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Application for the Approval of Chinova’s Fibre Extracted 
from White Button Mushrooms (Agaricus bisporus) Under 
the Australia New Zealand Food Standards Code – 
Standard 1.3.1 –  Food Additives 

INTRODUCTION 

Chinova Bioworks Inc. (hereinafter “Chinova”) proposes to introduce fibre extracted from white button 
mushrooms (Agaricus bisporus) for use as a preservative in food and beverage products in Australia and 
New Zealand. The ingredient is a mixture of chitosan and beta-1,3-D-glucans. Chitosan is the main 
component, representing approximately 95% of the total volume and is a soluble polymer derived from 
the cell walls of non-genetically modified A. bisporus (white button mushroom) biomass. Chinova’s fibre 
extracted from white button mushrooms (A. bisporus) is not currently included in the Australia New 
Zealand Food Standards Code (“the Code”). 

This application has been prepared to gain authorisation of Chinova’s fibre extracted from white button 
mushrooms (Agaricus bisporus) as a food additive in Australia and New Zealand. This food additive is 
intended for use as a preservative in food and beverage products at the minimum levels required to 
achieve the desired technical effect in accordance with current Good Manufacturing Practice (cGMP), 
with maximum levels ranging from 0.01 to 0.150 g/100 g (equivalent to 100 to 1,500 ppm).  

Therefore, this dossier was prepared in accordance with the relevant sections of the following 
Guidelines, as presented in the Food Standards Australia New Zealand (FSANZ) Application Handbook: 

• Guideline 3.1.1 – General Requirements (all sections) 
• Guideline 3.3.1 – Food Additives (all sections) 
• Guideline 3.3.2 – Processing Aids (parts of Section C and all of Section D) 

A. GENERAL REQUIREMENTS 

In accordance with Guideline 3.1.1 – General Requirements, of the Food Standards Australia New 
Zealand Application Handbook (FSANZ, 2019a), the following general information has been provided: 

1. Form of the application 
2. Applicant details 
3. Purpose of the application 
4. Justification for the application 
5. Information to support the application 
6. Assessment procedure 
7. Confidential commercial information 
8. Other confidential information 
9. Exclusive capturable commercial benefit 
10. International and other national standards 
11. Statutory declaration 
12. Checklist 

Each point is addressed in the following subsections. 
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A.1 Form of the Application 

A.1.1 Information Related to Changes to Standard 1.3.1 – Food Additives 

This application for an amendment to Standard 1.3.1 and related Schedules is prepared pursuant to 
Guideline 3.3.1 – Food Additives, of the FSANZ Application Handbook (FSANZ, 2019a), which requires 
the following structured format to assess an application for a new food additive: 

A. General information on the application 
B. Technical information on the food additive 
C. Information on the safety of the food additive 
D. Information on dietary exposure to the food additive 

The application is presented in this format. At the start of each section (A to D), the information that 
must be addressed therein is specified in more detail. Additionally, an executive summary for the 
application has been provided as a separate electronic document to this application. The application has 
been prepared in English and submitted electronically, as required within the FSANZ Application 
Handbook (FSANZ, 2019a). 

A.2 Applicant Details [CONFIDENTIAL] 

Contact Information 

 
 

Attention of: 

 
  

Tel:  
Email:  

Nature of Applicant’s Business 

Chinova Bioworks Inc. is a Canadian manufacturer of the ingredient of Chinova’s fibre extracted from 
white button mushrooms (Agaricus bisporus) for use as a preservative. The company was founded in 
2016. 
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Details of Other Parties Involved with the Application 

The following parties are involved in the preparation, submission, and stewardship of this application: 

 
 

 
 

  

Tel:  
Email:  

A.3 Purpose of the Application 

This application is being submitted to Food Standards Australia New Zealand (FSANZ) to seek approval 
for the use of Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) as a food 
additive with the technical purpose of for use as a preservative. Chinova’s fibre extracted from white 
button mushrooms (A. bisporus) is a mixture of chitosan and beta-1,3-D-glucans and is sold under the 
trade name Chiber™. Chitosan is the main component, representing approximately 95% of the total 
volume; chitosan is a soluble polymer derived from the cell walls of a non-genetically modified white 
button mushroom (A. bisporus) biomass. 

Chitosan, the main component of Chinova’s fibre extracted from white button mushrooms (A. bisporus), 
is not currently listed in Schedule 15 – Substances that may be used as food additives or Schedule 16 – 
Types of substances that may be used as food additives of the Code. Chinova’s fibre extracted from 
white button mushrooms (A. bisporus) is proposed for use in Australia and New Zealand at levels 
consistent with cGMP. This food additive is intended for use as a preservative in food and beverage 
products at the minimum levels required to achieve the desired technical effect in accordance with 
cGMP, with maximum levels ranging from 0.01 to 0.150 g/100 g (equivalent to 100 to 1,500 ppm). The 
proposed food uses of Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) are 
similar to those that have been recently approved in Canada and are Generally Recognized as Safe 
(GRAS) in the United States (U.S.), as well as those currently under evaluation by the relevant authorities 
in the European Union (EU) and the United Kingdom (UK). As such, the purpose of this application is to 
amend Schedule 16 – Types of substances that may be used as food additives, “Additives permitted at 
GMP” (S16—2) to include Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) 
(FSANZ, 2019b). 

Additionally, in accordance with Standard 1.1.1—15(2), food additives must comply with any relevant 
specifications set out in Schedule 3 – Identity and purity, which can include those published in primary 
sources (such as Food Chemicals Codex [FCC] monographs) (S3—2), those published in secondary 
sources (S3—3), or specific provisions listed in the table to subsection (2) of (S3—2) (FSANZ, 2023a,b). 
Chinova has established product specifications for the fibre extracted from white button mushrooms 
(A. bisporus) consistent with the FCC monograph for chitosan derived from crustacean sources.  
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A.4 Justification of the Application 

A.4.1 Need for the Proposed Change 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is proposed for use as a 
preservative. While other preservatives are already available for use in Australia and New Zealand, this 
ingredient will provide a sustainable option that is derived from a natural and non-genetically modified 
organism for consumers who are seeking such an option. 

A.4.2 Costs and Benefits Associated with Use of the Food Additive 

Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) is proposed for use in 
various food and beverage products for its antimicrobial properties at levels in accordance with current 
Good Manufacturing Practice. Thus, Chinova’s fibre extracted from white button mushrooms 
(A. bisporus) is intended for use as a preservative agent in the food and beverage products to which it is 
added. The availability of this food additive will benefit the food industry in Australia and New Zealand 
and globally, via an expanded catalogue of permissible food additives. Chinova’s fibre extracted from 
white button mushrooms (Agaricus bisporus) is suitably effective as a preservative agent, while being 
derived from a sustainable source that is a common food and non-genetically modified. This option may 
be more desirable to some consumers. 

It is noted that this application for the use of Chinova’s fibre extracted from white button mushrooms 
(Agaricus bisporus) in Australia and New Zealand is part of a global regulatory strategy; a recent 
approval was issued in Canada (30 May 2024; Reference Number: M-FAA-24-051) and a “no questions” 
letter was issued by the FDA following notification of GRAS status (28 February 2022; GRN 997). 
Equivalent parallel submissions have been submitted and are currently under review by the EU 
(EFSA-Q-2023-00904) and the UK (reference: 8881-2987-6506-2235). Inclusion of Chinova’s fibre 
extracted from white button mushrooms (Agaricus bisporus) as a permissible food additive in the Code 
will promote consistency between Australia and New Zealand food standards and those that have been 
established internationally. 

Therefore, there are no additional costs (to consumers, industry, or government) or consumer health 
benefits expected to result from a decision to include provisions in the Code to permit the use of 
Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) as a food additive in 
Australia and New Zealand. 

 
1 Chitosan from white button mushrooms (Agaricus bisporus) https://www.canada.ca/en/health-canada/services/food-
nutrition/public-involvement-partnerships/modification-list-permitted-preservatives-enable-use-chitosan.html (Health Canada, 
2024). 
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A.5 Information to Support the Application 

Detailed technical information and data regarding Chinova’s fibre extracted from white button 
mushrooms (Agaricus bisporus) are provided to enable the objectives specified in Section 18 of the Food 
Standards Australia New Zealand Act 19912 (“the FSANZ Act”) to be appropriately addressed (FSANZ, 
2018). 

To meet these objectives, technical information on the food additive has been provided in Section B of 
this application and detailed information related to the safety of the food additive has been presented 
in Section C. Moreover, exposure estimates for Chinova’s fibre extracted from white button mushrooms 
(Agaricus bisporus) have been recently conducted for evaluation by other regulatory authorities, based 
on the same proposed food uses presented herein. Details of the proposed uses in Australia and New 
Zealand, along with the details of these exposure estimates, are summarised in Section D. 

