Resolution 

is adopted in the Wine Regulation of the European Union (Council Regulation (EC) No 
2 1 65/2005). 

1.3.3 Purpose of Use 

The purpose of the use of Bakers Yeast Mannoprotein is to stabilize wines during 

storage by preventing the development and subsequent precipitation of tartrate crystals, 

which are naturally formed in wine. 

In its normal state, wine is supersaturated with potassium bitartrate salts. These salts 

can form crystals, which precipitate out of the wine. Although this has no effect on the 

taste, the presence of the crystals may be perceived as unpleasant. Consequently, wine 

manufacturers try to limit the presence of the crystals in the bottled wine. 

Current methods to achieve stabilization of wines include induction of tartrate 

precipitation by high energy consuming cold treatment followed by filtration, or delaying 

the crystallization by treatment with the polymer meta-tartaric acid or various types of 

colloidal solutions of chemicals. The addition of Bakers Yeast Mannoprotein to wine can 

be used to replace such treatments. 

f l  is known that wine That is aged on yeast lees (old dead yeast and yeast residues) has 

i;: 8,nrrlved tartrate stability (Riberau-Gayon et al., 2000). Research has established that 

this is due to the Mannoprotein derittb4 from the yeast cells (Gerbaud et al., 1997, 

i-iauberes et al., 1987; Lubbers et al., 1993). 

Although the exact mechanism is not known, it is assumed that the 

attaches to rhe developing tartrate crystals (crystal nucleation site), 

0 0 0 0 0 8  
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them to grow. Consequently, the Mannoprotein-tartrate complexes remain in solution in 

the wine, and the crystallization and precipitation process is delayed by several months 

to years, depending on the storage conditions and wine properties. 

The method to measure the efficiency of Mannoprotein in wine is described in the OIV 

Resolution (see Annex 1). DSM developed its own method to measure the efficiency of 

the Bakers Yeast Mannoprotein, which is presented in Annex 2. 

The results of application trials performed with Bakers Yeast Mannoprotein from DSM 

are described in Annex 3. 

1.3.4 Population Expected to Consume the Bakers Yeast Mannoprotein 

The Bakers Yeast Mannoprotein is expected to be consumed by adults that are drinking 

wines. It should be emphasized, however, that Mannoprotein naturally occurs in the 

bakers yeast Saccharomyces cerevisiae and is, thus, also consumed via various yeast- 

containing and yeast-derived products such as bread and yeast extract. 

1.4 Basis for the GRAS determination 

Pursuant to 21 C.F.R. 5 170.30, DSM has determined, through scientific procedures, 

that Bakers Yeast Mannoprotein derived from bakers yeast (Saccharomyces cerevisiae) 

is GRAS for the intended use set forth in this document. 

0 0 0 0 0 9  

7 



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: 

Name 

Title 

Address 

Email 

Telephone 

J. Reuvers 

Regulatory Affairs Manager 

DSM Food Specialties 
Regulatory Affairs 
P.O. Box 1 
2600 MA Delft 

The Netherlands 

jack.reuvers@ dsrn.com 

+31152793739 

2. 

2.1 

2.2 

2.3 

2.4 

Identity of the notified substance 

Chemical name Mannoprotein 

CAS Reqistrv Number Not applicable 

Empirical Formula Not applicable 

Structural formula 

Mannoprotein represents a large family of natural compounds in which polysaccharide 

chzins are bound to proteins and peptides by covalent and non-covalent linkages (i.e., 

iomc in te  xtions). The structures and molecular weights of Mannoprotein vary, 

&pending 3n the degwe and type of yiycosylation. Their molecular weight ranges from 

2.3 kDa to more than 450 kDa (Food Standards Australia New Zealand, 2008). The 

po!ysacckarde chains consst a!most exclusively of mannose units linked together by a- 

irnks. with a long a-146 linked backbone containing short a-1-2- and a-143 linked 

side chains (Lipke and Ovalle, 1998). Several of the side chains may have 

phosphodiester linkages to other mannosyl residues. 

0 0 0 0 1 0  
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Mannoprotein is found in yeasts where it forms, together with glucan, the main 

component of the cell walls (Lipke and Ovalle, 1998). Apart from the cell wall, yeast cells 

also contain some periplasmic Mannoproteins, such as invertase (Dupin et al., 2000; 

Whitehurst, 2002). 

Ashes 

Nitrogen' 

Carbohydrates 

Fraction of 

mannose in 

carbohydrates 

The Mannoprotein described in this notification is derived from an extract of bakers yeast 

(Saccharomyces cerevisiae). 

Method Unit Limit Batch Batch 

  

550-600°C Yo 1 8  5.3 4.6 

Kjeldahl or % 0.5- 5.9 5.7 

equivalent 7.5 

Phenol/sulfuric Yo 2 60 65 60 

acid 

HPLC after Y O  2 70 95 96 

TFA hydrolysis 

The carbohydrate content of this Mannoprotein is at least 70%, of which at least 60% is 

composed of mannose. The Bakers Yeast Mannoprotein and the glycosidic linkages 

have been identified by NMR (see Annex 4). 

2.5 Quantitative Composition 

The chemical composition on a basis of 100% dry matter Bakers Yeast Mannoprotein is 

presented in the Table below: 

I 
I 

The Bakers \/east Manncnrotein can be sold as ready-to-use spray dried powder or as a 

c=!'.jidal solution. in order to preserve the coiloidal solution after opening, I4  g/l sodium 

c,suifiie is zdded. The colloidal sclution contains 20% 2 2% dry matter. 

0 0 0 0 1 1  
Provided no other nitrogen sources are present, the maximal protein content is N x 6,25 
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2.6 Method of Manufacture 

Bakers yeast (Saccharomyces cerevisiae) naturally contains Mannoprotein. Apart from 

being used in bread, beer and wine, bakers yeast is used to produce a variety of food 

ingredients, including yeast extract. Bakers yeast extract will contain a significant part of 

the Mannoprotein, and can therefore be used as a starting material for the production of 

Mannoprotein. 

The classical bakers yeast strain used by DSM contains about 16% Mannoprotein, and 

the extract derived from the bakers yeast contains between 8 and 12% Mannoprotein. 

DSM uses this food-grade yeast extract as a starting material for the production of the 

Mannoprotein described in this notification. However, in principle also other food grade 

yeast extract products can be used. 

The whole production process of Mannoprotein from yeast extract as described below is 

performed according to current Good Manufacturing Practices: 

The first step in the manufacturing process of the Mannoprotein is the micro-filtration of 

the yeast extract. The aim of this filtration step is to remove particles and high Molecular 

Weight proteineous material to enable the subsequent ultrafiltration step. 

The micro-filtered, clear liquid is subsequently subjected to ultrafiltration (UF) in order to 

concentrate the high Molecular Weight Mannoproteins (> 20 kDa). The UF-concentrate 

is then treated with the enzyme phosphodiesterase from Leptographium procerum in 

order to hydrolyze residual yeast RNA. This is followed by a diafiltration step in order to 

remove low Molecular Weight molecules such as salts, amino acids, nucleotides and 

sugars. 

After diafiltration, the diluted solution is again concentrated by UF to obtain a 

Mannoprotein containing UF-concentrate of 20% +/- 2% dry matter. In order to inactivate 

vcidual enzyme activity, the UF-concentrate is subjected to UHT treatment (1 30-150 "C) 

and subsequerily coded down to 20-40 "C. The UHT-treatsd concentrate is ?^en polish 

t+.=ed in order to remove insoluble proteineous material that was formed during the 

L 37- i, re a tm en t . 
0 0 0 0 1 2  

After filtration, the clear solution is stabilized with 14 g/l sodium bisulfite to prevent 

microbial growth after opening of the package. The stabilized Mannoprotein is packed in 

2.5 or 20 liter cans and stored below 10 "C. 
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A flow diagram of the manufacturing process is given in Annex 5. 

2.7 Characteristic Properties 

Mannoprotein is water soluble and insoluble in ethanol. When in solution, Mannoprotein 

precipitates by the addition of 1 volume of ethanol. 

The Bakers Yeast Mannoprotein colloidal solution preparation described in this dossier 

is a light brown to brown colloidal solution. The content of polysaccharides expressed in 

equivalent of mannose is above 600 g/kg dry matter. 

2.8 No Potential Human Toxicants From Raw Materials 

The Mannoprotein is isolated from bakers yeast extract, where it is naturally present. 

Bakers yeast is known to be a non-pathogenic and non-toxicogenic microorganism. 

Moreover, the bakers yeast extract was affirmed by the FDA to be GRAS (21 C.F.R. 5 
184.1983). 

Toxicological studies have shown that the phosphodiesterase enzyme preparation used 

as a processing aid in the manufacture of the Bakers Yeast Mannoprotein is safe for 

consumption (Steensma et al., 2004). Therefore, there is no scientific basis to assume 

the presence of any human toxicants. 

The addition of sodium bisulfite to the colloidal Mannoprotein solution can be considered 

of no safety concern as well. The use of sodium bisulfite in a wide variety of foods and 

beverages is considered Generally Recognized as Safe (21 C.F.R. 5 182. 3739). When 

dissolved in wine, about half of the weight of sodium bisulfite is transformed into sulfur 

(?:oxide (about one gram of sulfur dioxide is produced when two grams of sulfite are 

a,jded to the wine). Sulfur dioxide is used a commor! ingredient in wine as it protects the 

:olor of the wine from oxidation and preserves its flavor after bottling. According to the 

U.S. regulations (27 C.F.R. 5 24.246), the sulfur dioxide content of the finished wine 

shall not exceed the limitations prescribed in 27 C.F.R. 5 4.22, being 350 mg/l. 

The sodium bisulfite content in the Mannoprotein solution is 14 g/l, whereas the amount 

of Mannoprotein solution added to the wine will not exceed 2 ml/l wine. As a 
0 0 0 0 1 3  
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consequence, the maximal amount of sodium bisulfite added to the wine will be 28 mg/l, 

resulting in 14 mg/l sulfur dioxide. This maximal amount can be considered negligible, 

especially when compared to the amounts that are maximally allowed in wine. According 

to the EU Miscellaneous Additive Directive (European Parliament and Council Directive 

95/2/EC, 1995), a sulfur dioxide content below 10 mg/kg or 10 mg/l is not considered to 

be present. 

Total heavy metals 

Pb 

2.9 Specifications for Food-Grade Material 

The Bakers Yeast Mannoprotein described in this notification is manufactured to comply 

with the purity specifications laid down by the Organisation lnternationale du Vin (OIV) in 

Resolution OENO 26/2004, see Annex 1. 

The chemical and microbial purity specifications and the actual values of three different 

batches are summarized in the following Table: 

mg/kg I 30 

mg/kg 15 

I I Unit I Limit 

<1. <1 <1.2 

Hg I mg/kg 15 0.15 0.1 

Batch Batch Batch 

   

<o. 1 <0.2 

<o. 1 

<0.05 

<o. 1 <0.2 

<0.05 <0.06 

<I  0 

<I 
<10 <10 

<lo  <I  0 I 
Absent I Absent I 

Absent Fibsent 1 Absent i 
Absent I 

i 

Absent 1 Absent 1 Absent I 
I 

< I O  i < I O  1 < I O  1 

0 0 0 0 1 4  
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3. Information on Any Self-Limiting Levels of Use 

The Mannoprotein will be used in all types of wines according to the Quantum Satis 

principle. The level of use will not exceed 400 mg dry Mannoprotein per liter of wine 

(e.g., 2 ml of the Bakers Yeast Mannoprotein colloidal solution preparation per liter of 

wine). As stated earlier, the amount of Bakers Yeast Mannoprotein added will, amongst 

other factors, relate to the amount of naturally occurring Mannoprotein and tartrate in the 

wine. 

4. Basis for exemption from premarket approval 

4.1 Scientific data to establish the safety of Bakers Yeast Mannoprotein 

The Bakers Yeast Mannoprotein described in this notification is derived from a food- 

grade extract of bakers yeast (Saccharomyces cerevisiae). Therefore, the scientific data 

to establish the safety of the Bakers Yeast Mannoprotein are based on the following 

information: 

i) Scientific literature establishing the safety of bakers yeast (Saccharomyces 

cerevisiae) in food and food ingredient production. The scientific literature is 

supported by the safe consumption of various food ingredients prepared from 

Saccharomyces cerevisiae as established by history of safe use, FDA food 

additive and GRAS regulations and the Alcohol and Tobacco Tax and Trade 

Bureau (“TTB) regulations pertaining to wine, including the safety of the yeast 

extractkell walls containing Bakers Yeast Mannoprotein 

ii) Safety studies establishing the safety of DSM’s yeast extract and yeast 
Mannoprotein generally. In addition to the safety studies, the safety of the 

Bakers Yeast Mannoprotein is supported by the following: 

0 the natural occurrence and preexisting presence of Mannoprotein f roq  

.Saccharomyces cerevisiae in wine 

0 the safety of Mannoprotein’s addition to wine as supported by EU and 

Australia, New Zealand, and Argentina 

8 0 0 0 1 5  

13 



Substantial equivalence between the Bakers Yeast Mannoprotein and 

Mannoprotein present in other established safe yeast-derived products 

Intake data of Bakers Yeast Mannoprotein 

4.1.1 Safety of Bakers Yeast Saccharomyces cerevisiae in Food and Food 

Ingredient Production 

The published scientific literature concurs on the established safety of the use of bakers 

yeast (Sacchatomyces cerevisiae) in food. As discussed in the book, Enzymes in Food 

Processing, bakers yeast (Saccharomyces cerevisiae) has a long history of safe use in 

food (Tucker et al., 2000). This microorganism has been used as early as the Stone Age 

(about 9000 BC) as starter cultures in the production of bread, beer and wine. An article 

written by Pretorius and published by Yeast in 2000 notes that between 1857 and 1863, 

Louis Pasteur demonstrated that the yeast Saccharomyces cerevisiae is the micro- 

organism responsible for the fermentation of bread, beer, wine and cider. He discovered 

that a number of varieties of Saccharomyces cerevisiae exist in nature which are more 

or less adapted to these different fermentations. This is possibly the reason why 

Saccharomyces cerevisiae is also known under various other names. The formally 

accepted taxonomic name of the species is Saccharomyces cerevisiae Meyen ex 

Hansen (1 883), but taxonomic textbooks list many synonyms, such as Saccharomyces 

bayanus, Saccharomyces pastorianus, Saccharomyces carlsbergensis, Saccharomyces 

uvarum, Saccharomyces sake, and Saccharomyces vini (Kreger-van Rij, 1984; Barnett 

et at., 1990). 