This dossier was therefore prepared in accordance with the relevant sections of the following 
Guidelines, as presented in the FSANZ Application Handbook (FSANZ, 2019a): 

• Guideline 3.1.1 – General Requirements (all sections) 
• Guideline 3.3.1 – Food Additives (all sections) 
• Guideline 3.3.2 – Processing Aids (parts of Section C and all of Sections D and E) 

A.6 Assessment Procedure 

The applicant considers that the most appropriate assessment procedure for the application herein is 
related to Standard 1.3.1 – Food Additives in the Code, which requires a substance to be included in 
Schedule 15 before it can be used as an ingredient in foods (FSANZ, 2019c). Chinova’s fibre extracted 
from white button mushrooms (A. bisporus) is comprised of 95% chitosan, and crustacean-derived 
chitosan has a long history of safe use in the global food supply (see Section C). The specifications for 
Chinova’s fibre extracted from white button mushrooms (A. bisporus) are consistent with the FCC 
monograph for chitosan obtained from crustacean sources. Thus, it is expected that no changes to 
Schedule 3 of the FSANZ Act will be required due to the existence of established specifications in 
primary sources for chitosan. Moreover, an extensive safety database already exists for chitosan, and 
the ingredient has already been reviewed by international regulatory bodies (Health Canada and the 
U.S. FDA) at use levels that align with those discussed herein. As such, the requested modifications to 
the Code are expected to fall under the General Procedure (Subdivision D of the FSANZ Act), with an 
approximate Cost Category Level of 2. 

 
2 http://www8.austlii.edu.au/cgi-bin/viewdoc/au/legis/cth/consol act/fsanza1991336/s18.html. 
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A.10.2 Codex Alimentarius Commission 

The FCC includes a monograph for chitosan derived from crustaceans, with functions listed as an 
antimicrobial, stabilizer, and acidity regulator (FCC, 2018). 

A.10.3 The United States 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is GRAS in the U.S. for use in a 
variety of foods and beverages similar to those described herein. This GRAS status was notified to the 
U.S. Food and Drug Administration (FDA) as “Chitosan and beta-1,3-glucans from white button 
mushrooms (Agaricus bisporus)” (GRAS Notice [GRN] 997) and on 28 February 2022 the U.S. FDA issued 
a “no questions” letter in response to this Notice (U.S. FDA, 2022).  

Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) previously received GRAS 
status by the Flavor and Extract Manufacturers Association of the United States (FEMA) for use as an 
ingredient with flavour-modifying properties (FEMA No. 4946). It should be noted that the intended use 
levels of Chinova’s fibre extracted from white button mushrooms (A. bisporus) as a food additive in 
Australia and New Zealand (150 to 1,500 mg/kg) are lower than the FEMA GRAS–approved use levels 
(1,500 to 2,000 ppm).  

A.10.4 Canada 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is approved for use as a food 
additive in Canada for use as a preservative agent in a variety of foods and beverages similar to those 
described herein. This ingredient was added to Health Canada’s List of Permitted Preservatives as an 
antibacterial (Class 2) and antifungal (Class 3) preservative, listed as “Chitosan from Agaricus bisporus 
(average molecular weight 90 to 120 kDa and degree of deacetylation not less than 80%),” on 30 May 
2024 (reference: M-FAA-24-05; Health Canada, 2024). 

It also is noted that chitosan obtained from crustacean sources are used in licensed natural health 
products (NHPs), and a monograph for the use of crustacean-derived chitosan in NHPs indicates dose 
levels of 0.5 to 3 g of chitosan, 2 times/day, for a total of 6 g/day (Health Canada, 2018). 
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A.10.5 The European Union/United Kingdom 

The use of Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) as a food 
additive in a variety of food and beverages is currently under review by the EU and the UK and is not yet 
approved. However, in the EU, chitosan extract from fungi (Agaricus bisporus; Aspergillus niger) are 
authorised for use in food supplements as defined in Directive 2002/46/EC3 on the approximation of the 
laws of the Member States relating to food supplements at levels “in line with normal use in food 
supplements of chitosan from crustacean sources.”4 Chitosan from crustacean sources (as polyacetyl-
glycosamine) is defined as not novel in food supplements within the EU Novel Food Catalogue, with no 
maximum levels listed (European Commission, 2023). As well, chitosan derived from A. niger is 
authorised for use in the EU as a processing aid: clarifying agent in several wine products and as a 
processing aid for the correction of defects in the above product categories and also in new wine still in 
fermentation as defined in Regulation (EU) 2019/934.5  

A.10.6 Japan and Korea 

Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) is currently 
approved/permitted for use as a natural food additive for general food use in Japan and Korea 
(JFCRF, 2020; MFDS, 2020) 

A.11 Statutory Declaration 

A signed Statutory Declaration for Australia is provided in Appendix B. 

A.12 Checklist 

A completed checklist relating to the information required for submission with this application is 
provided in Appendix C.  

 
3 Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of the 
Member States relating to food supplements. OJ L 183, 12.7.2002, p. 51–57. Available online: https://eur-
lex.europa.eu/eli/dir/2002/46/oj (current consolidated version: 06/02/2024). 
4 Commission Implementing Regulation (EU) 2017/2470 of 20 December 2017 establishing the Union list of novel foods in 
accordance with Regulation (EU) 2015/2283 of the European Parliament and of the Council on novel foods. OJ L 351, 
30.12.2017, p. 72–201. Available online: https://eur-lex.europa.eu/eli/reg impl/2017/2470/oj (current consolidated version: 
27/06/2024). 
5 Commission Delegated Regulation (EU) 2019/934 of 12 March 2019 supplementing Regulation (EU) No 1308/2013 of the 
European Parliament and of the Council as regards wine-growing areas where the alcoholic strength may be increased, 
authorised oenological practices and restrictions applicable to the production and conservation of grapevine products, the 
minimum percentage of alcohol for by-products and their disposal, and publication of OIV files. OJ L 149, 7.6.2019, p. 1–52. 
Available online: https://eur-lex.europa.eu/eli/reg del/2019/934/oj (current consolidated version: 08/02/2022). 
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B. TECHNICAL INFORMATION ON THE FOOD ADDITIVE 

In accordance with Guideline 3.3.1 – Food Additives of the FSANZ Application Handbook (FSANZ, 2019a) 
the following technical information must be provided: 

1. Nature and technological purpose of the food additive 
2. Information to enable identification of the additive 
3. Information on the chemical and physical properties of the additive 
4. Information on the impurity profile 
5. Manufacturing process 
6. Specifications for identity and purity 
7. Information for food labelling 
8. Analytical method for detection 
9. Potential additional purposes of the food additive when added to food 

Each point is addressed in the following subsections. 

B.1 Nature and Technological Purpose of the Food Additive 

Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) is intended for use as a 
preservative (antimicrobial preservative) as defined in Schedule 14 – Technological purposes performed 
by substances used as food additives, “Technical purposes” (S14—2) (FSANZ, 2023c). As a food additive, 
it is intended to achieve this technological purpose at use levels that are in accordance with cGMP in the 
food and beverage products to which it is added.  

The antimicrobial properties of chitosan have been researched for several decades, and it has been 
reported to have bactericidal and/or bacteriostatic effects against a range of microbes, including yeast, 
bacteria, and fungi (Raafat et al., 2008; Goy et al., 2009). The mechanism of action by which chitosan 
exerts these properties has not yet been fully elucidated and likely varies between different microbes. 
The predominant theory on the mechanism of action against bacteria is via ionic interactions between 
the charged groups in the chitosan polymer backbone (protonated NH3+ groups) and negatively charged 
bacterial wall constituents (Goy et al., 2016). These interactions lead to hydrolysis effects on the 
peptidoglycans in the cell wall, resulting in the leakage of intracellular electrolytes and ultimately cell 
death. Other proposed mechanisms of action include coating the bacterial cells (film-forming) or 
interference with nutrient absorption/mineral displacement. Li et al. (2016) reported that the 
bactericidal properties of chitosan were increased against Escherichia coli and Staphylococcus aureus as 
the degree of deacetylation (DDA) increased. This finding was also reported by Omura et al. (2003), who 
found that samples with higher DDA (DDA = >70%) had higher bactericidal properties against 
Bacillus subtilis, S. aureus, E. coli, and Pseudomonas aeruginosa versus lower DDA samples 
(DDA = <70%). This is congruent with the efficacy of Chinova’s fibre extracted from white button 
mushrooms (Agaricus bisporus as an antimicrobial agent given its high DDA, which is typically >90% 
(see Section B.6). At concentrations of 200 ppm and above, crustacean chitosan with molecular weights 
(MWs) of 55 to 155 kDa (DDA = ~80%) were generally equally effective against E. coli (Liu et al., 2006). 
At concentrations of 50 to 100 ppm, higher MW samples (96 to 155 kDa) had poorer antibacterial 
properties compared to lower MW samples (55 to 90 kDa) (Liu et al., 2006).  

The technological function of Chinova’s fibre extracted from white button mushrooms 
(Agaricus bisporus) (MW = 10 to 400 kDa) as an antimicrobial ingredient was evaluated in various 
beverage products, including carbonated soda, apple juice, and liquid-sugar syrup (see Table B.1.1.1-1), 
baked goods (see Table B.1.1.2-1), and dairy-based yoghurt and cream cheese (see Table B.1.1.3-1) and 
are discussed in the following sections.  
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Chinova’s fibre extracted from white button mushrooms (A. bisporus) is a mixture of chitosan and 
beta-glucan fibres extracted from the mushrooms. The chitosan and beta-glucan fibres will naturally 
slowly degrade into shorter fibre lengths over time and eventually down to their individual monomers. 
Chitosan is known to naturally degrade into its glucosamine and N-acetyl-glucosamine monomers 
(Muzzarelli, 1997). beta-Glucan is known to naturally degrade into glucose monomers over time 
(GRN 397 – U.S. FDA, 2011). Chinova has tested the antimicrobial effect of fibre extracted from white 
button mushrooms (A. bisporus) in a wide variety of foods and beverages (see Section B.1.1) that have a 
wide range of pHs, have been exposed to high shear in the processing steps, and have been exposed to 
both high and low temperatures. The antimicrobial effect of Chinova’s fibre extracted from white button 
mushrooms (A. bisporus) is primarily, but not solely, and depending on the type of food or beverage 
product, intended to be relevant only from the period the food or beverage is produced to the point the 
packaging is opened by the consumer. As such, the ingredient does not need to remain active beyond a 
relatively short time period. While chitosan and beta-glucan fibres are known to be stable and not prone 
to rapid degradation, their ability to remain stable in various food and beverage products is unknown. It 
is noted that the beta-glycosidic bonds of chitosan are resistant to the hydrochloric acid of the human 
stomach, which indicates the ingredient’s tolerance to highly acidic, low-pH environments (U.S. FDA, 
2011). Other publications have indicated that chitosan is heat-tolerant and can withstand temperatures 
up to 200 to 220°C before mild degradation occurs (Grząbka-Zasadzińska et al., 2017). Chinova has 
evidence that the antimicrobial effect of fibre extracted from white button mushrooms (A. bisporus) is 
unaffected by commercial pasteurisation processes used by beverage producers when tested in a study 
comparing a pasteurised beverage to a control that was not pasteurised or heat-treated in any way. 
Chinova also has determined that high shear mixing does not impact the antimicrobial effect of the 
ingredient. Given this, along with the published literature, the stability of Chinova’s fibre extracted from 
white button mushrooms (A. bisporus) has been demonstrated to be suitable to have the intended 
effect in various food and beverages. 

B.2 Information to Enable Identification of the Food Additive 

Information to enable the identification of Chinova’s fibre extracted from white button mushrooms 
(A. bisporus), including the identity, chemical composition, chemical structure, the chemical name, the 
molecular weight and formula, and the common name, is presented below. 

B.2.1 Identity of Substance 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is a mixture of chitosan and 
beta-1,3-D-glucans and is sold under the trade name Chiber™. Chitosan is the main component, 
representing approximately 95% of the total volume; chitosan is a soluble polymer derived from the cell 
walls of a non-genetically modified white button mushroom (A. bisporus) biomass with a MW of 10 to 
400 kDa.6 Chitosan [(1,4)-2-amino-2-desoxy-beta-D-glucan; poly-β-(1,4)-2-amino-2-deoxy-D-glucose; 
Chemical Abstracts Service (CAS) number 9012-76-4] is a linear polycationic polysaccharide composed of 
D-glucosamine and N-acetyl-D-glucosamine monomers linked together with a 1,4-β-linkage. Chitosan is 
a derivative of chitin, a naturally occurring carbohydrate polymer that is widely distributed in nature 
(e.g., in crustacean shells and fungal cell walls), where more than 60% of the acetyl groups are removed 
(i.e., >60% deacetylation). The chemical structure of Chinova’s fibre extracted from white button 
mushrooms (A. bisporus) is shown in Figure B.2.1-1.  

 
6 Chitosan in this MW range is considered low-MW chitosan. 



Chinova Bioworks Inc. 
05 September 2024 39 

beta-1,3-D-Glucans are a major constituent of the cell walls of fungi; they are also present as structural 
components of many edible vegetables (Ko and Lin, 2004). beta-1,3-D-Glucans are composed of linear 
polysaccharide chains of varying MW averages and can be linear (e.g., vegetable and A. niger sources) or 
branched (e.g., Baker’s yeast) or both (e.g., mushrooms). Chinova’s mushroom-derived fibre may 
contain up to 5% beta-1,3-D-glucans. 

Figure B.2.1-1 Chemical Structure of Fibre Extracted from White Button Mushrooms 
(Agaricus bisporus) 

 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is specified to contain an average 
MW of 10 to 400 kDa, with a degree of acetylation (DDA) greater than 80%. Analysis of 3 production 
batches of the ingredient demonstrates the average MW to be approximately 100 kDa and the DDA to 
be 90 to 94% (see Section B.6.2). Chinova has established product specifications for the fibre extracted 
from white button mushrooms (A. bisporus) consistent with the FCC monograph for chitosan derived 
from crustacean sources (see Section B.6.1). As discussed in Section B.2.2 below, Chinova’s fibre 
extracted from white button mushrooms (A. bisporus) is compositionally equivalent to crustacean-
derived chitosan as confirmed by Fourier-transform infrared spectroscopy (FTIR) and proton nuclear 
magnetic resonance (1H-NMR) spectroscopy.  

B.2.2 Chemical Composition and Identity 

B.2.2.1 Compositional Equivalent of Chinova’s Fibre Extracted from White Button Mushrooms 
(Agaricus bisporus) to Crustacean-derived Chitosan 

A compositional analysis of Chinova’s fibre extracted from white button mushrooms (A. bisporus) was 
conducted to demonstrate that the mushroom-derived chitosan is equivalent to crustacean-derived 
chitosan, as well as to a chitosan reference standard described in the United States Pharmacopoeia 
(USP) monograph of chitosan.7 The method of identification for chitosan, as referenced in the 
USP monograph, is infrared absorption (Method 197A – Spectrophotometric identification tests). The 
results of the infrared spectroscopy analysis are described in Section B.2.2.2, below. In addition, 
chitosan derived from A. bisporus, crustacean-derived chitosan, and USP monograph–reference chitosan 
were analysed by 1H-NMR spectroscopy (see Section B.2.2.3). The results of the infrared and 1H-NMR 
spectroscopy demonstrate that chitosan derived from A. bisporus is compositionally identical to 
chitosan derived from crustacean sources. 

 
7 “Chitosan in an unbranched binary polysaccharide consisting of N-acetyl-D-glucosamine and D-glucosamine units linked in a 
β(1-4) manner. Chitosan is obtained by partial deacetylation of chitin, which is extracted from the shells of edible shrimps and 
crabs suitable for human use. Its degree of deacetylation is NLT [not less than] 70.0% and NMT [not more than] 95%” (USP, 2020). 
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B.2.2.2 Infrared Spectroscopy Analysis 

FTIR is the most commonly used method for the identification of chitosan (Kumirska et al., 2010). 
Samples prepared for chitosan from A. bisporus, crustacean-derived chitosan, and USP 
monograph–reference chitosan were analysed by FTIR. The FTIR spectra demonstrates that Chinova’s 
fibre derived from white button mushrooms (A. bisporus) is chemically identical to crustacean-derived 
chitosan products, including the USP monograph–reference chitosan (see Figure B.2.2.2-1). The peak 
shown in each spectrum at an approximate wavelength of 2,300 cm-1 is associated with carbon dioxide 
from the environment and is not associated with the chitosan sample.  

Figure B.2.2.2-1 Fourier-Transform Infrared Spectra for Chitosan from Agaricus bisporus and 
Crustacean Sources 

USP – Crustacean Chitosan 

 

Commercial – Crustacean Chitosan 
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Chinova’s Product – White Button Mushroom (A. bisporus) Fibre 

 

USP = United States Pharmacopeia. 