According to scientific experts, 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 

:+.at is very miikely to produce disease unaer ordinary circumstances.” (Pariza and 

Fgster, 1 W3). 

Tha EurGpean Food Safety Agency (EFSA) came to the conclusion that bakers yeast fits 

this definition of nontoxigenicity and nonpathogenicity2 and that it is also not a major food 

0 0 0 0 1 6  
As discussed later in this document, isolated cases of adverse effects (invasive infections in 

LTiticaliy ill or immunocompromised populations assmated with a probiotic preparation of S. 
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allergen. EFSA therefore gave bakers yeast a Qualified Presumption of Safety (QPS) 

status (EFSA, 2007). This means that in Europe, bakers yeast can be safely used in 

food and feed production and is freed from the need for further safety assessment. 

In addition to the published literature, the FDA has approved dried yeast as an ingredient 

for food (21 C.F.R. 5172.896). In addition, GRAS notifications have been submitted and 

accepted by FDA with no questions for the use of genetically modified yeasts as starter 

cultures for wine (GRAS GRN No. 120 and GRAS GRN No. 175). Indeed, a few food 

standards direct the addition of food grade bakers yeast (Saccharomyces cerevisiae) (21 

C.F.R. § 160.105 Dried eggs, 21 C.F.R. § 160.145 Dried egg whites and 21 C.F.R. § 

160.185 Dried egg yolks). 

Moreover, it is well established that people safely consume bakers yeast daily through 

the consumption of bread and other baked products, and they ingest the related Brewers 

yeast through the drinking of yeast-containing beer. In addition, yeast cell preparations 

are commercialized as food supplements or medicines because of their nutritional 

characteristics (proteins, amino acids, vitamins, minerals and trace elements, see 

www.vitacost.com and Moyad, 2007 and 2008). Yeast is recommended for human 

health against ulcerative colitis, in combination with standard antibiotics against 

Clostridium dificile disease, and as a treatment against persistent diarrhea in children 

(EFSA, 2007). An article published in Microbes and Infection discusses the use of 

Saccharomyces cerevisiae as a b io-co n t ro I agent against Solanaceae diseases 

(Czerucka and Rampal, 2002). Humans are thus daily exposed to bakers yeast 

(Saccharomyces cerevisiae) . 

Apart from the safe use of bakers yeast (Saccharomyces cerevisiae) in food production, 

the safe use of bakers yeast in food ingredient production supports the published 

literature’s assertion that bakers yeast and its derivatives are safe for consumption. 

Since the 1930s, yeast extract products have been developed to enhance the flavor of a 

variety of foodstuffs like soups, sauces and ready-to-eat meals. For instance, bakers 

yeast extract (21 C.F.R. s184.1933) has been affirmed by the FDA as a GRAS flavoring 

sgent and adjuvant. Moreover, autolyzed yeast extract is used as food spread and sold 

mder the brand name Marmite (http:/:en.wi;il?Euia.orq,’\;viki/Marmit~) since 1902 

(httD://www.unilever.co.uWourbrands/foods/marmite.asp). 0 0 0 0 1 7  
cerevisiae; isolated incidence of allergic reaction to freshly prepared bread) do not change the 
conclusion that S. cerevsiae is not pathogenic among healthy populations. 
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As further indication of its safety, bakers yeast (Saccharomyces cerevisiae) is also 

widely used for the production of macromolecular cellular components such as proteins 

including enzymes (see below), lipids and vitamins (Soni, 2007). 

The FDA has approved various yeast-derived products for the use in food. These 

include Bakers yeast protein (21 C.F.R. 51 72.3254, Yeast-malt sprout extract (21 C.F.R. 

9172.590) and Bakers yeast glycan (21 C.F.R. 5172.898). 

Moreover, GRAS notifications were submitted and accepted by FDA with no questions 

for invertase from Saccharomyces cerevisiae (GRAS GRN No. 88) and Bakers yeast 

beta-glucan (GRAS GRN No. 239). 

In addition, autolyzed yeast and cell wall/membranes of autolyzed yeast are authorized 

materials for the treatment of wine in the U.S. (27 C.F.R. 5 24.246) and in the European 

Union (Commission Regulation (EC) No 141 0/2003). 

The above examples show that many different types of products derived from bakers 

yeast (Saccharomyces cerevisiae) are suitable and safe for human consumption. Many 

of the above mentioned products contain - depending on the exact production process - 

Mannoprotein as a component. As a matter of fact, the FDA specifications of Bakers 

yeast glycan state that the carbohydrate is composed of glucan and mannan units in 

approximately a 2:l ratio. See 21 C.F.R. 5 172.898. The enzyme invertase is a 

Mannoprotein in itself (Dupin et ai., 2000). 

Finally, bakers yeast and derived products (yeast extract and invertase) from DSM have 

a long history of safe use. DSM has been in the business of manufacturing bakers yeast 

since 1870, when Mr van Marken started to produce bakers yeast using the co-called 

Vienna process. The factory, called KNG&SF (Koninklijke Nederlandse Gist- en Spiritus 

Fabrieken or Royal Dutch Yeast and Alcohol Factories), later became known as Gist- 

brocades until it was acquired by DSM in 1998. Gist-brocades has always been a major 

yeast producer r.,ith manufacturing sites in various countries in Europe. In the United 

States, Gist-brocades acquired the bakers yeast production sites from Anheuser Busch 

in '!5138, which were sold to Lallemand in 1995. 

In the 1930s Gist-brocades developed production processes for yeast extracts. For the 

production of bakers yeast and the production of yeast extracts, the company developed 

a whole range of commercial yeast strains. The strains were selected from various 

commercial yeast strains available in the market place and were improved for various 

0 0 0 0 1 8  
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applications by classical strain breeding techniques such as mutation and selection and 

crossing of strains, followed by selection of the off-spring for the wanted properties. The 

collection of commercial bakers yeast strains was taxonomically identified by yeast 

experts of the Dutch culture collection, the Centraalbureau voor Schimmelcultures 

(CBS). This is an independent, internationally recognized laboratory. The expert 

concluded that based on morphological and physiological analyses the strains were to 

be identified as Saccharomyces cerevisiae s.1. (see Annex 6). The addition s.1. (sensu 

lato or: in the broad sense) means that by the methods used the strains could not be 

differentiated from synonymous strains such as Saccharomyces bayanus, 

saccharomyces para doxus and Saccha rornyces pas torian us. 

- 

The present commercial strahs employed by DSM for the production of yeast extracts 

and related products such as the Mannoprotein described in this dossier all are 

derivatives of the strains mentioned in Annex 6. 

4.1.2 Safety studies establishing the safety of DSM’s yeast extract and yeast 

Mannoprotein generally 

As shown in Section 4.1 . I ,  bakers yeast has been safely consumed for centuries. Since 

Mannoprotein is part of the yeast cell, it can be scientifically concluded that humans 

have also been daily exposed to Mannoprotein for centuries. 

The published scientific literature demonstrates that Mannoproteins are naturally 

produced during the alcohol fermentation with bakers yeast in the production of wine. 

The safe addition of Mannoproteins to wine has been affirmed by the EU, AustralidNew- 

Zealand and Argentina. The Bakers Yeast Mannoprotein is substantially equivalent to 

Mannoproteins found in other safe food ingredients. 

41.2.1 Relevant safety studies 

Eecause the Bakers Yeast Mannoprotein described in this dossier is derived from yeast 

axtract from DSM, which naturally contains between 8 and 12% Mannoprotein, safety 

studies performed with the yeast extract can be considered as relevant. Moreover, 

because the Bakers Yeast Mannoprotein proved to be substantially equivalent with 
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those from other sources (see below), safety studies performed on other Yeast 

Mannoprotein can also be considered as relevant. 

4.1.2.1 Safety studies performed on yeast extract from DSM 

Safety studies were performed on two yeast extract products from DSM with the 

commercial names of GistexB standard powder and MaxaromeB powder. Both products 

are derived from Saccharomyces cerevisiae. 

Acute toxicitv I 

The acute oral toxicity of Gistex@ standard powder (batch FM 8850-03) and 

MaxaromeB powder (batch 8829-03) was tested in mice under GLP 

according to OECD guideline 401 (adopted February 1987) and the EEC 

directive in the Official Journal of the European Communities L251, volume 

27 of September 19, 1984. 

The test substances were given to groups of 5 male and 5 female mice in one 

single dose of 2000 mg test substance/kg body weight. The test substances 

were dissolved in de-mineralized water at a concentration of 20 g/lOO ml. The 

test substances were given by gavage at 10.0 ml/kg body weight. 

Results 

No signs of toxicity were observed after treatment. All animals gained weight 

during the 14-day observation period, and no mortalities occurred. 

Macroscopic examination at the end of the observation period did not reveal 

any treatment-related gross alterations. 

Conclusion 

Since no mortalities occurred, it can be concluded that the LD50 of Gistex@ 

2nd Maxa-ome@ exceeds 2000 mg/kg body weight, both in male and female 

mice. 

0 0 8 0 2 0  
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Acute foxicifv I/ 

MaxaromeB (batch 5002), Gistex@ (batch 44-3) and Maxaromea (batch 

5002 with NaCl added to the same level as in Gistex@) were studied for 

acute toxicity in Wistar rats. Animals of 75-80 g received the test substance 

dissolved in distillated water at a level of 10 mI/kg body weight. The test 

substance was administered by the oral (gavage), intraperitoneal and 

intravenous route. After administration, the animals were observed during 5 

days. 

Results 

The LD50 for the oral and intraperitoneal route was >8000 mg/kg for all three 

test substances. The LD50 for the intravenous route was 2000 mg/kg for 

MaxaromeB and Gistex and 141 0 mg/kg for MaxaromeB with added salt. 

Subacute toxicitv I 

5 male and 5 female Wistar rats per group received by gavage Maxarome@ 
(batch 5002), Gistex@ (batch 44-3) and MaxaromeB (batch 5002 with NaCl 

added to the same level as in GistexB) for 10 days at a dose of 2000 mg/kg. 

The control group received distilled water. 

All animals behaved normally and none of the animals died. Body weight gain 

was comparable among the groups. Significant differences in organ weight 

(heart, liver, kidneys) were not observed. Macroscopy did not reveal any 

treatment-related effects. 

Subacute toxicitv I1 

0 0 0 0 2 1  
Male and female Wistar rats were dosed Maxarome@ paste by gavage at a 

level of 50, 175 and 650 mg/kg body weight. MaxaromeB paste was 

dissolved in physiological salt solution. The first control group received 15.2 

mg NaCVkg body weight, the same salt level as Maxarome@ paste, and the 

second control group received physiological salt solution. Dosing was at 10 

mI/kg body weight. All groups consisted of 5 males and 5 females, except the 
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control group 2, which contained 15 males and 15 females. Dosing continued 

for 27 days. 

Resu I ts 

No animals died and no differences were observed between the groups 

concerning clinical signs. Body weight gain, clinical chemistry and 

hematology, urine analysis, absolute and relative organ weights and 

histopathology did not show any treatment-related effects. 

Bacterial reverse mutation test 

The mutagenicity potency of Gistex@ standard powder (batch PHS2 A04) 

was studied under GLP and in compliance with the OECD guideline 471 

(adopted 21 July 1997). The test was performed with four histidine-dependent 

Salmonella typhimurium strains TA 98, TA 100, TA 1535 and TA 1537 and 

one tryptophan-dependent Escherichia coli strain WP2 uvrA. 

One test was performed with all strains in both the presence and absence of 

S9-mix with five different concentrations of the test substance ranging from 

62-5000 pg/plate. The test compound was dissolved in water. Negative 

(solvent) and positive controls were run simultaneously with the test 

substance. 

Results 

The test substance was not toxic to any strain, as was evidenced by the 

absence of a decrease in the mean number of revertant colonies. In both the 

absence and presence of S9-mix, the test substance did not cause a 

reproducible increase in the mean number of revertant colonies appearing in 

t h e  test plates compared to the background spontaneous reversion rate 
chserved with the negative control. The posirive controls gave the expected 

increase in the number of revertants in both the presence and absence of S9- 

mix. 

Conclusion 

It is concluded that the test substance was not mutagenic under the 

conditions employed in this study. 
0 0 0 0 2 2  
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Micronucleus assav 

GistexO (batch FM 8850-03) and MaxaromeO (batch 8829-03) were 

examined for their potential to induce micronuclei in bone marrow of mice 

under GLP and in compliance with EEC-protocol 8.12 and OECD guideline 

474 (adopted May 26, 1983). 

15 Males and 15 females were treated once orally with 10 ml per kg body 

weight of a 20% (w/v) solution of GistexWMaxarorneO in water. This amount 

is equivalent to 2000 mg per kg body weight, which represents the limit dose. 

Negative (water) and positive (mitomycin C) controls were run 

simultaneously. At 24, 48 and 72 hours after treatment, the animals were 

sacrificed and bone marrow was collected for analyses. 

Treatment with GistexB or MaxaromeB did not induce any signs of toxicity 

and mean body weights were not affected. 