B.2.2.3 Nuclear Magnetic Resonance Spectroscopy 

Samples of Chinova’s fibre from white button mushrooms (A. bisporus), crustacean-derived chitosan, 
and USP monograph–reference chitosan were analysed by 1H-NMR spectroscopy to provide information 
regarding the DDA of the compound and the compositional equivalency. The spectra shown in 
Figure B.2.2.3-1 demonstrates that chitosan derived from white button mushrooms (A. bisporus) is 
compositionally equivalent to crustacean-derived chitosan products, including the USP 
monograph–reference chitosan. 
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Figure B.2.2.3-1 Nuclear Magnetic Resonance Spectra for Chitosan from Agaricus bisporus and 
Crustacean Sources 
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B.3 Information on the Chemical and Physical Properties of the Food 
Additive 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is a white to beige powder. As 
discussed in Section B.2.1, is a mixture of chitosan and beta-1,3-D-glucans, with chitosan being the main 
component, representing approximately 95% of the total volume. The solubility is 100% (w/w) when 
tested in a solution of 1% acetic acid solution (the ingredient is not soluble in water). 

B.4 Information on the Impurity Profile of the Food Additive 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is compositionally equivalent to 
crustacean-derived chitosan. Potential contaminants (heavy metals or microbials) were either not 
detected or were well below specification limits (see Section B.6.2). Since Chinova’s fibre from white 
button mushrooms (A. bisporus) is intended as a preservative, risk of microbial contamination is low. 

B.5 Manufacturing Process of the Food Additive 

B.5.1 Raw Materials 

All processing aids and materials used in the manufacture of the ingredient are of high quality and are 
acceptable for use in food production. All processing aids and raw materials conform to FCC (2023) 
quality standards, where available. A detailed description of the raw materials is included in Appendix A 
(CCI). Certificates of Analysis for the raw materials are provided in Appendix D. 

B.5.2 Production Method 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is manufactured in accordance 
with cGMP with a Hazard Analysis and Critical Control Points (HACCP) plan in place. The manufacturing 
process includes controls to ensure the quality of the final product prior to its release.  

The ingredient is produced by extraction of chitosan from white button mushrooms (A. bisporus) using a 
deacetylation process. Purification processes results in the final ingredient. A detailed description of the 
production process is included in Appendix A (CCI). 

B.6 Specification for Identity and Purity of the Food Additive 

B.6.1 Proposed Specifications for the Food Additive 

Food-grade chemical and microbiological specifications have been established for Chinova’s fibre 
extracted from white button mushrooms (A. bisporus) that are generally consistent with the FCC 
monograph for chitosan obtained from crustacean sources (Table B.6.1-1). All methods of analysis are 
internationally recognised (e.g., International Organization for Standardization [ISO]) or equivalent, or 
have been developed internally and validated by Chinova (internal methods of analysis are provided in 
Appendix E). 
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B.8 Analytical Method for Detection 

Detecting Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) (chitosan and 
beta-glucan fibres) in food products is very difficult. The issue lies in the separation of chitosan from the 
rest of the ingredients in the matrix. Chitosan is soluble in food products until approximately pH 6.5, at 
which point it will precipitate out, forming an insoluble precipitate. Several colourimetric assays, using 
ninhydrin, O-phthalaldehyde, or Cibacron Brilliant Red 3B-A, have been used to quantify chitosan. 
However, the response during these reactions depends strictly upon the DDA of chitosan and cannot be 
used when chitosan is mixed with other proteins in a food and/or beverage system, which limits the 
application of these colourimetric assays (Yan and Evenocheck, 2012). 

To characterise and quantify chitosan on its own, various other direct analytical methods can be 
employed, including capillary electrophoresis, size exclusion chromatography, high-performance liquid 
chromatography, and FTIR. Most of these quantification methods entail a total hydrolysis of chitosan 
into glucosamine (GlcN) followed by the subsequent characterisation of the monomer. Acid hydrolysis 
with hydrochloric acid is the most widely used because of its effectiveness in both the hydrolysis of the 
glycosidic linkage (depolymerisation) and the N-acetyl linkage (deacetylation) of chitosan. However, the 
recovery rate of GlcN can vary significantly from 1 analytical method to another, which can lead to high 
variability and improper quantification of chitosan (El-Saharty and Bary, 2002). Moreover, these 
analytical methods are not specific enough for routine analysis of chitosan in complex matrices such as 
foods and beverages. Chitosan readily interacts with various ingredients (carbohydrates, proteins, 
polyphenols, etc.) present in a food or beverage matrix to form complexes, which, from a technical 
perspective, makes isolating and separating chitosan extremely challenging (Li et al., 2013). This leads to 
interference from other compounds during quantification and makes it nearly impossible to quantify 
chitosan or GlcN in complex food or beverage matrices. 

B.9 Potential Additional Purposes of the Food Additive When Added to Food 

Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) is intended for use as food 
additive in a range of food and beverage products to perform its technological purpose as a 
preservative. No additional purposes are expected related to the use of this food additive at the 
proposed use levels described in Section D. 
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C. INFORMATION RELATED TO THE SAFETY OF THE FOOD 
ADDITIVE 

In accordance with Guideline 3.3.1 – Food Additives of the FSANZ Application Handbook (FSANZ, 2019a), 
the following safety information must be provided for new food additives: 

1. Information on the toxicokinetics and metabolism of the food additive and, if necessary, its 
degradation products and/or major metabolites; 

2. Information on the toxicity of the food additive and, if necessary, its degradation products and 
major metabolites; and 

3. Safety assessment reports prepared by international agencies or other national government 
agencies, if available. 

Each point is addressed in the section that follows. 

C.1 Introduction 

Chitosan derived from crustaceans has a long history of safe use in the food supply. Chinova’s fibre 
extracted from white button mushrooms (Agaricus bisporus) has been demonstrated to be 
compositionally similar to chitosan derived from shellfish (see Section B.2.2.1 for further details). 
Chinova’s fibre derived from white button mushrooms (A. bisporus) is manufactured to an average MW 
of 10 to 400 kDa and a degree of deacetylation (DDA) greater than 80%. Chitosan oligosaccharides are a 
mixture containing glucosamine, dimers, trimers, tetramers, pentamers, and hexamers, and typically 
have an average MW less than 1 kDa and a DDA of 100% and are not considered to be chemically 
representative of Chinova’s fibre extracted from white button mushrooms (A. bisporus). Absorption and 
distribution resulting in systemic exposure to chitosan following consumption from the diet is influenced 
by the MW of the compound (Chae et al., 2005). Chitosan was not detected in the plasma of rats 
administered chitosan with a MW of 230 kDa, suggesting low bioavailability following exposure to 
high-molecular-weight chitosan (HMWC), while increased plasma chitosan concentrations were 
reported after administration of 3.8 to 22 kDa chitosan. As MW is expected to impact the bioavailability 
of the material, studies on chitosan oligosaccharides are not considered to be of toxicological relevance 
in the safety assessment of Chinova’s fibre extracted from white button mushrooms (A. bisporus), as 
these compounds would be readily available and absorbed into the systemic circulation. Nevertheless, 
studies on chitosan oligosaccharides were included in the sections that follow for the sake of 
completeness. 

The safety of various chitosan preparations, derived from crustacean or fungal sources or chitosan 
oligosaccharides, was investigated in a number of animal, human, and in vitro studies and discussed in 
previous U.S. GRAS Notices (e.g., GRN 73 – U.S. FDA, 2002; GRN 170 – U.S. FDA, 2005; GRN 397 – 
U.S. FDA, 2011; GRN 443 – U.S. FDA, 2013a), which are publicly available. Published studies on the 
metabolic fate of chitosan and toxicological studies on chitosan derived from crustacean sources were 
included in GRN 397 (U.S. FDA, 2011) and are discussed herein to support the safety of Chinova’s fibre 
derived from white button mushrooms (A. bisporus). An updated search of the scientific literature was 
conducted to identify studies related to chitosan that have been published since 2011.  
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According to GRN 170, U.S. FDA (2005) stated, “Chitosan was non-toxic to humans and other test 
animals, but questioned whether or not chitosan would interfere with fat-soluble vitamin and mineral 
status in humans, when the substance was consumed on a chronic basis as part of a general diet” 
(GRN 170 – U.S. FDA, 2005). These concerns were raised based on the results of a publication 
(Deuchi et al., 1995) in which rats consuming a high-fat diet containing 5% chitosan (source and MW not 
reported; DDA = 90%) experienced significant reductions in fat digestibility, and as a result, reduced 
levels of vitamins A, D, and E, and certain minerals (calcium, magnesium, iron) (GRN 170 – U.S. FDA, 
2005). The National Toxicology Program (NTP) conducted a long-term toxicity study of USP-grade 
crustacean-derived chitosan in rats, and in 2017, published the entirety of the study report (NTP, 2017). 
In this study, the chitosan test article had an average purity of 94%, an average MW of 81.6 kDa, a DDA 
of 86.5%, and was mixed in with rat feed with 4% fat content. The NTP study reported statistically 
significant changes in fat-soluble vitamins and reductions in liver and thymus weights in animals 
consuming 3 or 9% chitosan, equivalent to approximately 1,500 or 1,800 mg/kg body weight/day for 
males and females, respectively, or 5,200 or 6,000 mg/kg body weight/day for males and females, 
respectively, for 6 months. These findings are discussed in further detail in Section C.2.2.3 Based on the 
reported effects of chitosan on serum vitamin E levels, the authors concluded the “lowest-observed-
effect level for chitosan exposure was 1% (approximately equivalent to 450 mg/kg) in male and 9% 
(approximately equivalent to 6,000 mg/kg) in female rats.” The crustacean-derived chitosan used in the 
NTP study is chemically and compositionally similar to Chinova’s fibre derived from white button 
mushrooms (A. bisporus) and was considered to be pivotal in the safety assessment of Chinova’s fibre 
extracted from white button mushrooms (A. bisporus). Similar nutritional findings were not reported in 
human clinical studies at doses up to 6.75 g/day; therefore, the changes in fat-soluble vitamins were not 
considered to be toxicologically significant at clinically relevant doses. 

It is noted that this data package was submitted, by Chinova, to the Food Directorate of Health Canada 
and Chinova’s fibre extracted from white button mushrooms (Agaricus bisporus) was recently (i.e., 
2024) approval for use as a preservative in a variety of foods and beverages in Canada (Health Canada, 
2023). 

C.2 Safety Data of the Food Additive 

C.2.1 Metabolic Fate of the Food Additive 

Chitosan is a soluble biopolymer derived from the deacetylation of chitin, a naturally occurring 
carbohydrate polymer that is widely distributed in nature (e.g., in crustacean shells and fungal cell 
walls). As discussed in Section B.2, Chinova’s fibre derived from white button mushrooms (A. bisporus) is 
compositionally similar to chitosan derived from crustacean sources, and therefore, it is expected that 
Chinova’s fibre derived from white button mushrooms (A. bisporus) will follow the same metabolic fate 
as other crustacean-derived chitosan. 
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The metabolic fate of chitosan was previously discussed in Section C of GRN 397 (U.S. FDA, 2011). 
Chitosan is not subject to digestion via human digestive enzymes; absorption and systemic exposure to 
intact chitosan molecules consumed in the diet will not occur. Following consumption in the diet, 
chitosan is expected to dissolve in water and travel intact throughout the upper gastrointestinal tract to 
the colon, where the material is subject to fermentation by the microbiota in the large intestine 
(Lattimer and Haub, 2010). Enzymatic digestion of chitosan is dependent on the DDA of chitosan (Yang 
et al., 2007). The rate of degradation increased with the DDA of chitosan; chitosan with a DDA of 7.7% 
had a reported degradable percentage of 2.9%, while chitosan with a DDA of 82.5% had a degradable 
percentage of 60.2% (Yang et al., 2007). Chitosan with a DDA of 93.4% was completely degradable. 
Similar to other dietary fibres, microbial fermentation of chitosan yields normal metabolites of 
fermentation, including short-chain fatty acids, as well as hydrogen, carbon dioxide, and methane gases. 
Although enzymatic degradation of chitosan during digestion is not likely, possible hydrolysis products 
generated during gastric transit would consist of compounds such as chitosan oligomers, glucosamine, 
N-acetylglucosamine, and glucose, all of which are known to be non-toxic even when consumed at 
high-dietary concentrations in animals and humans (Lee et al., 2004; Anderson et al., 2005; Takahashi 
et al., 2009).  

Considering that Chinova’s fibre derived from white button mushrooms (A. bisporus) has an average 
MW of 60 ± 5 kDa and DDA greater than 90%, the ingredient is not expected to be absorbed following 
consumption in the diet and would not be enzymatically digested. Thus, systemic exposure to Chinova’s 
fibre derived from white button mushrooms (A. bisporus) is not expected to occur, and the ingredient 
will pass intact through the gastrointestinal tract. 

C.2.2 Toxicological Studies 

C.2.2.1 Acute Toxicity 

The acute oral toxicity of chitosan from fungal sources (i.e., A. bisporus) or a chitosan oligosaccharide 
preparation was discussed in GRN 397 (U.S. FDA, 2011). The median lethal dose (LD50) for white button 
mushroom–derived (A. bisporus) chitosan was reported to be >2,000 mg/kg body weight in female 
Sprague-Dawley rats, while maximum acute tolerated oral dose of a chitosan oligosaccharide 
preparation (MW = 1.86 kDa) was reported to be greater than 10,000 mg/kg in Kunming mice. Two 
acute oral toxicity studies on lobster-derived chitosan and chitosan oligosaccharides were identified in 
the scientific literature since GRN 397. These studies are described briefly herein.  

Female Wistar rats (n=6/group) were administered lobster-derived chitosan (MW = 309 kDa; DDA = 
83%) via gavage at doses of 0 or 2,000 mg/kg body weight (Lagarto et al., 2015). Mortality, clinical signs, 
body weight, and organ abnormalities were monitored; however, no signs of toxicity or mortality were 
observed. The authors concluded that the acute LD50 was >2,000 mg/kg (Lagarto et al., 2015). The 
lobster-derived chitosan test article used in the study by Lagarto et al. (2015) had a reported MW of 
309 kDa and a DDA of 83% and is considered to be compositionally similar to Chinova’s fibre derived 
from white button mushrooms (A. bisporus). The results of the study by Lagarto et al. (2015) suggest 
that Chinova’s chitosan is of low acute toxicity. 
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In another acute toxicity study, chitosan oligosaccharides (90% purity; not further specified) were orally 
administered at doses of 0, 1,150, 1,400, 1,700, and 1,900 mg/kg body weight to Wistar female rats 
(n=5/group) (Eisa et al., 2018). The acute oral LD50 of 1,500 mg/kg body weight in female rats was 
determined by plotting lethality results against a linear regression line and probit analysis. Reduced 
locomotion was reported in all treated animals. These results are inconsistent with the results reported 
in Sprague-Dawley and Wistar rats administered acute doses of chitosan derived from crustaceans, 
wherein signs of toxicity were not reported in the animals at the highest dose of chitosan tested (i.e., 
2,000 mg/kg body weight/day). The reason for this difference is unclear; however, it could relate to the 
specific nature of the chitosan test article, which was not characterised by Eisa et al. (2018) and 
therefore, its compositional equivalence to Chinova’s fibre extracted from white button mushrooms (A. 
bisporus) is unknown. As well, in repeated-dose oral studies evaluating the safety of chitosan at doses of 
2,000 mg/kg body weight/day or higher (see Section C.2.2.2), chitosan did not elicit increased mortality. 
Therefore, the results of the study reported by Eisa et al. (2018) are not considered relevant to the 
safety assessment of Chinova’s mushroom-derived fibre. 

C.2.2.2 Subchronic Toxicity 

C.2.2.2.1 Studies on Chitosan 

The repeated-dose oral toxicity of chitosan derived from crustacean sources was investigated in mice, 
rats, and guinea pigs. The test articles investigated in these studies were reported as 
low-molecular-weight chitosan (LMWC) or HMWC, chitin-chitosan (containing 80% chitosan), or water-
soluble chitosan.  
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A number of studies reported statistically significant changes in liver weight and liver enzymes 
(e.g., aspartate transaminase, alkaline phosphatase, alanine aminotransferase [ALT]) that suggest 
hepatic effects in mice, rats, and guinea pigs. In a subchronic oral toxicity study in female Kunming mice, 
dietary administration of HMWC and water-soluble chitosan preparations of varying MWs and solubility 
(MW = 32.7 to 760 kDa; DDA = ~85%) for 90 days was without significant adverse effects in any study 
parameter, and in particular liver and kidney weights and histopathology (Zeng et al., 2008). The authors 
noted that consumption of medium-molecular-weight chitosan (MW = 32.7 kDa; DDA = 85.2%) resulted 
in increased concentrations of minerals in the liver, spleen, and heart. These findings were attributed to 
the accumulation of HMWC in these organs and corresponding chelation of endogenous minerals (Zeng 
et al., 2008). No significant changes in liver weight were reported in male Wistar rats consuming 
chitosan (MW = 250 kDa; DDA = 94%) in the diet at levels of 5%, equivalent to 5,000 mg/kg 
body weight/day, for 21 days (Fukada et al., 1991) or in male and female Wistar rats administered 
chitosan derived from lobster chitin (MW = 309 kDa; DDA = 83%) by gavage at doses up to 1,000 mg/kg 
body weight/day for 28 days (Lagarto et al., 2015). In the study by Lagarto et al. (2015), no signs of 
toxicity, mortality, or statistically significant changes in biochemistry parameters were reported 
following chitosan treatment. A statistically significant increase in erythrocyte count was reported in 
females in the 300 and 1,000 mg/kg body weight/day groups and in males in the 1,000 mg/kg 
body weight/day group compared to controls. No statistically significant variations in relative organ 
weight (as a percentage of total body weight) were reported in chitosan-dosed animals compared to 
controls. No treatment-related increase in organ lesions were reported based on histopathology 
examination (Lagarto et al., 2015). Lagarto et al. (2015) reported the short-term no-observed-adverse-
effect level (NOAEL) to be 1,000 mg/kg body weight/day, the highest dose tested, for “effects other than 
transient variation in erythrocyte count for chitosan under the conditions of this investigation.” The 
increase in erythrocyte count was considered to be unreliable due to the short duration of this study 
(i.e., 28 days) and on the basis that no corroborative findings were reported in the long-term study in 
Sprague-Dawley rats by NTP (2017) (see Section C.2.2.3 for further details). Conversely, Chiang et al. 
(2000) and Chiu et al. (2020) reported significant decreases in liver weight following consumption of 
chitosan (MW = 80 to 740 kDa; DDA = 84 to 91%) in the diet at concentrations up to 5%, equivalent to 
5,000 mg/kg body weight/day, for up to 8 weeks. The decrease in liver weight reported by Chiang et al. 
(2000) was associated with a decrease in liver total lipids, resulting in a decrease in liver fat 
accumulation. 