The incidences of micronucleated poly- and normochromatic erythrocytes 
(MPE and MNE) in mice treated with GistexB or MaxaromeB were fully 

comparable to those found in the concomitant negative controls. There were 
no indications for decreases in the number of poly- and normochromatic 

erythrocytes (PE and NE) per 1000 E at any of the three sacrifice times 
attributable to treatment with GistexO or MaxaromeO. The positive controls 

showed an increased incidence of MNE and MPE and a decrease in the 

number of PE per 1000 E. 

In conclusion, GistexO and MaxaromeO did not show any mutagenic activity. 

0 0 0 0 2 3  
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4.1.2.3 Safety studies performed on Yeast Mannoprotein described in literature 

Safety studies performed on MannostabTM, another bakers yeast mannopr~tein,~ 

are described in the Australian approval (Food Standards Australia New Zealand, 

2008). 

An acute irritantkorrosive study on the skin was performed according to OECD 

guideline 404. Three male rabbits were subjected to 0.5 g of the MannostabTM 

Mannoprotein on the skin by means of a semi-occlusive dressing and evaluated 

1, 24, 48 and 72 hours after dressing removal. No macroscopic cutaneous 

reaction was observed. 

The acute irritantkorrosive effect on the eyes was evaluated according to OECD 

guideline 405. The substance was applied neat (0.1 g) in one eye of 3 female 

rabbits and ocular reactions were evaluated 1, 24, 48 and 72 hours after 

instillation. Ocular reactions stayed very low and were totally reversible after 3 

days. The MannostabTM Mannoprotein is considered “weakly irritating for the 

eyes” according to the scale described in the Official Journal of the French 

Republic, dated July 10, 1992. 

The MannostabTM Mannoprotein was tested for the ability to sensitize the skin 

according to OECD guideline 406. Thirty-seven female guinea pigs were induced 

by dermal injection after which after several periods the release took place by 

topical application. Only limited reactions were observed, and these limited 

reactions had disappeared at the second release. 

The performance of these rather unusual type of studies in relation to food 

additives was probably triggered by the fact that the MannostabTM Mannoprotein 

is a powder formulation. It was concluded that the MannostabTM Mannoprotein is 

not irritantkorrosive to the skin, is weakly irritating to the eyes, and is not a skin 

sensitizer. 

‘ P4annostab”’ is produced by a different manufacturer. However, as discussed later in 
this GRAS nmfication, a comparison of NMR profiles establish the substantial 
equivalency of the MannostabTM mannoprotein and the Bakers Yeast Mannoprotein that 
is the subject of this document. 

0 0 0 0 2 4  
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In addition, published studies indicate that the Yeast Mannoprotein is digested 

like other dietary proteins and carbohydrates. From in vivo experiments with rats 

it was observed that 89% of the Mannoprotein was digested although it remained 

unclear if digestive enzymes were responsible for the hydrolysis or intestinal flora 

(Adrian et al., 1996). It was shown in vitro, by incubating Mannoprotein in a 

solution simulating intestinal fluid, that more than 80% of the Mannoprotein was 

degraded by pancreatic enzymes and especially by the proteolytic enzymes of 

the pancreas (Moine-Ledoux, 2008). 

Yeast cell walls, which are mainly composed of Mannoprotein and beta-glucans 

(Lipke and Ovalle, 1998), were evaluated in a 4-week feeding study in rats 

(Nakamura and Shirasu, 2000). No significant changes on hematological and 

chemical mediators in serum and urine were found. Moreover, the cell walls did 

not affect the organ weights and there were no significant differences when 

compared to the control group. In addition, no statistically significant changes in 

body weight gain and feed consumption were found. 

A literature search (see Annex 8) found are no reports to date addressing 

allergenic reactions or other negative effects due to oral intake of Mannoprotein 

via wine or other sources like bread, beer and yeast. 

4.1.3. Safety of Naturally Occurring Mannoprotein from Saccharomyces 

cerevisiae in wine 

As noted in the books, Enzymes in Food Processing (Tucker et al, 2000) and 

Enzymes in Food Technology (Whitehurst et al, 2002), Mannoprotein is naturally 

occurring in wine due to the alcohol fermentation with yeast in the wine 

manufacturing process. While yeast growth and autolysis take place during 

zlcoholic fermentation, natural yeast Mannoprotein is released into the wine. As 
indicated by published scientific literature, the finai wine product contains natural 

\:3ast Mannoprotcin as a result of the yeast fermentation (Vidal et al., 2003; 

Gongalves et al., 2002; Llauberes et al., 1987; Dupin et al., 2000). 

The published scientific literature discusses the beneficial aspects of the 

presence of Mannoprotein in wine (Caridi, 2006; Caridi, 2007). Mannoprotein can 

interact with aroma compounds and thus potentially change the sensory 0 0 0 0 2 5  
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properties of wine (Lubbers et al., 1994). In tasting trials, wine with higher 

Mannoprotein content is often preferred because of the perceptible roundness 

(Dupin et al., 2000; Llauberes et al., 1987). In addition, Mannoprotein can 

enhance lactic acid bacteria growth and in that manner aid in the timely 

completion of malolactic fermentation. Finally, Mannoprotein can protect wine 

from tartrate precipitation (Gerbaud et al., 1997). 

The scientific literature notes that wine may contain 200-500 mg natural 

Mannoprotein per liter of wine (Dupin et al., 2000; Llauberes et al., 1987). In 

those cases, where the natural Mannoprotein content is too low for stabilization 

(also depending on the tartrate concentration), extra Mannoprotein can be added 

to achieve effective stabilization of the wine. 

Since Mannoprotein is naturally occurring in wine produced by yeast 

fermentation, and since the amount of Mannoprotein added will depend on the 

amount of natural Mannoprotein and tartrate present, a scientific assumption can 

be made that the addition of Bakers Yeast Mannoprotein to wine will not produce 

new or unexpected byproducts. 

4.1.4 Substantial equivalence with Mannoprotein present in other yeast-derived 

products 

Several expert groups, as well as FDA and FDA scientists, have discussed the 

concept of substantial equivalence to food safety assessment (OECD, 1993 and 

2003; Joint FAONVHO Expert Consultation on Biotechnology and Food Safety, 

1996). Essentially, all these groups conclude that if a food ingredient is 

substantially equivalent to an existing food ingredient known to be safe, then no 

frxther safety considerations other than those for the existing ingredient are 

necessary. 

in order to compare the Bakers Yeast Mannoprotein described in this dossier 

with the ones present in other foods, NMR profiles of the Bakers Yeast 

Mannoprotein were compared with those present in the following products 

already established as safe: 

0 0 0 0 2 6  
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0 

0 White wine (Chablis) 

0 

Invertase from Saccharomyces cerevisiae 

0 

Autolyzed yeast extract food spread (Marmite) 

Yeast extract from another producer 

Bakers Yeast Mannoprotein from another producer (MannostabTM) 

From the results, which are presented in Annex 7,  it can be concluded that the 

Mannoprotein from these sources are substantially equivalent with the Bakers 

Yeast Mannoprotein described in this dossier. Since the other sources of 

Mannoprotein are safe for use in foods (either as affirmed as GRAS by FDA or 

by independent findings of safety), and the Mannoprotein from these sources is 

substantially equivalent to Bakers Yeast Mannoprotein, one can scientifically 

conclude that Bakers Yeast Mannoprotein is also safe. 

4.2 The safety of Mannoprotein as supported by EU, Australia, New Zealand, 

and Argentina 

Mannoprotein from Saccharomyces cerevisiae was officially approved for the 

stabilization of wine in the European Union (Council Regulation (EC) No 

2165/2005) and, more recently, in Australia and New Zealand (Food Standards 

Australia New Zealand, 2008) and in Argentina (Resolucion C 19/2006). 

4.3 Intake data of Bakers Yeast Mannoprotein 

Intake of Yeast Mannoprotein has occurred for centuries through the 

consumption of beer, wine and bread. Moreover, Yeast Mannoprotein is 

consumed through yeast-derived products such as yeast extract. Compared to 

tii;? intake via these products, the consimption of Bakers Yeast Mannoprotein 

.;hen added to wine is negligible, as can be concluded from the calculation 

3elow: 
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a 

Mean intakea) 

(g/per 
persodday) 

25 

409 

106 

4 

Natural occurring levels of Yeast Mannoprotein in foods are: 

Beer: 

Wine: 

Bread/pastries: 3.2-8 g/kg4 

Yeast extract: 80-120 g/kg 

83-507 mg/l (Food Standards Australia New Zealand, 2008) 

200-500 mg/l (Dupin et al., 2000; Llauberes et al., 1987) 

90th percentile 

intakeb) 

(g/per persodday) 

50 

81 8 

21 2 

8 

Based on these levels, the following Estimated Daily Intake (EDI) of natural occurring 

Yeast Mannoprotein can be calculated: 

Food item 

Wine‘) 

Beerd) 

Bread“) 

S p reads‘) 

Supplements@ 

Mannoprotein 

content 

(mg/l or mg/kg) 

200-500 

83-507 

3200-8000 

80000-1 20000 

16000 

ED1 of 

Mannoprotein 

(g/per person/day) 

0.03 

0.41 

1.70 

0.96 

0.5 

3.6 

a) Combined results from UDSA’s 1995 and 1995 continuing survey of food intakes by individuals and 1994 
and 1995 diet and health knowledge survey (Wilson et al, 1997). In general, the mean intake is given. 
However, for wine and beer the highest intake is given, since the mean intake was much lower than the 
intake in a certain category. 
b) 90th percentile is calculated as twice the mean intake (CFSAN, 2006) 
c) Highest intake category: Women 50-59 years of age, overall mean = 10 g/day 
d) Highest intake category: Men 20-29 years of age, overall mean = 90 g/day 
e) Overall mean for following categories: 1) Yeast breads and rolls, 2) quick breads, pancakes and French 
toast and 3) Cakes Cookies, pastries and pies. 
f )  www.marmite.co.uWlove/nutrition 
g) Recommendation on packaging label 

As can be concluded from this calculation, the ED1 of natural Yeast Mannoprotein 

through the consumption of bread is about a factor 50 higher than through the 

consumption of wine. 

J 

contains 2-546 yeast (2-5 kg yeastii 00 kg flour). Since yeast contains about 16% Mannoprotein, the 
“Jannoprotein content of bread is 3.2-8 g/kg bread. 

According to the European Bakery Yeast Manufacturers Association Cofalec (~,~/,.r:~iw.Ccialec.ccrn) bread 

0 0 0 0 2 8  
26 



If the Bakers Yeast Mannoprotein described in this dossier is added in an amount of 50- 

400 mg/l wine, this will result in a maximal additional ED1 of 0.02 g/per person/day, 

which is less than 2% of the ED1 consumed via bread. 

Due to the low amount of Yeast Mannoprotein present in the total diet via consumption 

of wine, there is no basis to believe that the presence of Bakers Yeast Mannoprotein will 

have a significant effect, if any, on processed foods or on the human body. 

4.4 information that may appear to be inconsistent with the GRAS 

determination 

3 

An extensive literature research on the safety of Saccharomyces cerevisiae has been 

performed by the European Food Safety Agency (EFSA, 2007). The following is an 

extract of the EFSA report: 

Saccharomyces cerevisiae (also known as "baker's yeast" or "brewers 

yeast'? is mostly considered to be an occasional digestive commensal. 

However, since the 19903, there have been a growing number of reports 

about its implication as an aetiological agent of invasive infection in 

"fragile" populations. A particular feature of such infections is their 

association with a probiotic preparation of S. cerevisiae (subtype S. 

boulardii) for treatment of various diarrhoeal disorders (see below). The 

nature of S. cerevisiae (subtype S. boulardii) and its clinical applications 

are reviewed by (Buts and Bernasconi 20055). 

In one review, 92 cases of Saccharomyces invasive infection were 

presented (Enache-Angoulvant and Hennequin 20056). Predisposing 

factors were similar to those of invasive candidosis, with intravascular and 

antibiotic therapy being the most frequent. Blood was the most frequent 

sic? of ;solation (78% or 72 patients). S. cerevisiae (subtype S. boulardii) 

2i;courired for 51.3% (47 cases) of fungaemias and was exclusively 

Buts, J. P. and P. Bernasconi (2005). "Saccharomyces boulardii: basic science and clinical applications in 

Enache-Angoulvant, A. and C. Hennequin (2005). "Invasive Saccharomyces infection: a comprehensive 

gastroenterology." Gastroenterol Clin North Am 34(3): 51 5-32 

review." Clin Infect Dis 41 (1 1 ): 1559-68 

0 0 0 0 2 9  
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isolated from blood. Special caution should be taken regarding the use of 
S. cerevisiae (subtype S. boulardii) preparations (Fleet and Roostita, 

20067). There are number of recent reports and reviews regarding the 

safety of S. cerevisiae (subtype S. boulardii) preparations involved in: 

A case of Saccharomyces cerevisiae acquired fungaemia 

(Cassone, Serra et a/. 2003; Graf and Gavazzi 20076). The 

authors concluded that probiotics should be used cautiously in 

certain high-risk populations. 

A review of the current literature reinforces the view that 
fungaemia and sepsis are rare complications of the administration 

of S. cerevisiae (subtype S. boulardii) in immunocompromised 

patients but confirms that the most important risk factor for S. 

cerevisiae fungaemia is the use of probiotics (Herbrecht and 
Nivoix 2005'; Munoz, Bouza et a/. 2005"). This raises the 
question of the risk-benefit ratio of these agents in critically ill or 

immunocompromised patients who are likely to develop an 
infection after exposure to high amounts of a microorganism with 

a low virulence. 

The body of knowledge is considered as sufficient (long history of safe 
use) with only 92 cases of pathogenic cases involving S. cerevisiae 

reported in total (15 cases diagnosed before 1990); all patients had at 
least one condition facilitating the opportunistic development of S. 

cerevisiae. S. bayanus and S. pastorianus are used in wine and beer 
production. There are no foodborne infection issues for these species. 

On basis of this research, EFSA classified Saccharomyces cerevisiae as a QPS 

(Qualified Presumption as Safe) organism, a non-pathogen and not a major food 

' Fket. G. H., Roostita, R. (2C06). The public health and probiotic sign!ficance of yeasts in foods and 
baverages. The Yeast Handbook. A. Querol. Fleet, G.H. Berlin, Springer 

Fatients neiahDoring those tirated with a probiotic preparation of the organism." J Clin Microbiol 41(11): 

' Herbrecht, R. and Y. Nivoix (2005). "Saccharomyces cerevisiae fungemia: an adverse effect of 
Saccharomyces boulardii probiotic administration." Clin Infect Dis 40( 1 1 ): 1635-7 

Cassone. hl.. P. Serra, er al. 12003). "Outbreak of Saccharomyces cerevisiae subtype boulardii fungemia in 

5340-3 

Munoz, P., E. Bouza, et al. (2005). "Saccharomyces cerevisiae fungemia: an emerging infectious 

0006)RO 
disease." Clin Infect Dis 40(11): 1625-34. 
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allergen. As stated earlier, this means that it can be safely used in food and feed without 

additional safety test i ng . 

As concluded by the EFSA, Saccharomyces cerevisiae is not a major food allergen. 

However, it is well known that when inhaled, proteins in general can cause sensitization 

and allergic reactions. Inhalation allergy towards Saccharomyces cerevisiae has been 

described by Baldo and Baker (1988). This type of allergy is predominantly observed in 

bakers. 

Regarding oral allergy against Saccharomyces cerevisiae only one possible case is 

known (Pajno et ai., 2005). An atopic 6-year old boy experienced generalized urticaria 

and asthma after eating pizza and bread fresh from the oven (within one hour). The 

reaction towards yeast was confirmed in a prick-by prick procedure. The reaction only 

occurred when the bread just had been prepared, whilst no symptoms occurred when 

the bread was eaten more than one hour after preparation. Since this phenomenon is 

uncommon with regard to allergens, the cause of the boy’s allergic reaction remains 

inconclusive. 

From literature research regarding the allergenicity or sensitization by Mannoproteins in 

general, several references describing antigenicity from Mannoproteins from the yeast 

Candida albicans were found (see Annex 8). Candida albicans is an invasive 

opportunistic fungal pathogen and this type of allergy thus requires direct blood contact. 

No references were found describing oral allergenicity due to the consumption of Bakers 

Yeast Mannoprotein. 

Based on the above discussion, it can be scientifically concluded that it is unlikely that 

Bakers Yeast Mannoprotein will result in sensitization or allergies after consumption 

through wine. 

5. Conclusions 

The published literature discusses a long history of safe human consumption of 

bakers yeast (Saccharomyces cerevisiae), primarily dire to its use in baking and 

brewing. Yeasts are safely consumed as dietary and nutritional supplements. As 

further indication of the safety of bakers yeast, various yeast-derived products 

have been approved as food additives, affirmed as GRAS, or are the subject of 

0 0 0 0 3 1  
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GRAS notifications accepted by FDA. 

e Toxicological studies have shown that the starting material for the production of 

Bakers Yeast Mannoprotein, DSM yeast extract, is safe for consumption. 

Furthermore, yeast extract has been affirmed as safe by FDA regulations. 

d 

d) 

e Mannoprotein released from wine yeast during fermentation is naturally present 

in wine. Yeast Mannoprotein is digested as normal dietary proteins and 

carbohydrates and is nontoxic and nonpathogenic as established by scientific 

studies. Literature research on the Mannoprotein itself did not reveal any issues 

of toxicological concern. The EU, Australia, New Zealand, and Argentina 

authorize the use of Mannoprotein in wines. The Bakers Yeast Mannoprotein is 

substantially equivalent to the Mannoprotein in other food ingredients found to be 

safe. No new or unexpected compounds will be formed or added with the 

addition of Bakers Yeast Mannoprotein to wine. 

The estimated intake of Bakers Yeast Mannoprotein will cause a de minimus 

increase in the overall consumption of Mannoprotein, and there is no basis to 

believe this additional amount of Mannoprotein will have a significant effect, if 

any, on the safety profile of the finished food product. 

0 Toxicological studies have shown that the phosphodiesterase enzyme 

preparation used as a processing aid in the processing of Bakers Yeast 

Mannoprotein is safe for consumption. 

0 Product specifications indicate the Bakers Yeast Mannoprotein does not contain 

chemical or microbiological contaminants above relevant limits. 

When applying the decision tree that was developed by Pariza and Johnson 

(2001) to evaluate the safety of microbial enzymes, it was scientifically concluded 

that Bakers Yeast Mannoprotein is safe for human consumption (see Annex 9) 

Eased on a review of scientific literature, it is concluded that use of the Bakers Yeast 

I';'innoprotein for the stabilization of wine is GRAS. 
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6. List of Annexes 

1. Resolution OENO 26/2004 of the OIV 

2. Method to determine the efficiency of Bakers Yeast Mannoprotein to inhibit 
tartrate precipitation 

3. Application trials performed with Bakers Yeast Mannoprotein 

4. NMR spectrum of Bakers Yeast Mannoprotein 

5. Flow diagram of the production process of Bakers Yeast Mannoprotein 

6. Taxonomy of bakers yeast strains of DSM 

7. Proof of substantial equivalence between Bakers Yeast Mannoprotein and other 
Mannoprotein containing food ingredients 

8., Results of a literature review on negative effects due to the intake of 
Mannoprotein 

9. Pariza & Johnson decision tree for Bakers Yeast Mannoprotein 
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RESOLUTION OENO 26/2004 

YEAST MAN NOPROTEINS 

THE GENERAL ASSEMBLY, 

In view of Article 2 paragraph iv of the Agreement of 3 April 2001 establishing the 
International Organisation of Vine and Wine, 

On the proposal of the Sub-Cornmission of Methods of Analysis and Appraisal of Wines, 

DECIDES to introduce the following method in the Compendium of International Methods 
of Analysis of Wines and Musts: 

YEAST MANNOPROTEINS 

1. OBJECT, ORIGIN AND FIELD OF APPLICATION 
Mannoproteins are extracted from Saccharomyces cerevisiae yeast cell walls by 

physico-chemical of enzymatic methods. 
Mannoproteins are different structures depending on their molecular weight, their 

degree and type of glycosylation, and their load size. Depending on their extraction 
mode, they have different tartaric and/or protein stabilisation of wine. 

2. LABELLING 
The label must indicate the field of application (tartaric and/or protein stabilisation 

For solution preparations, the concentration of mannoproteins, the content of 
of wine), security and storage conditions in addition to the date of expiry. 

sulphur dioxide must likewise be indicated. 

3. CHARACTERISATION 
3.1 - Mannoproteins are found in powder form, usually microgranulated, white or 

beige in colour, odorless, or in a colloidal solution , yellow in colour, translucid. 

3.2 - Mannoproteins are water soluble and insoluble in ethanol. In solution form, they 
precipate when 1 volume of ethanol is added. 

3.3 - Optical rotation 
The specific optical rotation is measured at 589 nm (sodium D line) and is related to a 
10 g/l mannoprotein solution with a length ldm. 
Certains mannoproteins with a [~f!D200C rotary power between 80 O and 150° can be 
distinguished from the arabic gum with a rotary power below 50". , 

Fedxico CASTEL L UCCI 
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RESOLUTION OENO 26/2004 

Other preparations can only be distinguished by the percent composition in sugar 
(see point 4.12) 

4. TRIALS 

4.1 Loss through desiccation 

4.1.1 Powder mannoprotein: 
Put 5 g of mannoproteins in a 70 mm diameter silica capsule. Place in 100-105 OC 
drying chamber for 5 hours. Weight loss must not be more than 15%. 

4.1.2 Mannoproteins in solution: 
Put 10 g of mannoproteins in a 70 mm diameter silica capsule. Put over 100 OC water 
bath for 4 hours in a 100-105 OC drying chamber for 3 heures. 
The quantity of dry residue must be at least 10%. 

The limits set below are related to dry products. 

4.2 Ashes 
Incinerate dry residue at 550-600 OC. Ash content must not be more than 8%. 

4.3 Preparation of solution for trials 
Prepare a 10 g/l mannoprotein solution in water. 
In the case of mannoprotein solution, weigh amount corresponding to 5 g of dry 
residue, evaporate until almost dry and dissolve again to 10 g/l in water. 

4.4 Heavy metals 
Determine iron on the solution prepared for trials (4.3) according to the method 
described in Chapter I1 of the International Oenological Codex 
The content expressed in lead must be less than 30 mg/kg. 

4.5 Lead 
Determine lead on the solution prepared for trials (4.3) according to the method 
described in Chapter I1 of the International Oenological Codex 
The content expressed in lead must be less than 5 mg/kg. 

4.6 Mercury 
Determine mercury on the solution prepared for trials (4.3) according to the method 
described in Chapter I1 of the International Oenological Codex 
without e va po rat i n g the so I uti o n . 
The content of mercury must be less than 0.15 mg/kg. 
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4.7 Arsenic 
Determine arsenic according to the method described in Chapter I1 of the 
International Oenological Codex on a solution for trials (4.3) 
The content of arsenic must be less than 1 mg/kg. 

4.8 Cadmium 
Determine cadium according to the method described in Chapter I1 of the 
International Oenological Codex on a solution for trials (4.3) 
The content of cadium must be less than 0.5 mg/kg. 

4.9 Total nitrogen 
Introduce 5 g of mannoproteins in a 300 ml mineralisation flask with 15 ml of 
concentrated sulphuric acid (R) and 2 g of mineralisation catalyser (R). Continue the 
determination as indicated in Chapter I1 of the International Oenological Codex. 
In the case of mannoprotein solution, weigh an amount corresponding to 5 g of dry 
residue, evaporate until almost dry then proceed as in the above. 
The content of nitrogen must be between 5 and 75 g/kg 

4.10 Microbiological analysis 

4.10.1 Total aerobic mesophile flora 
Proceed with counting according to method described in Chapter I1 of the 
International Oenological Codex. 
Not more than 10 000 total aerobic mesophile germs in 1 g. 

4.10.2 Coliforms 
Proceed with counting according to method described in Chapter I1 of the 
International Oenological Codex. 
Not more than 10 CFU/g of preparation. 

4.10.3 Staphylococcus aureus 
Proceed with counting according to method described in Chapter I1 of the 
International Oenological Codex. 
Absence checked for Staphylococcus aureus on a 1 g sample. 

4.10.4 Salmonella 
Proceed with counting according to method described in Chapter I1 of the 
International Oenological Codex. 
Absence checked for salmonella on a 25 g sample 

4.10.5 Escherichia coli 
Proceed with counting according to method described in Chapter I1 of the 
International Oenoloqical Codex. 
Absence checked forEscherichia cd! on a 25 4 sample 

0 0 0 0 4 3  
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4.10.6 Lactic bacteria 
Proceed with counting according to method described in Chapter I1 of the 
International Oenological Codex. 
Not more than lo4 CFU/g of perparation. 

4.10.7 Mould 
Proceed with counting according to method described in Chapter I1 of the 
International Oenological Codex. 
Not more than 50 CFU/g of preparation. 

4.10.8 Yeasts 
Proceed with counting according to method described in Chapter I1 of the 
International Oenological Codex. 
Not more than lo2 CFU/g of preparation. 

4.11 Polysaccharides 

4.11.1 Principle: 
Measure colour intensity using hot phenol solution in a sulfuric medium. 

4.11.2 Products: 
4.11.2.1 15 mg/l mannoprotein solution 
Dissolve 150 mg of mannoproteins in 100 ml of distilled water, then dilute this 
solution 1/100 with distilled water. 
4.11.2.2 50 g/1 phenol solution 
Dissolve 5 g of pure phenol in 100 ml of distilled water. 

4.11.3 Protocol: 
200 1-11 of phenol (4.11.2.2) then 1 ml of pure sulphuric acid (R) are added to 
200 1-11 of solution to be determined (4.11.2.1). After immediately mixing, the 
tubes are heated at 100°C in a bath water for 5 minutes and then cooled to 0 
OC. 
After reaching room temperature, absorbance is measured at 490 nm. 100 mg/l 
mannose solution is the reference solution. 
(Content of polysaccharides expressed in equivalent, of mannose above 600 
g/kg) 

4.12 Centesimal composition of glucidic monomers 

4.12.1 Principle: 
Enzymatic determination of glucose and mannose after acid hydrolysis. 
i h e  determination of mannose is ca-ried out followlng the determination of fructose 
3rd the addltion of phospqomannose isomerase (PMI). 

- 
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4.12.2 Products: 
4.12.2.1 Mannoprotein solution 5 g/l 
Dissolve 500 mg of mannoproteins in 100 ml of distilled water. 

4.12.2.2 Sulphuric acid solution 5 M 
Place 28 ml of sulphuric acid in 100 ml of distilled water. 

4.12.2.3 Potassium hydroxide solution 10 M 
Dissolve 46 g of potassium hydroxide in 100 ml of distilled water. 

4.12.2.4 Phosphomannose isomerase 616 U/ml. 

4.12.3 Protocol: 
Place 100 VI of solution to be determined (4.12.2.1) in airtight sealed tubes and 
add 1 ml of sulphuric acid (4.12.2.2). After mixing, the tubes are heated at 100 OC 
in a water bath for 30 minutes and then cooled to 0 OC.  After room temperature is 
reached, 1 ml of potassium hydroxide is added to neutralise the medium. 
The detrmination of glucose and mannose can be carried out according to the 
method described in the compendium. Mannoproteins must contain at least 70% 
of mannose compared to total polysaccharides determined in 4.11. 