Several other studies reported statistically significant changes in liver weights and liver enzyme activities 
following chitosan exposure; however, these studies did not report the source of chitosan, purity, 
average MW, or DDA (Landes and Bough, 1976; Sugano et al., 1988; Han et al., 1999; Kimura et al., 
2004; Sumiyoshi and Kimura, 2006; Moon et al., 2007; Neyrinck et al., 2009; Yao et al., 2010; Omara 
et al., 2012; Do et al., 2018; Ali et al., 2019; Chiu et al., 2020). Thus, it was difficult to evaluate their 
compositional similarity to Chinova’s fibre derived from white button mushrooms (A. bisporus) and 
assess the suitability of these studies in the safety evaluation of Chinova’s fibre derived from white 
button mushrooms (A. bisporus). Furthermore, the majority of these studies were designed to evaluate 
an efficacious effect of chitosan (e.g., amelioration of consumption of a high-fat diet or non-alcoholic 
fatty liver disease, measurement of lipid profiles, serum antioxidant concentration, and biomarkers of 
lipid peroxidation and inflammation) and were not specifically designed to evaluate the toxicity of 
chitosan; the identified studies reporting a liver-related finding were not conducted according to an 
internationally recognised test protocol (e.g., Organisation for Economic Co-operation and Development 
[OECD] Test Guideline 408 – Repeated dose 90-day oral toxicity study in rodents). Nevertheless, the 
findings suggest that chitosan may impact liver function and elicit hepatomodulator effects. In the 
6-month study by NTP (2017), the absolute and relative liver weights of Sprague-Dawley rats were 
significantly decreased following consumption of 9% chitosan in the diet, and there was a significant 
reduction in relative liver weight in animals consuming 3% chitosan in the diet (NTP, 2017). The 
decrease in liver weights was accompanied by decreases in liver fat accumulation and increases in ALT. 
The fatty change was characterised by hepatocytes with clear vacuoles within the periportal region and 
was considered to be a biological adaptive response to fat-soluble vitamin and mineral depletion and 
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may not be a toxicological effect (NTP, 2017). Diets containing 3 and 9% chitosan provided a daily dose 
of approximately 450 and 6,000 mg/kg body weight, respectively. The available data suggest a possible 
liver effect of chitosan exposure at doses of 450 mg/kg body weight/day, which is approximately 21-fold 
higher than the highest intake of Chinova’s fibre from white button mushrooms (A. bisporus), based on 
its proposed food uses (i.e., 1.2 g/person/day or 21 mg/kg body weight/day; see Section D.1). No 
decreases in serum fat-soluble vitamins (vitamin A, D, E), alpha-carotene, or beta-carotene were 
reported in mildly hypercholesterolemic male and female subjects consuming 6.75 g/day of chitosan for 
8 weeks (Tapola et al., 2008) or changes in clinically relevant serum parameters (see Section C.2.3 for 
further details); therefore, a similar hepatotoxic effect is not expected in humans. 

In a 35-day oral toxicity study, Omara et al. (2012) administered chitosan (test material not further 
characterised) via gavage at doses of 0 (distilled water), 150, or 300 mg/kg body weight/day to Swiss 
albino mice (n=7/sex/group). A consistent, dose-dependent increase in hypercellularity and 
degenerated glomeruli and tubules in the kidney of both sexes at 150 and 300 mg/kg body weight/day 
was reported. In addition, severe degeneration and hypercellularity of glomeruli and tubules in kidneys 
of females compared to males were reported in the high-dose group. Serum creatinine and urea were 
significantly increased in a dose-dependent manner in males and females. Quantitative analysis 
demonstrated a statistically significant, dose-dependent decrease in glycogen and total protein content 
(mean percent of grey area) in renal tubules and glomeruli of the kidneys versus controls, and this 
decrease was statistically significantly greater in females compared to males in the low- and 
high-chitosan groups. Similar histopathological findings were not reported in NTP (2017), and with the 
exception of a statistically significant increase in absolute right kidney weight in males of the high-dose 
group (9%; 450 mg/kg body weight/day), no adverse renal effects were reported. The authors reported 
increases in urinary creatinine concentration that corresponded with decreases in urine volume, 
indicating “proper kidney function” (NTP, 2017). Furthermore, it should be noted that the study by 
Omara et al. (2012) was not conducted in accordance with Good Laboratory Practice (GLP) or 
internationally accepted standards for toxicity testing of chemicals and the test article was not 
adequately described by the authors (i.e., MW, DDA, purity). As such, its relevance to Chinova’s fibre 
derived from white button mushrooms (A. bisporus) could not be determined.  

The repeated-dose oral toxicity studies on various chitosan preparations are summarised in 
Table C.2.2.2.1-1. 
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C.2.2.2.2 Studies on Chitosan Oligomers/Oligosaccharides 

Several repeated-dose studies were identified on chitosan oligomers/oligosaccharides (see 
Table C.2.2.2.2-1). Consistent with the studies on chitosan, studies on chitosan 
oligomers/oligosaccharides also reported statistically significant changes in liver weights and liver 
enzyme activities (Kim et al., 2001; Qin et al., 2006; Sumiyoshi and Kimura, 2006; Yao et al., 2012; 
Teodoro et al., 2016; Lan et al., 2019; Qian et al., 2019; Chiu et al., 2020; Kamal et al., 2023a). As 
previously discussed, chitosan oligosaccharides typically have an average molecular weight of less than 1 
kDa and a DDA of 100% and are not chemically representative of Chinova’s fibre extracted from white 
button mushrooms (Agaricus bisporus). These compounds are readily bioavailable and would be 
absorbed into the systemic circulation, which would not occur with Chinova’s fibre.  
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C.2.2.3 Chronic Toxicity and Carcinogenicity 

The NTP conducted a 6-month feeding study to investigate the safety of chitosan9 in Sprague-Dawley 
rats (NTP, 2017). Male and female Sprague-Dawley rats (n=10 animals/sex/group/dose10) were fed 
ad libitum feed containing 0, 1, 3, or 9% chitosan (approximately 0, 450, 1,500, or 5,200 mg/kg 
body weight/day in males and 0, 650, 1,800, or 6,000 mg/kg body weight/day in females). The test 
material had an average purity of 94% and was mixed with a rat feed with 4% fat content.11 The test 
material had an average percent deacetylation of 86.5% and an average MW of 81.6 kDa (ranging from 
62,755 to 87,343 Da; considered LMWC). The study was conducted according to U.S. FDA GLP.  

The following endpoints were measured over the course of the study: feed consumption (recorded 
weekly); body weights; serum vitamin A, D, E, and K1, levels (at Weeks 7, 13, 19, and 26); hepatic 
vitamin E and K levels (at Week 26); bone histomorphometry; bone calcium; ash and moisture; clinical 
chemistry (Week 7 and/or Weeks 13, 19, and 25 with a single measurement for alanine 
aminotransferase (ALT) and sorbitol dehydrogenase taken at Week 25); haematology (at Week 25); 
along with a sperm morphology and vaginal cytology examination; urinalysis (at all 4 time points); feed 
and faecal analysis; and gross histopathology of major organs (liver, pancreas, stomach, forestomach, 
heart, blood vessel, adrenal cortex, parathyroid, pituitary, and thyroid glands, prostate, testes, preputial, 
mammary, and clitoral glands, brain, lymph node, spleen, thymus, skin, skeletal muscle, lung, nose, eye, 
Harderian gland, kidney, and urinary bladder).  