4.13 Mannoprotein efficency test with regards to tartaric precipitation 
4.13.1 Principle: 
Determination of dose of mannoproteins to delay cristallisation of potassium 
hydrogenotartrate in a hyrdoalcoholic solution 

4.13.2 Produits: 

Crysalised tartaric Ac: PM = 150.05 
Ethanol at 95% volume 
Potassium chloride: PM= 74,s 
Potassium hydrogenotartrate: PM= 188 

4.13.3 Protocol: 

4.13.3.1 Mannoprotein solution 10 g/l 
Dissolve 1 g of mannoproteins in 100 rnl of distilled water. 
4.13.3.2 Hydro-alcoholic matrix 
In a 1 liter volumetric flask half filled with distilled water dissolve: 
- Tartaric acid: 2.1 g 
- Potassium chloride: 1.1 g 
- Ethanol a t  95 O/O volume: 110 ml 
htomogenise and fill up with distilled water. 

0 0 0 0 4 5  
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4.13.4 Test: 
Place increasing quantities of mannoprotein solution (4.13.3.1) in a lOOml 
volumetric flask 0 - 1 - 2 - 3 - 4 ml and the volume is brought up to 100 ml with 
hydro-alcoholic matrix (4.13.3.2). These quantities correspond to final quantities 
of 0 - 100 - 200 - 300 - 400 mg/l of mannoproteins. 
Add potassium hydrogenotartrate in each 100 mg flask. 
Heat at 40 O C  in a water bath for 1 hour until the complete solubilization of 
potassium hydrogenotartrate. 
Stack the flasks in a refrigerator at 4 OC. 

Observation after 48 hours: 
The reference flask containing 0 ml of mannoprotein solution (4.13.3.1) 
Presents potssium hydrogenotartrate crystals. 
The absence of crystals in flasks containing mannoproteins aids in appraising the 
effectiveness. In all cases, crystals must be absent in a solution containing 400 
mg/l of mannoproteins. 

4.14 Mannoprotein efficiency test regarding protein c a s e s  

Determination of mannoprotein dose needed to improve protein stabilisation of 
wine. 

4.14.3 Principle 

4.14.4 Product: 
Bovine serum albumen (Fraction V) (BSA) 

4.14.5 Protocol: 

4.14.5.1 
Dissolve 2 g of bovine serum albumen in 200 ml of distilled water. 
4.14.3.2 20 g/l mannoprotein solution 
Dissolve 2 g of mannoproteins in 100 ml of distilled water. 

10 g/l bovine serum albumen solution 

4.14.4 Test 

Placer 1 ml of BSA solution (4.14.3.1) in two 100 ml volumetric flasks and bring 
up to 100 ml in each flask with dry white wine which presents no cloudiness with 
heating (or stabilised if necessary with an adequate dose of bentonite treatment), 
and homogenize. 
Adjust 0 and 1 ml of mannoprotein solution (4.14.3.2) and homogenize. These 
?uantities correspond to 0 and 200 mg/l final doses of mannoproteins. 
Filter reference and treated solutions through a membrance with a 0.45 pm pore 
d!z;meter. Pour the filtered solutions in two 50 ml flasks. 

0 0 0 0 4 6  
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Place the 2 50 ml flasks and heat at 80 OC in a water bath for 30 minutes. Let cool 
to room temperature for 45 minutes, measure turbidity of reference and treated 
solution. 
The decrease in turbidity between the reference sample and the treated sample 
must be at least 50%. 

4.15 Dosage in wine 

Principle 
The dosage of mannoproteins in wine can be carried out after precipitating ethanol (5 
volumes), acid hydrolysis from the precipitate and determination of released mannose 
according to the method listed in the annex. 

5. STORAGE CONDITIONS 

Solid mannoproteins have a 2 year shelf life if they are stored away from humidity 
in a sealed pack in a temperate room. 
Mannoproteins present in colloidal solutions ready to be used must be stored in a 
hermetically sealed container. 

Fetlrrico C4STELLL‘CCI 
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Annex 

Determination of mannose using enzymatic method 

Principle 

Mannose is phosphorylated like glucose and fructose: 

Following the determination of glucose and fructose, mannose-6-phosphate is 
transformed due to the action of phosphomannose isomerase (PMI) in fructose-6- 
phosphate. 

Mannose + ATP .-b M6P + ADP 

PMI 
M-6-P F-6-P 

Fructose-6-phosphate formed again is transformed as before in glucose-6-phosphate 
which is dosed. 

Protocol 

Place 5 ml of wine in a centrifuge tube and add 25 ml of 95% ethanol, after mixing the 
tubes are put in a 4OC refrigerator for 12 hours. The precipate formed is recuperated 
by a centrifuge, washed 2 times by 10 ml of 95% ethanol. The hydrolysis of the 
precipitate is carried out as in 4.12. 
This determination does not enable the differentiation of mannoproteins added and 
natura I m a nno protei ns. 

Additional reagent regarding the method of the Compendium of International 
Methods of Analysis of Wines and Musts 

Solution 6: phosphomannose isomerase (616 U/ml). 
the suspension is used without diluting. 

Determination 
After measuring A3 following the methods of the Compendium of Methods of Analysis 
of Wines and Musts, add 

Solution 6 
Reference Determination 
0.02 ml 0.02 mi 

Mix; carry out the determination after 30 min; monitor the end of the reaction after 2 
inin. (A4) 
Letermine the absorbances cilfferences: 
A4 - A3 corresponding to mannose for the reference and the determination 
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Subtract the aborbance difference for the reference (AAT) and for the determination 
(AAD ) and establish: AAH= BAD - AAT for mannose. 

Results 
For mannose: Cg/l = 0.423~ AAM is obtained. 
Remark: If the measurements were carried out with wave lengths 334 or 365 nm, we 
obtain : 
For a 334 nm measurement: 
For mannose: Cg/l = 0.430~ AAM 
365 nm measurement 
For mannose: Cg/l = 0.783~ AAM 
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Departmcnt: Tit le : 

DFS/R&D/Analysis Dcterniinnlion o f  :he 3c:ivity of CIarts:ar in ;.Yine. K&U 

,. __ ___ _____ I .. ___._I . . . ....-..I ~ . 

' Date of issue: Product: Product code: 

1 SAFETY AND ENVIRONMENT 

// 

Restrictions for :;oricinq *;:ith <,heii->it;i4s nnrl F<lC-I saiiIj,!-;S si-e mentioned in the work 
instructions conc;e:rr:iixj r?!anagt-nwrit. slura3e arid iise uf chemicals, the handling of dangerous 
substances and standard d z s  for b1L-I laboratories These restrictions are also applicable for 
material that has been in r;oiitact 'v*dith i'.lL-I sanir~les 

2 PRINCIPLE 

Wine can be considered as <:$ .su;,ei.s;j!i!r~it.~ri .xdutrt;n 3 ~ f  potassium bi tartrate (KtIT). 
Mannoproteins (Clarislar) i-r:.,,e tile 1 ) r o j j t : i v j  tc c!eL-ty iystallization of KHT to a large extent. 
T h e  activity of the p:oduct Cla:istar I: imzx re : ' j  ! ) y  ccmparing the time weded for 
crjstallization at -4 -C in a blank wn~; .,! i t1 tnc time c,:>::Ld !n the satm ;.,ine after addition of 
Claristar. A wine is qenerally consit!l-m;rl 2: -;'::.-;le towa-cs i;f-iT .-:~~;S?ZIIII iation if  the wine does 
riot exhibit any crystals for at least 6 days at -21 C 

3 APPARATUS AND CONDITIONS 
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PJETHOD OF ANALYSIS 
1 

, Title : Determination of the - .  

4 MATERIALS 

J.1 Chemicals 

Tap water 

Unstable white or rose wine 
1. The activity of mannoproteins should bc cietermtned in white or rosk wine obtained directly 

froin a winery. The wine should not ccn+%ii any added mannoproteins or nietatamric acid, 
CMC or other stabilizing agents. The .. - - & ?  should not be stabilized by cold stabili;.ation or 
electrodialysis or any other tech 
provided thet it is stored at or SI 
that the properties of the wine r' 
room temperature. proteins ma; 
.:torage. Thcrcforc, the activity :- r 
: 1b:fwd points in time. 
,-;ih; >;,iix uscd for this purpose 

i sarne product may differ, when measured at 

2. 
urpose if the ::\,::rx ;'.inC sPi::;>i,s crystals overnight at -4 "C (spp IS hours). 
rystals ::,fh:ri 5 t m ! r t :  i t  -1 L !: I'; nrobably too unstable. 

Keferences, stani!;irils ,m!.Lni>twls - 4 2 
One previous batch of Claristar '.vith 4jC)od ,xLi,;i?j is .slec:sd a5 a control sample 

4 3  Reaaents 

5 PROCEDURE 

- 5.1 Preparation 
The wine is centrifuaed in a 50 l7-11 c3ri.iii:;.r-rbba in .:!-,der to remove ureci;;i:ates. microbial 

One-way reaction tubes are first labz::ItA <: ;u:rc:li?G; t j  tfT5: t w t  ' , k ; c t .  :tie tubes are cleaned by 
blowing a strong nitrogen stream or I :,r ~ i - i + ' ~ ~  :!-I$> +:I!;+, .~.ii.ci'r I S  +,l-r:~i side down. In this way all 
dirt and dust is rem0 .:s d e  I ' I ; ~  with 5.00 nil of the blank 
wine. Care should be ta minate the tubes with dust and hairs. 
'lese ?articles inay -- I ,:I, and they can be mistaken for a crystal 

.A .:.t:~ck solulion of mmnopr iris is prepzrcc: ,- 7 . -centration of 10 mgiml. In the c8se of a 
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Pretreatment reference 

Pretreatment standard 

Prctreatmcn t control 

px!-gaJmc.@ s_a_n?p!o_s_ 

1. . - ; i -~ i -~~~~: , i~ .~-n~casurcrncn~ 

Pkasurernent 

Test-tubes are capped, i.iPt1 stcrf t J  in ;1 rdrip%iiur, i.i:pt ,at a constant temperature of -4 'C. The 
growth of crystals is mon,iorec! ',!sually  i cry r!ay f.j>C Ficjtm 1). Observations are written down 
in a table (see Table 1). 
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Application trials performed with Bakers Yeast Mannoprotein 
(C I a ri s t a rTM) 

Subject: 
ClaristarTM, A new ingredient for tartrate stabilisation 

a 

rb 

Source: 
Publication on ClaristarTM: Copyright: DSM Food Specialties B.V. 07/2007 

Authors: 
Delphine Bouissou, Alain Samson, Bernard Saint-Pierre; 
INRA, Unite experimentale, de Pech Rouge, 11430 Gruissan, France. 

Celine Bajard-Sparrow, Mylene Caussette, Celine Faufeau, Phil Latham, Patrice 
Pellerin, Peter Lankhorst; 
DSM Food Specialties, Parc Scientifique Agropolis 11, B i t  5, Bd de la Lironde, 34397 
Montpellier, France 

Material and Methods: 
Validation trials described in this article have been performed in collaboration with the 
"Station Experimentale d'oenologie, INRA", Pech Rouge, with wines from the 2004 and 
2005 vintages. 

Abbreviations: 
DIT: Degree de I'lnstabilite de Tartrique (Degree of Tartaric Acid Instability) 
KHT: Potassium Bi-Tartaric Acid 
lSTC 50: lndice de Stabilite Tartrique Critique 50 (Index of Critical Tartaric Stability)' 

Materials 
Wine 

Blend of Grenache blanc and Viognier 2004 with a DIT of 18 YO (Lot A) and 22.5 Yo 
(Lot B) 
Sauvignon blanc 2005 with a DIT of 22 %. 

Mannomotein 
ClaristarTM produced by DSM. This product can be used for the tartaric stabilisation of 
wine in compliance with the OIV International Oenological Codex and with European 
Council Regulation EC No 216512005 of 20-12-2005. 

Methods 
The wine was divided into two 10 L lots for the Grenache blanc / Viognier blend and 35 
hi for the Sauvignon. 

I c? first lot was an untreated control and the second was treated with ClaristarTM at the 
dcmge af  20 g/hl expressed in dry matter. All wines were previously fined with bentonite 
at 30 cj/hl and filtered on I(,l,;selguhr white earth. 

*I 

STC50 is a quick method to check the tartaric stability of dry wines correlated to the stability at -4 "C. 50 mg of KHT is 
cksolved in 100 mL of wine, thus 25 mg potassium tartrate in 50 mL of wine. The temperature is maintained at -4 "C 
,.~-,iIle st!rring. When at -4 "C the time starts and every 10 minutes the conductivity is measured The quantity of KHT 
>.,.ded may induce the crystallization and hence a drop in conductivity in case of unstable or less stable wines Drop 
r' in : '"'me instable , drop > 120 Kin. ' wine stable 

120 
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Application trials performed with Bakers Yeast Mannoprotein 
(C taris tarTM) 

Methods for wine characterisation 
The following analyses were performed on the control wine and after the addition of 
ClaristarTM. 

0 

Turbidity (measured by nephalometry) 
0 

PH 

0 

Potassium concentration (measured by photometry) 
Tartaric acid concentration (measured by HPLC Ionic Chromatography) 

Conductivity (with a reference at 20 "C) 

Vmax (Filtration flow rate at 1 Bar on a 25 mm diameter membrane and a cut off 
of 0,65 pm) 
Coating index (Filtration flow rate at 2 Bar on a 25 mm diameter membrane and a 
cut of 0,65 pm) 
Reference for Vmax and Coating index supplied be lod  
DIT: 4 g/l of standard KHT crystals were added to the wine at - 4 "C, with 
constant stirring at 500 rpm. (Model based on "contact" treatment used in 
wineries). Conductivity was monitored for 4 hours and data extrapolated until 
equilibrium. The instability was expressed as the conductivity decrease 
percentage. Most commercial wines have a DIT of 20-25 % at time of bottling. 

Methods to measure wine stabilitv 
Cold stabilisation: the wine was stored at - 4 "C. The visual appearance of the 
wine was checked daily until crystals were visible (0 no crystal, *suspicion of 
crystals, **visible crystals). A commercial wine is generally considered to be 
stable when no crystals are formed after 6 days. 
ISTC 50: 50 mg KHT was dissolved into 100 ml of wine. The wine was cooled 
down to - 4 "C with constant stirring at 500 rpm and conductivity monitored. The 
results were expressed in time (min) needed to get a conductivity decrease. The 
test is comparable to the cold stabilisation test at - 4 "C but gives a faster 
response. A commercial wine is generally considered to be stable when no 
crystals are formed after 180 min for red and rose wines or after 120 min for 
white. 

0 

Results and Discussion 
Effect on wine composition 
Alcoholic degree, pH, turbidity, conductivity, tartaric acid concentration, potassium 
concentration, Vmax, coating index and DIT were measured on three different wines 
before and after the addition of ClaristarTM. The results are presented in Tables 1 and 2. 

ClaristarTM did not affect the wine composition nor the turbidity (Table 1). 
The rddition of ClaristarTU impacted Vmax and coating index within acceptable limits for 
commercial bottling processes. 

~ 

* /max and coating index. web reference. ixtp !/ww matevl-france corn visua/mtion asc~rl~b=7&ch= i 5&Dq= 730 

2 0 0 0 0 5 8  



Application trials performed with Bakers Yeast Mannoprotein 
CI a ri s t a rTM) 

Effect on wine flavour profile 
ClaristarTM was added at a dose of 20 g/hl (d.m.) to Sauvignon and Chardonnay. Each 
wine was tasted and compared to the control. 

A triangular test (n = 42) concluded that no significant difference was detected in flavour 
profile for either wine (Risk 13 50 YO of 0.1 YO and ~ 0 . 0 1  YO). 

Effect on wine stabilitv 
Stability tests at - 4 "C and ISTC 50 were completed on both wines before (control) and 
after the addition of ClaristarTM (TO =just after wine treatment, T I2  = after 12 months 
storage at 18 "C). The analyses-after-I2 months were only performed on the Sauvignon 
2005. 

Figure I: lSTC 50 fai.perments cond:ic:ed at INRA). Time when conductwity decrease (mm) as a funcbon of wine type. 

Figure 1 shows the effect of ClaristarTM on the ISTC 50 on Viognier I Grenache and 
Sauvignon. Results are expressed in time necessary to obtain a conductivity decrease. 
A wine is generally considered to be stable when the time for detectable drop in 
conductivity is greater than 180 min. 
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Application trials performed with Bakers Yeast Mannoprotein 
(ClanstarTM) 

Figure 1 shows that all the untreated wines were unstable (25 min for the Viognier- 
Grenache and 160 min for the Sauvignon). All the wines treated with ClaristarTM were 
stable (times exceeding 180 min). 

, 
,* 

. c  

b *  

x c  

k *  

c *  

* *  

I *  

t *  

** 
**  
k.k 

fi 

k *  

* *  
h k  

Table 2 shows the effectiveness of ClaristarTM when monitored with the cold stabilisation 
test at - 4 "C. 

Table 2 shows that crystals appeared in the control wines within one or two days. 
However, when ClaristarTM had been added, the appearance of crystals was delayed to 
more than 29 days at -4 OC. Therefore, the addition of ClaristarTM improved the stability 
of these highly unstable wines. 

Effect on conductivity 
Conductivity was measured over time for the Sauvignon 2005. Results are presented in 
Figure 2. 
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Application trials performed with Bakers Yeast Mannoprotein 
IC la ri s t a rTM) 

I --t CONTROL -a- Claristar 

I 
1700 

1 , 1690 
1 1680 
~ 1670 
1 1660 

Figure 2: Conductivity as a function of time. 

Significant conductivity decrease was observed on day 3 in the untreated wine. No 
conductivity decrease was observed in the ClaristarTM treated wine after 16 days at - 4 
"C. This result is in line with the visual observations and confirms the protective effect of 
ClaristarTM . 

Stability of wine over time 
The stability of the Sauvignon was checked after 12 months storage at 18 "C. The 
results are presented in Table 3. Visual observation, conductivity measurements and 
i3TC 50 were rqxated. The results indicate that even after 12 months storage the wine 
treated wiIh C iarisiarTM remined stable (ISTC 50 > 300min and no crystals were 
chserved after 16 clays at - 4 "C). In conclzsion, ClaristarTM was highly effective in long 
km stability to KHT crystallisatioc 
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Application trials performed with Bakers Yeast Mannoprotein 

Conclusions 
These studies summarise the compounding evidence behind the new Mannoprotein 
ingredient, ClaristarTM. This specific Mannoprotein fraction proved to be very efficient at 
preventing tartrate crystallisation across all the wines tested for a period of at least 18 
months. Furthermore, ClaristarTM did not impact wine composition nor taste. 

Results to date confirm that ClaristarTM is a highly effective and easy to use solution for 
the problem of tartrate precipitation. 
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Figure I : 600 MHz 'H NMR spectrum of Bakers Yeast Mannoprotein from DSM 
Signals betwean 5.5 and 1 d pprn represent the anomeric protons of all mannosyl residues of the Mannoprotein molecules. 
Signals between 2.5 and 0.5 ppm represent the protons of the protein moieties of the Mannoprotien molecules. 
The rather complex group of signals between 4.5 and 3.5 ppm is caused by the overlapping signals of all non-anomeric protons of the mannosyl 
residues in combiriation wih ail Ha protons of the protein moieties. 



Figlire 2: Expansion of region between 5.5 and 4.8 ppm containing signals of anomeric protons 
Partial assignment according to Vinogradov et all: a: phosphorylated residues, b: branching sites (1-2) linkage attached to the (1-6) backbone, c: 
terminal residues of S I ~ G - ~ I ~ S .  

- 

1 Vinoyradov, E., Pereisen, E. and Bock, K., Carbohydrate Research 307 (1998), 177-183 
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Bakers Yeast Mannoprotein Process 
I 

Micro filtration 
(Ceramic membranes) 

Yeast Extract- 

I 
Permeate 

Ultra filtration 
Concentration 

T 

Retentate 

Water + phosphodiesterase Enzyme treatment 

I 
Retentate r Dia-filtration 

I 
Retentate 

Concentration 

I 
Filtrate 

I 

Filtration 

Filtrate 
Sodium bisulfite =, , 2,5 I (ir 20 I cans 

T: 40-80°C 

T: 50-80°C 

T: 50-80°C 

, 

T: 50-80°C 

T: 50-80°C 

T: 110-130 "C 

T: 20-40 "C 

Note: UHT = Ultra Heat Treatment 
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CERTIFICATE OF IDENTITY 

To whorn i t  may concern 

\;Ye hereby certify thdt the strains 

210Ng; 227Ng; 237Ng; 247Ng; 248Ng; 25ONg; 251Ng; 252Ng; 253Ng; 254Ng; 255Ng; 
256Ng; 257Ng provided by 

Gist Brocades 
LVateringseweg 1, 
P.0.Box 1, 
2600 M A  Delft 
The Netherlands 

has been examined by us and that they are identified as 

Saccharomyces cerevisiae s. I .  

The identification is  based on morphological characters and physiological tests which are 
recommended and widely used for yeast identification. The examinations were carried out 
by Maudy Smith (senior scientist of the CBS Department of Yeast in Delft). 

22 December 1335 
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Substantial equivalence between the Bakers Yeast Mannoprotein 

/ClaristarTM) and Mannoprotein present in other veast-derived food 

products 

Introduction : 

Several expert groups, as well as FDA and FDA scientists, have discussed the concept 

of substantial equivalence to food safety assessment (OECD, 1993 and 2003; Joint 

FAONVHO Expert Consultation on Biotechnology and Food Safety, 1996). 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 considerations other 

than those for the existing ingredient are necessary. 

Therefore, Bakers Yeast Mannoprotein (ClaristarTM) was compared with the 

Mannoprotein present in the following products already established as safe for human 

consum ption : 

0 White wine (Chablis) 
0 

0 Invertase from Saccharomyces cerevisiae 
0 

Autolyzed yeast extract food spread (Marmite) 

Yeast extract from another producer 

Bakers Yeast Mannoprotein from another producer (MannostabTM) 

In addition, the Bakers Yeast Mannoprotein was compared with the Mannoprotein from 

Saccharomyces cerevisiae described in literature. The study was limited to the 

comparison of the carbohydrate moiety (i.e. mannan) of the Mannoprotein, because it is 

generally the most abundant part of the molecule (60- >go%) and because the peptide 

moiety is difficult to detect in food matrices containing already a large quantity of 

peptides and proteins. The comparison was performed by means of NMR, because it is 

212 excellent tool for identification of the Mannoprotein and the glycosidic linkages. 

, 

Materials and methods: 

~ !sf3 .-?on of Manr:=.Drote,n 

?darrfi,[z (Unilevei- Bestfoods, UK) and Yeast extract h-om another producer: 

Yannoprotein was isolated by means of ultrafiltration on an Amicon YM-3 (MW 

cut-off 3kD) membraw. The retentate was extensively washed with tap-water. In 

a 0 0 0 0 7 1  1 



an attempt to remove other polysaccharides than Mannoprotein from the 

retentate, the isolate was incubated with amylase and glucanase, and the 

products of hydrolysis were removed by a second ultrafiltration on the same 

membrane. This treatment reduced the amylose content, but complete removal 

was not obtained. 

0 White wine: Mannoprotein was isolated by ultrafiltration of Chablis on an Amicon 

YM-I (MW cut-off 1 kD) membrane. The retentate was washed with water 

concentrated by means of the same ultrafiltration. 

Invertase from Saccharomyces cerevisiae: a sample was taken from the 

powdered product as such. 

0 Bakers Yeast Mannoprotein from another producer (MannostabTM): a sample was 

taken from the powdered product as such. 

Mannoprotein identification 

Samples were dissolved in D20 (27 “C) and placed in a 5mm tube. NMR spectra were 

recorded on a Bruker Avance 600 MHz spectrometer. 

Results: 

NMR spectra as described in literature 

Figure l a  shows the NMR spectrum in the region between 5.8 and 3.2 ppm of 

Mannoprotein from Saccharomyces cerevisiae as described by Vinogradov et al. (1998). 

The carbohydrate moiety (mannan) derived from the Mannoprotein can be found in the 

region between 5.5 and 4.8 ppm, which can be regarded as a fingerprint of the molecule. 

in this region, various regions with peaks can be found which are labeled ‘a’, ’b’ and ‘c’. 

The small peaks at 5.4 ppm, labeled ‘a’, represent phosphorylated residues. The peak at 

5.3 ppm, labeied ‘b’, represent branching sites, where mannosyl residues have a (1-2) 

linkage a*! xhed to the main (1-6) backbone. The peak slightly above 5.0 ppm, labeied 

‘c’. regresents the terminal residms of these side chains. 

0 0 0 0 7 2  
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Figure 1 a: Mannoprotein from Saccharomyces cerevisiae 
(Vinogradov et al, 1998) 

Figure 1 b: Mannoprotein present in white wine 
(GonFalves et al (2) 
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Figure 1 b shows the NMR spectrum of Mannoprotein from white wine as described by 

Gonqalves et al. The Figure offers a closer look at the region between 5.5 and 4.8 ppm, 

where the Mannoprotein can be found. Again, three regions with peaks, previously 

indicated as (a), (b) and (c) in Figure l a  and accounting for the presence of the Mannan- 

moiety of the Mannoprotein can be observed. Therefore it can be concluded that the 
Mannoprotein isolated from Saccharomyces cerevisiae is equivalent to the 

Mannoprotein isolated from White Wine. 

NMR spectra of Bakers Yeast Mannoprotein when compared to other sources 

The NMR spectrum Bakers Yeast Mannoprotein (ClaristarTM) was compared with the 

Mannoprotein from other sources in the most relevant region between 5.8 and 4.8 ppm. 

The NMR spectra in this region of the Bakers Yeast Mannoprotein, Marmite, Chablis, 

yeast extract from another producer, invertase and MannostabTM are presented in 

Figures 2a, 2b, 2c, 2d, 2e and 2f, respectively. 

As can be concluded from the NMR spectrum, the carbohydrate moiety of Bakers Yeast 

Mannoprotein contains peaks in the same region as found in literature (see Figure 1 a 
and 1 b). Moreover, the same peaks are found in the NMR spectra of the 

abovementioned 5 other sources. 

General conclusions: 

The NMR spectrum of the carbohydrate moiety of the Bakers Yeast Mannoprotein 
(ClaristarTM) shows the same peaks as also found in the case of Mannoproteins from 

various other sources. It can therefore be concluded that the Bakers Yeast 

Mannoprotein is substantial equivalent when compared to Mannoproteins present in 

other yeast-derived food products already established as safe for human consumption. 

0 0 0 0 9 4  
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Figure 2a: Bakers Yeast Mannoprotein (ClaristarTM) 

.- . . _ .  .. 
, . /  . -  

- , . - . . . . . 

Figure 2c: isolate from Chablis 

\ 

Figure 2b: Marmite 

Figure 29: yeast extract from other producer 

I 
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Results of a literature research on negative effects due to the intake of 
Mannoprotein 

To find published research studies on negative effects due to the intake of 
Mannoprotein, a number of search queries were conducted in multiple databases. 

Search strategy 

The search strategies were centered on 5 topics: 

Mannoproteins/yeast as food supplement 
0 Safety studies 

Negative effects of Mannoproteins 
Allergy/hypersensitivity to Mannoproteins. 