Three male rats (1 in the control group and 2 in the 9% group) and 2 female rats (1 in the 1% group and 
1 in the 3% group) died before the end of the study (cause of death was indeterminant). The 
body weights of the animals remained comparable across all dosed groups at the end of the study 
compared to controls, and there were no clinical signs reported in the 9% group compared to the 
controls. Statistically significant decreases of toxicity were sporadically reported. Statistically 
significantly decreased serum levels of cholesterol (26 to 48%) were reported for triglyceride serum 
levels in the 9% group male (47 to 57%) and female (30%) rats. Serum phosphorus levels were 
significantly decreased in the 9% group male rats (12 to 18%) and in the 3% group males (14%). 
Similarly, phosphorus levels were significantly decreased in the 3% and 9% group females (9 to 20%). 
ALT was slightly but statistically significantly elevated at Week 25 in the 9% group male rats (104%) and 
in the 3% and 9% group female rats (28% and 88%, respectively). However, sorbitol dehydrogenase 
(another marker of hepatocellular injury) was not significantly increased relative to the controls, and 
hepatocellular changes associated with increases in ALT were not reported microscopically. The authors 
reported that the toxicologic significance of the ALT increases was uncertain. A slight, but statistically 
significant increase in urea nitrogen was reported in the 9% group males (23%) and females (15%) at 
Week 25 (only time point measured).  

Mild but statistically significant increases (4 to 6%) in automated haematocrit, haemoglobin 
concentration, mean cell volume, and mean cell haemoglobin were reported in the 9% group males 
compared to controls. These changes were considered by investigators to be due to biological variability 
and were likely not toxicologically relevant (NTP, 2017). All other differences from control values in 
haematology data were mild or sporadic and not considered toxicologically significant. 

 
9 The chitosan test article was analytically demonstrated to be absent of organochlorine and organophosphorus pesticides, 
nitrosamines, aflatoxins. 
10 Animals were split into 3 groups (A, B, and C) and different parameters were measured in each group 
(n=10 animals/sex/group/dose level): Group A (feed consumption, body weight, clinical findings, gross lesions/histopathology, 
bone analysis, and sperm morphology and vaginal cytology examinations), Group B (vitamin A, E, D and bone analysis) and C 
(fat digestion, haematology, clinical chemistry, urinalysis, and faecal analysis). 
11 It was noted in the study report that the rat feed AIN-93M was used instead of the typical feed (NTP-2000), as the latter feed 
typically has double the amount of fat soluble vitamins and double the fat content compared to AIN-93M. 
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Statistically significant, dose-dependent decreases (15 to 29%) were reported in serum vitamin A 
concentrations starting at Week 13 in males of the 3% and 9% groups. Females were less affected, with 
significant decreases (18 to 21%) observed in the 9% group. Significant, concentration-dependent 
decreases (17 to 82%) were also reported in serum vitamin E concentrations in male rats at all doses and 
all time points. Females were less affected, with significant decreases (~60%) in serum vitamin E levels 
reported in the 9% group only at all time points. Hepatic vitamin E concentrations of exposed rats were 
significantly lower than those in control rats, which were significantly reduced (48 to 87%) in the 3% 
group males and the 9% group.  

Serum concentrations of vitamin D were statistically significantly increased in the 9% group males 
(105 to 142%) and females (100 to 180%) at Weeks 7, 19, and 26 compared to the control groups. 
Calcium absorption was significantly increased (55 to 154%) in the 9% group females at Weeks 19 and 
25. However, serum levels of calcium were mildly but statistically decreased (4%) in the 9% group males 
at Weeks 19 and 25. Total osteocalcin and parathyroid hormone levels were occasionally elevated 
(38% and 56 to 96%, respectively) in the 9% group throughout the study. Bone moisture was 
significantly increased by 7% in the 9% group females compared to controls. Results for vitamin K were 
not presented, as many samples were below the level of detection. 

At the completion of the study, urine volume was significantly decreased in males (all doses) and 
females of the 9% group. Increases in urine creatinine concentration paralleled the decreases in urine 
volume, suggestive of proper kidney function. 

No changes in testis or epididymis weights or sperm parameters were reported. The absolute and 
relative liver and thymus weights were significantly lower than controls in the 9% group animals (both 
sexes) and 3% dosed males (thymus only). The relative liver weights of the 3% group males were also 
significantly lower than controls.  

Exposure to chitosan was reported to elicit various digestive effects, including decreases in percent fat 
digested and increases in faecal weight and moisture. Compared to the control groups, percent fat 
digested was statistically significantly decreased from 8 to 33% in all treated animals. A statistically 
significant decrease in the incidence of hepatic periportal fatty change in females of the 9% group was 
reported compared to the control group, while non-significant reductions in number of incidences were 
also seen in the 1% and 3% group females. Fatty change was characterised by hepatocytes with large, 
well-defined, clear vacuoles (lipid) within the cell, displacing the nuclei and cytoplasm to the cell 
periphery. Faecal weight was significantly increased up to 170% in the 3% and 9% group and up to 29% 
in the 1% group females. Faecal moisture was statistically significantly increased in both males and 
females in the 9% group compared to controls. 
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Based on a review of the data, the only statistically significant effects reported in the 1% chitosan dosed 
animals at the completion of the study were decreased serum vitamin E levels at Week 13 (males only); 
decreased urine volume at Weeks 13, 19, and 25 (males only); decreased fat digested at Weeks 24 to 25 
(males and females); decreased deoxypyridinoline/creatinine levels at Weeks 13 and 19 (females only); 
and increased faecal weight at Weeks 12 to 13, 18 to 19, and 24 to 25 (females only). None of the other 
parameters evaluated at the 1% dose level reached statistical significance. These effects were likely a 
consequence of increased intakes of a fibre-like substance, impacting fat and water 
absorption/digestion, and not a direct toxic effect of chitosan. As well, these effects were not 
consistently reported in both sexes, with the exception of decreased vitamin E levels and fat digestion. 
These findings were considered indirect consequences of the recognised fat binding properties of 
chitosan,12 resulting in excretion of dietary fat and reduced absorption of fat-soluble vitamins, and as 
such were not direct toxic effects of chitosan on organ systems. It was noted that the study was 
conducted using AIN-93M diet instead of the NTP-2000 diet because of the high levels of fat-soluble 
vitamins and higher total fat content found in the NTP-2000 diet. The NTP-2000 feed contains almost 
twice the amount of required fat-soluble vitamins and has a higher fat content (7 to 8%) than the 
AIN-93M feed (4%); therefore, the study would have been particularly sensitive to effects on fat-soluble 
vitamin absorption (NTP, 2017). The effects on fat-soluble vitamins were considered relevant to the 
safety of Chinova’s fibre derived from white button mushrooms (A. bisporus). However, the sensitive 
nature of the study design and the differences in the dietary requirements and in the metabolism of fats 
between rodents and humans suggest that small changes in the absorption of nutrients reported in the 
study may not necessarily be of nutritional significance to humans consuming Chinova’s chitosan. The 
generalised effects of resistant dietary fibres on nutrient absorption have been long known, are well 
characterised, and are not considered of nutritional relevance at levels that are commonly consumed in 
the diet (Dahl and Stewart, 2015). Similar effects on fat-soluble vitamins were not reported in mildly 
hypercholesterolemic male and female subjects consuming 6.75 g/day of chitosan for 8 weeks 
(Tapola et al., 2008) or in overweight subjects consuming beta-chitosan (MW = not reported; 
DDA = 75.5%) or “rapidly-soluble chitosan” (MW = >100 kDa; DDA = >78%) at doses of 3 g/day for up to 
24 weeks (Schiller et al., 2001; Mhurchu et al., 2004).  

The authors of NTP study concluded that dietary exposure to chitosan for 6 months resulted In 
decreased fat digestion and depletion of some fat-soluble vitamins in male and female rats. Based on 
the above results, “The lowest observed effect level (LOEL) for chitosan exposure was 1% (approximately 
equivalent to 450 mg/kg) in male and 9% (approximately equivalent to 6,000 mg/kg) in female rats” 
(NTP, 2017). On a body weight basis, the 1% dose is equivalent to a human consuming approximately 
31.5 g of chitosan per day (for a 70-kg individual). 

Chronic toxicity studies on chitosan are summarised in Table C.2.2.3-1 below. 