The use of Mannoproteinslyeast in food application 

The databases, all using STN, searched were: 
Biosis 
CAplus 
Embase 
FSTA 
Medline 
Toxcenter for toxicity data 

The keywords used were: 
Additive 
Adverse 
Ag ri cus 
Allergy 
Aversive 
Cell wall 
Characterization 
Cheese 
Cider 
Consumption 
Damage 
Detrimental 
Evaluation 
Food 
Fungus 
Fusarium 
G a! a d o  rn a n a n 
G a I a d o  man no p rote in 
5 eotrr ch u m 
F,3r”ilfuI 
;d-,zard 
: i r , 3  ~ a ~ c : i ~  
i o m o  sapiens 
4ypersensitivity 
Lentidus 
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Results of a literature research on negative effects due to the intake of 
Mannoprotein 

Lethal 
Man 
Man no p ro te in 
Miso 
Mushroom 
Noxious 
Penicillium 
Poisonous 
Protein 
Rhizopus 
Safety 
Sake 
Sensitivity 
Side effect 
Shiitake 
Supplement 
Tempeh 
Toxic 
Yeast 

Conjunctions to the above keywords, like toxic and toxicity, were also used. 

Excluded terms were the keywords Candida and Cryptococcus, since a large number of 
studies are published on these pathogenic microorganisms, which have no relevancy to 
the topic. In one search also the keywords Marneffei and Fumigatus were excluded for 
the same reason. Selenium was excluded, resulting in the reduction of 1 1  publications, 
because these articles referred to yeast-based selenium food supplements. 

Details of the searches 

STN search transcript 

STN index' 
Expand Mannoproteins 

Search 1: use of Mannoprotein in food and safety studies (2008-07-31) 

File: Toxcenter 
Search PJannoproteins OR Mannoproteines 
Exc:de Candida 
Ex::, ''2 Crjptococcus 

F j i ~ .  GAPIUS 
Z ?<, sh food AND Mannoproteins 
Search health AND Mannoproteins 0 0 0 0  
' ' V - s  initial search was used to get an impression in which database the highest number of hits 
on lllannoprotein would be found. The databases with the highest scores were searched in detail. 

2 



Results of a literature research on negative effects due to the intake of 
Mannoprotein 

Search characterization AND Mannoproteins 
Search yeast AND Mannoproteins 
Search consumption AND Mannoproteins 
Expand galactomanan 
Search galactomannoprotein 
Search supplement AND yeast AND Mannoprotein 

Files: Biosis and FSTA 
Search (Mannoprotein OR galactomannoprotein) AND yeast NOT Candida NOT 
Cryptococcus 
Search consumption OR health OR food OR supplement 
Combine two searches 
Duplicate removal 

Files: Medline and Embase 
Search supplement (2a)2 food 
Search yeast (5a) previous search 
Search mann? AND previous search 
Duplicate removal 
Search results combined with human OR homo sapiens OR man 

Files: FSTA, Embase and Biosis 
Search food additive 
Search yeast cell wall 
Com bine 
Search yeast (4a) food (2a) (additive OR supplement) 
Duplicate removal 
Combine with search evaluation 
Combine with search protein 
Combine with search NOT selenium 
Combine with yeast NOT in title 

Search 2: Mannoprotein in other sources (2008-09-76) 

Files: FSTA, CAolus, Medline 
Search Mannoproteins (L) (Penicillium OR cheese OR Agricus OR mushroom OR 
Rhizopus OR Tempeh OR Miso OR Geotrichum OR cider OR sake OR Lentidus OR 
Fusarium) 

Files: Biosis 
Search Sake AND Mannoprotein 
Search Cider AND Mannoprotein 
Search Tempeh AND Mannoprotein 
Search cheese AND Mannoprotein 
Search Shiitake AND Mannoprotein 
Search Mannoprotein AhD fungus 
Search L12 NOT (Candida OR yeast OR Cryptococcus OR Marneffei OR Fumigatus) 
Search L14 NOT Saccharomyces 0 0 0 0 8 0  
' Figures between brackets indicate the maximal words allowed between the keywords used 
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Results of a literature research on negative effects due to the intake of 
Mannoprotein 

Search L15 NOT Fumigatus 

Search 3: negative effects of Mannoproteins (2008-1 1-25) 

Files: Medline, Embase, CAplus, FSTA and Biosis 
Search Mannoprotein NOT Candida? NOT Cryptococcus 
Search toxic? OR hazard? OR detriment? OR safety OR harmful OR lethal OR noxious 
OR poisonous OR adverse OR damag? 
Searches combined with “AND” 
Duplicate removal 

Search 4: allergykensitivify to Mannoproteins (2009-01-27) 

Files: Medline, Embase, CAplus, FSTA and Biosis 
Search (Mannoprotein AND yeast) NOT Candida? NOT Cryptococcus 
Search allerg? OR sensitiv? OR hypersensitive? OR aversiv? OR (side (w) effect?) 
Searches combined with “AND” 
Du plicate removal 

Results and conclusions 

The whole search resulted in 129 hits (see Enclosure). After evaluation of these 
references, 11 potential relevant publications were studied in more detail. These 
publications are highlighted in the search. 

9 publications were used for the preparation of the dossier and have been inserted in the 
reference list of the dossier. 8 of these refer to the characterization, function and use of 
Mannoprotein in wines. One publication evaluates the safety of Saccharomyces 
cerevisiae in rats. 

One reference concerned a patent referring to the use of Mannoprotein in cosmetics. 
Mannoproteins should have a positive effect on UV-light moderating effects. No literature 
was found indicating that potential negative effects of Mannoproteins in food exist. 

Only one publication referred to allergy/sensitization in connection with Mannoprotein. 
Extracts from Pityrosporurn orbiculare, a member of the residential skin microflora, 
containing high molecular weight polysaccharides or glycoproteins, presumably 
belonging to the mannan or mannorprotein fraction, were found to have - under certain 
,z::rcurnstances - the possibility to induce allergenic reactions in patients with atopic 
dermatitis. No reference was made to any allergenic effects of these high molecular 
weight compounds after intake via food. Thus, it was concluded that in literature no 
indications have been found that Mannoprotein from Saccharomyces cerevisiae could 
‘,duce sensitization or allergenicity through intake via food. 

Enclosure: references found in the search 
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Results of a literature research on negative effects due to the intake of 
Manno protein 

Enclosure: list of references found in the literature search 
(highlighted: potential relevant publications which were studied in more detail) 

Ref ID: 800 
Journal Article (Electronic) Reference 1 of 129 

Title: 
Effects of yogurt supplemented with brewer's yeast cell wall on constipation and 
intestinal microflora in rats 

Authors: 
Nakamura,T.; Nishida,S.; Mizutani,M.; lino,H. 

Source: 
Journal of Nutritional Science and Vitaminology, 2001,47, 6, 367-372 

I 

Ref ID: 802 
Journal Article (Electronic) Reference 2 of 129 

Title: 
Preservative stability and preventive effect of brewer's yeast cell wall on constipation 
and bowel movement in experimental constipation model 

Authors: 
Nakamura,T.; Mizutani,M. 

Source : 
Japanese Pharmacology and Therapeutics, 2000,28, 8,661 -667 

... 

Ref ID: 711 
Journal Article (Electronic) Reference 3 of 129 

Title: 
Deletion of Yeast CWP Genes Enhances Cell Permeability to Genotoxic Agents 

Authors: 
Zhang,Min; Liang,Yuping; Zhang,Xiaohua; Xu,Ying; Dai,Heping; Xiao,Wei 

Source: 
Toxicological Sciences, 2008, 103, 1 ~ 68-76, CHINA 

Ref ID: 1313 
Journal Article (Electronic) Reference 4 of 129 

0 0 0 0 8 2  
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Results of a literature research on negative effects due to the intake of 
Mannoprotein 

Title: 
Deletion of yeast CWP genes enhances cell permeability to genotoxic agents. 

Authors: 
Zhang,Min; Liang,Yuping; Zhang,Xiaohua; Xu,Ying; Dai,Heping; Xiao,Wei 

Source : 
Toxicological sciences : an official journal of the Society of Toxicology, 2008, 103, 1, 68- 
76. Electronic Publication: 2008-02-16, United States 

Ref ID: 727 
Journal Article (Electronic) Reference 5 of 129 

Title: 
Salt stress induces the expression of Schizosaccharomyces pombe ochl+, which 
encodes an initiation-specific .alpha.-I ,6-mannosyltransferase for N-linked outer chain 
synthesis of cell wall mannoproteins 

Authors: 
Yamamoto,Katsuyoshi; Okamoto,Michiyo; Yoko-o,Takehiko; Jigami,Yoshifumi 

Source: 
Biosci.Biotechnol.Biochem., 2003, 67,4, 927-929, JAPAN 

.- 

Ref ID: 739 
Journal Article (Electronic) Reference 6 of 129 

Title: 
Isolation of mutants of Saccharomyces cerevisiae with a changed cell wall composition 
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Pariza&Johnson decision tree for Bakers Yeast Mannoprotein (test article) 

a 

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 of an earlier 
publication by Pariza and Foster in 1983‘. The 1991 IFBC Decision Tree was recently 
updated by Pariza and Johnson and is prblished in the April 2001 issue of Regulatory 
Toxicology and Pharmacology2. - It is specifically designed for food enzymes derived 
from microorganisms. 

Although Bakers Yeast Mannoprotein is not a food enzyme, the test article was 
evaluated according the Decision Tree published in 2001 because the Mannoprotein is 
derived from a microorganism, namely the yeast Saccharomyces cerevisiae, and is used 
in food. The scientific analysis is described below. 

1. Is the production strain genetically modified? 
YES 
The strains of Saccharomyces cerevisiae, used for the production of 
Mannoprotein, were improved by classical strains breeding methods for their 
suitability as producers of yeast extracts. 
If yes, go to 2. 

2. Is the production strain modified using rDNA techniques? 
NO 
The strains of Saccharomyces cerevisiae were obtained by using traditional 
strain breeding techniques only. 

nn 
v, ” W. If no, go to 5. 

3. Issues related to the introduced DNA are addressed in 3a-3e. 
3a. Do the expressed product(s) which are encoded by the introduced DNA have 
a history of safe use in food? 
NA 

3b. Is the NOAEL for the test article in appropriate short-term oral studies 
sufficiently high to ensure safety? 
NA 

3c. Is the test article free of transferable antibiotic resistance gene DNA? 
NA 

3d. Does (Do) the resistance gene(s) code for resistance to a drug substance 
Lsed in treatment of disease agents in man or animals? 
N A 

Ilr. 

2r. i r e  9 

cariza M.W. and Foster E.M., J. Food Protection 46 (1983). 453-468 
- ’arb.  M.W. and Johnson, E.A., Regulat. Toxicol. Pharmacol. 33 (2001), 173-186 
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5. 

4. Is the introduced DNA randomly integrated into the chromosome? 
NA 

r; If- 

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? 
NA 

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? 
YES 
The production strain belongs to the species Saccharomyces cerevisiae and has 
been selected from a commercial baker’s yeast strain with a history of safe use. 
Yeast extract from baker‘s yeast is GRAS and the yeast Saccharomyces 
cerevisiae and closely related species have the QPS (Qualified Presumption of 
Safety) status in Europe. Saccharomyces cerevisiae has never been implicated 
in the literature as having the potential to produce toxic secondary metabolites, 
including mycotoxins. 
If yes, go to 6. If nc, ac W. 

6. Is the production strain derived from a safe lineage, as previously demonstrated 
by repeated assessment via this evaluation procedure? 
YES 
The strain of Saccharomyces cerevisiae is obtained by traditional strain breeding 
techniques from previous commercial strains. Saccharomyces cerevisiae enjoys 
a long history of safe use in food for thousands of years3. FDA reviewed the 
submission from the Enzyme Technical Association (ETZ) that concluded that 
invertase from Saccharomyces cerevisiae is GRAS4. FDA has also affirmed that 
extract from bakers yeast is GRASS. - Thus, Sacchar?hyces cerevisiae has been 
established as a safe lineage. 

If yes, the test article is ACCEPTED. Iktc, Q=: G 

7. Is the organism nonpathogenic? 
NA 

8. Is the test article free of antibiotics? 
NA 

Pretorius, IS., Yeast 16 (20001, 675-729; Tucker, G.A. and Woods, L.F.J., ‘Enzymes in Food Processing’, 

See FDA letter to ETA lA~r i l  3. 2002) for GRAS. GRN No. 88. available at 
(1995, 2nd Ed.) pages 99-100, 190, 232 
4 

\ .  . 
Clt:,~:~1~~i~~.~isan.fda.40v/-rdhiopa-qi)88.html 

See 21 C.F.R. 9 184.1983 

000122 



Pariza&Johnson decision tree for Bakers Yeast Mannoprotein (test article) 

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

I .I If 

IO. Are the amounts of such toxins in the test article below levels of concern? 
NA 

1 1  , y- 

11. Is the NOAEL for the test article in appropriate oral studies sufficiently high to 
ensure safety? 
NA 

CDTCn Ifnn ,= 
I y- 

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 

Conclusion: Test Article is ACCEPTED. 

0 0 0 1 2 3  



SUBMISSION END 
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AM I 1llll11111ll1 II Ill1 
Mcmahon, Carrie 

From: 

Sent: 

To : Mcmahon, Carrie 

cc: Yingling, Gary L. 

Subject: 

Attachments: DC-#I 340901 -V I  -DSM_-_Letter_to_McMahon_re_GRAS_Notification_(439397- 

Hsieh, Grace [Grace. Hsieh@ klgates .corn] 

Monday, June 22,2009 12:18 PM 

Response to Questions regarding Mannoprotein GRAS Notification (GRN 284) 

1-06-22-2009-1 2_01_37_PM).PDF 

Dear Dr. McMahon, 

Please find attached a PDF of a letter responding to your email of June 9, 2009 regarding the Mannoprotein 
GRAS Notification (GRN 284). We will also be sending by Federal Express a hardcopy for your review. Please 
do not hesitate to contact Gary Yingling at (202) 778-9124 if you have any questions. 

<<DC-#I340901 -VI  -DSM_--Letter_to_McMahon_re_GRAS_Notification_(439397- 
1-06-22-2009-1 2_01_37_PM).PDF>> 
Kind Regards, 

Grace 

Grace Hsieh 
K&L Gates LLP 
1601 K Street, N.W. 
Washington, D.C. 20006-1600 
202.778.91 17 (direct) 
202.778.9100 (fax) 
grace. hsieh@klgates.com 
www.kIgates.com 

This electronic message contains information from the law firm of K 8 L Gates LLP. The contents may be 
privileged and confidential and are intended for the use of the intended addressee(s) only. If you are not an 
intended addressee, note that any disclosure, copying, distribution, or use of the contents of this message is 
prohibited. If you have received lnrs e-mail in error. please contact me at Grace.Hsieh@klgates.com. 

-%# , I  

6/22/2009 



K ~ L ~ G A T E S  

June 22,2009 

K&L Gates t ip  

1601 K Street NW 
Washington, DC ~aaa6-160a 

T 202.778.9000 www.klgatcs.com 

Gary L. Yingling -- ""--@&a -- 
D 202.778.9124 
F 202.778.9100 
gary. yingling@ klgates.com 

Vis E-Mail (Carrie.McMahon@ fda.hhs.gov) 
Via FedEx 

Carrie H. McMahon, Ph.D. (HFS-255) 
Consumer Safety Officer 
FDNCFSAN 
Division of Biotechnology and GRAS Notice Review 
University Station Bldg. 
4300 River Road, Room 2039 
College Park, MD 20740 

Re: GRAS Notification (GRN 000284) for the use of bakers yeast mannoprotein as a 
stabilizing agent to prevent tartaric acid precipitation in wines 

1,' 

Dear Dr. McMahon: 

This letter responds to the agency's email of June 9*, 2009 in which the agency asks some 
questions regarding the above mentioned GRAS notification. Revised pages to the original 
GRAS notification are embedded in this Word document and will be enclosed with a 
hardcopy of this letter. 

Question 1 
In Section 2.4 (Structural Formula), the text reads "The carbohydrate content of this 
Mannoprotein is at least 70 %, of which at least 60 % is composed of mannose. " However, 
the table in Section 2.5 (Quantitative Composition) indicates that the carbohydrates limit is 
equal to or greater than 60 %, of which the fraction of mannose is equal to or greater than 
70 %. Please explain. 

Answer to question 1 
The FDA correctly noticed that there is a divergence between the values mentioned in the 
text and in the table. By mistake, the values in the text have been mixed up. The text should 
therefore read: The carbohydrate content of this Mannoprotein is at least 60% of which at 
least 70% is composed of mannose. The values mentioned in the table are correct. 

Please find enclosed the corrected page 9. 

DC-1340710 v l  0 0 0 1 3 0  
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Carrie H. McMahon, Ph.D. 
FDNCFSAN 
Division of Biotechnology and GRAS Notice Review 
June 22,2009 
Page 2 

Corrected page 
9. doc 

Question 2 
In Sections 2.5 (Quantitative Composition) and 2.8 (No Potential Human Toxicants From 
Raw Materials), the text describe two forms of bakers yeast mannoprotein - a spray-dried 
powder and a colloidal solution - and indicate that the colloidal solution only is stabilized 
with sodium bisulfite. However, the text in Section 2.6 (Method of Manufacture) and the 
diagram in Annex 5 (Bakers Yeast Mannoprotein Process) do not distinguish between the 
two forms when describing the method of manufacture and the addition of sodium bisulfite. 
For clarity, please provide a revised text and diagram indicating the differences in 
manufacture o f  the two forms of bakers veast mannoprotein. 

Answer to auestion 2 
Please find enclosed the corrected page 10, as well as the corrected Annex 5. 

Corrected page Corrected Annex 
l0.doc 5.dOC 

Question 3 
In Section 2.9 (Specifications for  Food-Grade Material), you provide chemical and microbial 
purity specifi cations and values of three diferent batches of bakers yeast mannoprotein. 
FDA notes that the value for Mercury in Batch 082IA (< 0.2) exceeds your specification of 5 
0.1 5 for Mercury in food-grade material. Please explain. 
The text indicates that the table contains actual values of three diferent batches. However, 
these values are qualified with the “less than ” symbol. Please explain. 

Answer to question 3 
After re-checking the values of batch 0821A, DSM unfortunately noticed that the wrong data 
were copied from a worksheet. DSM has corrected these values now. Also, DSM has added 
the values of a fourth batch. 

Please find enclosed the corrected page 12. 



. 

’ K&L(GATES 

Carrie H. McMahon, Ph.D. 
FDNCFSAN 
Division of Biotechnology and GRAS Notice Review 
June 22,2009 
Page 3 

Corrected page 
12.doc 

As can be seen in the table, none of the values are above the limits established by the 
Organisation Internationale du Vin ( O N ) .  

DSM also removed the word “actual” in the text. The wording merely meant to indicate that 
actual specification tests were conducted. Where the “less than” symbol is used, the values in 
the table reflect the detection limit of the tests. It is quite common to use the “less than” 
symbol in cases where nothing can be measured because the actual value is lower than the 
detection limit of the test. 

In the case of the “Total heavy metals,” the situation is a little bit more complicated. There, 
the “less than” symbol does not refer to the limit of one specific test because the “limit” is the 
sum of the detection limits for the 10 relevant metals (Ag, As, Bi, Cd, Cu, Hg, Mo, Pb, Sb, 
Sn). Moreover, even though the actual values for all these metals were below their detection 
limits (i.e., “less than”), the “Total heavy metals” sum varies because the value - which is 
measured in the liquid - is corrected for the dry matter. As the dry matter varies between 18- 
22% from batch to batch, the resulting values vary correspondingly. As a result, the 
variations mentioned in the table are not due to the variations in the measurements of the 
heavy metals themselves, but to the variations of the dry matter. 

Question 4 
In Section 4.1.2.1 (Safety Studies Performed on Yeast Extract from DSM), the text does not 
indicate the number of animals included in the Acute toxicity text II. Please provide the 
number of animals. 

Answer to auestion 4 
The acute toxicity test and the sub-acute toxicity test were performed in parallel. In both 
cases, 5 female and 5 male rats were used. Please find enclosed the corrected page 19. 

Corrected page 
19.doc 

We hope this letter and the revised pages of the Mannoprotein GRAS notification are 
responsive to FDA’s questions. Please do not hesitate to contact me at (202) 778-9124 if you 
have additional questions. 

* 

0 0 0 1 3 2  



Carrie H. McMahon, Ph.D. 
FDNCFSAN 
Division of Biotechnology and GRAS Notice Review 
June 22,2009 
Page 4 

cc: DSM Food Specialties 

Enclosures 

0 0 0 1 3 3  
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Mannoprotein is found in yeasts where it forms, together with glucan, the main 

component of the cell walls (Lipke and Ovalle, 1998). Apart from the cell wall, yeast cells 

also contain some periplasmic Mannoproteins, such as invertase (Dupin et al., 2000; 

Whitehurst, 2002). 

-sa- 

## 

.. . 
.i . . . .. 

The Mannoprotein described in this notification is derived fro 

(Saccharomyces cerevisiae) . 

The carbohydrate content of this Mannoprotein is at le 

composed of mannose. The Bakers Yeast Mann 

2.5 Quantitative Composition 

Bakers Yeast Mannoprotein is 

presented in the Table belo 

The Bakers Yeast Mannoprotein can be sold as ready-to-use spray dried powder or as a 

colloidal solution. In order to preserve the colloidal solution after opening, 14 g/l sodium 

bisulfite is added. The colloidal solution contains 20% ~t 2% dry matter. 

Provided no other nitrogen sources are present, the maximal protein content is N x 6,25 

0 0 0 1 3 4  
9 
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2.6 Method of Manufacture 

Bakers yeast (Saccharomyces cerevisiae) naturally contains Mannoprotein. Apart from 

being used in bread, beer and wine, bakers yeast is used to produ 

ingredients, including yeast extract. Bakers yeast extract will cont 

the Mannoprotein, and can therefore be used as a starting m. 

Mannoprotein. 

yeast extract products can be used. 

described below is 

the yeast extract. The ai 

Weight proteineous ma sequent ultrafiltration step. 

uently subjected to ultrafiltration (UF) in order to 

Mannoproteins (> 20 kDa). The UF-concentrate 

osphodiesterase from Leptographium procerum in 

RNA. This is followed by a diafiltration step in order to 

olecules such as salts, amino acids, nucleotides and 

concentrate the 

diluted solution is again concentrated by UF to obtain a 

ing UF-concentrate of 20% +/- 2% dry matter. In order to inactivate 

residual enzyme activity, the UF-concentrate is subjected to UHT treatment (1 30-1 50 "C) 

and subsequently cooled down to 20-40 "C. The UHT-treated concentrate is then polish 

filtered in order to remove insoluble proteineous material that was formed during the 

UHT treatment. 

After filtration, the clear solution is either 1) spray dried, packed as powder and stored at 

4°C; or 2) stabilized with 14 g/l sodium bisulfite to prevent microbial growth after opening 

of the package (i.e., the product remains a colloidal solution). The stabilized 

Mannoprotein colloidal solution is packed in 2.5 or 20 liter cans and stored at 4 "C. 



Bakers Yeast Mannoprotein Process 

Micro filtration 
(Ceramic membranes) 40-80"c ~ ~ ~ ~ ~ ~ ~ , ~ ~ , ,  

r i  v@g@ij, 
'V?. 
'$4 ~. .' . 

Ultra filtration 
Concentration 

Water + phosphodiesterasc Enzyme treatment 
I I 

T: 50-80°C 1 Ultra filtration 
Concentration 

T: 20-40 "C 

... . 

Filtrate 

I I 
Final packaging liquid 

Storage at 4°C 

Final packaging powder 
boxes , Storage at 4°C 

I I I I 



h-.' consequence, the maximal amount of sodium bisulfite added to the wine will be 28 mg/ll 

resulting in 14 mg/l sulfur dioxide. This maximal amount can be considered negligible] 

especially when compared to the amounts that are maximally alloyt#&%%wine. rill . I: I .<: I According 

to the EU Miscellaneous Additive Directive (European Parliament and CQ'unci( Directive 

95/2/EC1 1995), a sulfur dioxide content below 10 mg/kg or 10 mg/k is not considered to 
,M*<<&p>* ++w ~8,. 

be present. 

2.9 Specifications for Food-Gr 

The Bakers Yeast Mannoprotein describe 

with the purity specifications laid down by 

anufactured to comply 

tionale du Vin (OW) in 

Resolution OENO 26/2004, see Ann i 

cc 
.. . . 

The chemical and microbial 

different batches are summ 

fTe values measured in four 

Yeasts CFU/g 

Coliforms CFU/g 

Escherichia coli CFU/25g 

Staphylococcus aureus CFU/g 

Salmonella CFU/25g 

Lactic bacteria CFU/g 

Batch Batch Batch Batch 

. .~l..~ 0750A 0808A 0821 A 0824A 
..I :ad 

P:~**~># .. . 

5 5  <1 <I <I <I  
I I I I 

50.15 co.1 eo. 1 eo. 1 co.1 
5 1  <o. 1 <o. 1 co.1 <o. 1 

50.5 ~0.05 ~ 0 . 0 5  ~ 0 . 0 5  ~ 0 . 0 5  

< i o 4  I <5 I <5 I <5 I <5 I 
550  < I  0 < I  0 <1 0 <I 0 

5 100 <I 0 < I  0 <I  0 <I  0 

5 10 <1 0 <I 0 <I  0 <I  0 

Absent Absent Absent Absent Absent 

Absent I Absent I Absent I Absent 1 Absent 
I I I I 

Absent Absent Absent Absent Absent 

5 io4  < I  0 < I  0 <I  0 <1 0 

0 0 0 1 3 7  
12 
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Acute toxicitv 11 

MaxaromeB (batch 5002), GistexB (batch 44-3) and M 

5002 with NaCl added to the same level as in GistexB) 

acute toxicity in 5 male and 5 female Wistar rats. 

the test substance dissolved in distillated w 

weight. The test substance was administer 

intraperitoneal and intravenous route. After 

observed during 5 days. 

Results 

pp& ,&# .  I 9  " I .  

The LD50 for the oral and intra 

test substances. The LD5 

MaxaromeB and Ghex . . :.f. and 1410 m~%$~$%Aaxarorne@ with added salt. 
=. *#!"I 
..I ~' '*A' 

ived by gavage MaxaromeB (batch 

:MaxaromeB (batch 5002 with NaCl added to 

) for 10 days at a dose of 2000 mg/kg. The 

I . .  .. ~.. 
I!,;'& . a * ,  1 
Sib'. ., 

All a&mals bahaved normally and none of the animals died. Body weight gain :.a*,, 
n..:< 

5" 

fe among the groups. Significant differences in organ weight 
".,l <..& I Y I  #'#,," 

r, kidneys) were not observed. Macroscopy did not reveal any ' ~ ~ ~ ~ ~ "  
' -.A . '. 1__' i. . 

I -related effects. 

Subacute toxicitv 11 

Male and female Wistar rats were dosed MaxaromeB paste by gavage at a 

level of 50, 175 and 650 mg/kg body weight. MaxaromeB paste was 

dissolved in physiological salt solution. The first control group received 15.2 

mg NaCVkg body weight, the same salt level as MaxaromeB paste, and the 

second control group received physiological salt solution. Dosing was at 10 

mI/kg body weight. All groups consisted of 5 males and 5 females, except the 

0 0 0 1 3 8  
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