 

 
12 Chitosan is marketed as a dietary supplement for weight loss, and the USP monograph for chitosan includes fat binding 
capacity as a qualitative specification parameter for the ingredient. 
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C.2.2.4 Reproductive and Developmental Toxicity 

Three studies evaluating the developmental and reproductive effects of water-soluble chitosan and 
chitosan oligosaccharides were identified in the scientific literature and previously discussed in GRN 397 
(Choi et al., 2002; Yoon et al., 2005; Qin et al., 2006). These studies are briefly discussed below. B6C3F1 
female mice (n=15/group) induced to ovulate were orally administered water-soluble chitosan 
(MW = approximately 300 kDa; DDA = >90%), at daily doses of 480 mg/kg body weight/day for 4 days 
(Choi et al., 2002). Chitosan treatment did not have any effects on the oocyte and fertilisation rates in 
animals fed a standard control diet. In contrast, chitosan treatment increased the number of ovulated 
oocytes and normal oocytes, as well as the in vivo and in vitro fertilisation rates, compared to controls in 
animals fed a high-fat diet. The authors suggested that chitosan “might improve the functions of the 
ovary and the oviduct in obese mice.” In a study by Yoon et al. (2005), 4 generations of ICR mice ingested 
approximately 10 mg/kg body weight/day of chitosan oligosaccharide via drinking water for up to 
180 days. Though developmental and reproductive toxicity endpoints were not specifically examined in 
the study, no adverse effects were reported in any of the generations. Male and female ICR mice of the 
parental generation were provided with drinking water containing 0.1% chitosan oligosaccharide 
(equivalent to approximately 1 mg chitosan oligosaccharide/kg body weight/day) for 30 days. It was not 
indicated whether a control group was included in the parental generation. Subsequent generations 
(referred to as F1, F2, and F3 generations) were provided drinking water containing 0, 0.01, 0.1, or 1% 
chitosan oligosaccharide (equivalent to approximately 0, 0.1, 1, or 10 mg chitosan oligosaccharide/kg 
body weight/day) for up to 180 days. Timing and conditions of mating and euthanising animals were not 
specified (age of parental generation at mating was not specified, although animals were purchased at 
8 to 10 weeks of age). Following the experimental periods, bone marrow was taken from the femur of 
each mouse and used to assess the formation of chromosomal aberrations. The authors reported no 
significant differences in chromosomal aberrations between any of the treated groups compared to the 
control group. Other adverse effects or safety parameters were not assessed. Chitosan oligomers did 
not induce morphologic sperm abnormalities in male mice following oral gavage daily for 5 days with up 
to 5,000 mg/kg (Qin et al., 2006). 

Subsequent to GRN 397, a developmental toxicity study on chitosan oligosaccharides was identified in 
the scientific literature (Eisa et al., 2018). In this study, chitosan oligosaccharides (90% purity, 
agricultural grade, not further specified) were administered by gavage to groups of 3 pregnant female 
Wistar rats at doses of 0 (distilled water), 50, or 150 mg/kg body weight/day from Gestation Day (GD) 6 
to 15. Body weights, placenta and uterus weights, number of foetuses, implantation sites and resorbed 
foetuses, foetal weights and lengths, and physical and skeletal examination of foetuses were measured. 
The following statistically significant effects were reported at 50 and 150 mg/kg body weight/day doses 
of chitosan: decreased maternal body weight on GD 15 and 20; decreased absolute placenta and uterus 
weight; decreased foetal weight and length; and increased incidences of cleft palate, heart hypoplasia, 
atrophy of liver and kidneys, absence of skull cranial bone, caudal vertebrae, sternebrae, and limbs, and 
ribs shortage. There were no significant effects in behaviour or clinical signs in treated and control 
groups, and no significant difference in relative organ weight and in number of foetuses, implantation 
sites, and resorbed foetuses at 50 and 150 mg chitosan. It should be noted that this study was not 
conducted according to GLP or current testing guidelines for teratogenicity and used a very small 
maternal population (n=3/group) and only 2 dose groups compared to OECD testing guidelines, which 
recommend at least 10 animals per group and at least 3 dose groups. These deficiencies limit the value 
of this study in the safety assessment of Chinova’s fibre derived from white button mushrooms (A. 
bisporus). 
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Based on the 6-month dietary feeding study in which male and female Wistar rats were administered 
chitosan at intake levels of up to 6,000 mg/kg body weight/day (see Section C.2.2.3), no adverse effects 
were reported on testes or epididymis weights or sperm parameters or on uterus weights, indicating 
that chitosan did not elicit any effects that would suggest chitosan to be a reproductive toxin. 

An additional study on chitosan oligosaccharides was identified in the scientific literature; this study was 
designed to assess positive effects on the ovarian development and reproduction of New Zealand 
White rabbits. While this study was designed to assess beneficial effects, it does include relevant safety 
endpoints. Healthy weaned female rabbits were randomly distributed into 4 experimental groups 
(n=10 females/group) and fed ad libitum for 6 months (Kamal et al., 2023b). A basal diet without 
chitosan oligosaccharides was used as a control. The other 3 experimental groups were fed a basal diet 
plus 0.2, 0.4, or 0.6 g chitosan/kg diet. After 8 weeks, 3 females/group were sacrificed for morphological 
observation of ovarian tissues, and the remaining animals were used for reproductive evaluation 
including sexual receptivity, conception rate, gestation period, reproductive performance, and mortality 
rates. Specific details of the administration through mating and gestation were not reported. The results 
demonstrate that the significant effects were related to improvement of reproductive performance. No 
significant differences were reported in weight at birth, weight at weaning, offspring weight at birth, 
offspring weight at weaning, milk yield during the lactating period, and offspring and dam mortality. As 
such, no safety concerns were identified during the study.  

C.2.2.5 Genotoxicity 

The genotoxic potential of chitosan (derived from Aspergillus bisporus) and chitosan oligosaccharides 
was investigated in in vitro and in vivo studies and reviewed in GRN 397 (U.S. FDA, 2011). These studies 
are summarised in Table C.2.2.5-1. Chitosan derived from A. bisporus (KiOmedine-CsU) did not increase 
the number of revertant colonies in an Ames test conducted according to OECD Test Guideline 471 
(Bacterial reverse mutation test) at doses up to 1,000 µg/plate with and without S9 metabolic activation 
(OECD, 1997; Kitozyme, 2008 [unpublished] – reviewed in Kitozyme sa, 2011 – GRN 397). The incidence 
of micronuclei formation and chromosomal aberrations in male ICR mice following administration of 
chitosan oligosaccharides (MW = <10 kDa; DDA = 90%) at concentrations up to 1% w/v of the drinking 
water, equivalent to 10 mg/kg body weight/day, for up to 180 days (Yoon et al., 2005). No increases in 
micronuclei formation or chromosomal aberrations (in F1, F2, and F3 generations) were reported in any 
treatment group. Negative findings were also reported in an in vivo micronucleus test in Kunming mice 
administered chitosan oligomer (MW = 1.86 kDa; DDA = 85%) at doses of 5,000 mg/kg (Qin et al., 2006). 

The cytotoxic effect of chitosan oligosaccharides (MW = 1.4 kDa; DDA = 78%) at concentrations up to 
0.5% was investigated in human spermatozoa (Schimpf et al., 2019). Human sperm kinetic parameters, 
morphology, plasma membrane integrity, reactive oxygen species production, and DNA damage were 
measured. Sperm samples were collected from human volunteers aged 18 to 45 years. The authors 
reported no significant changes in any study parameter at concentrations of 0.1 to 0.5%, with the 
exception of a significant decrease in velocity at chitosan oligosaccharide concentrations of 0.25 and 
0.5%. Based on the results of this study, the authors concluded that chitosan oligosaccharides do not 
show any sign of toxicity to sperm function (Schimpf et al., 2019). 

No other mutagenic or genotoxic findings were reported in non-standard assays (e.g., mutagenicity in 
Euglena gracilis, chromosome damage and cytogenetic damage in Allium cepa, sister chromatid 
exchange in Chinese hamster lung cells, and aberrant crypts and proliferative indices in female CF1 
mice) (Ohe, 1996; Torzsas et al., 1996; Kogan et al., 2004; de Lima et al., 2010). 

The available evidence indicates that chitosan and chitosan oligosaccharides do not have genotoxic 
potential. 
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C.2.2.6 Studies on Related Compounds (N-Acetylglucosamine) 

As previously discussed, according to the USP monograph, “chitosan in an unbranched binary 
polysaccharide consisting of N-acetyl-D-glucosamine and D-glucosamine units linked in a β(1-4) 
manner.” Although it is unlikely that chitosan would be digested by gastric enzymes, N-
acetylglucosamine is a potential hydrolysis by-product generated during gastric transit (see Section C.2.1 
for further details). The chronic toxicity and carcinogenicity of N-acetyl-D-glucosamine, the monomeric 
constituent of chitosan, was evaluated in F344 rats in 2 separate studies conducted by Takahashi et al. 
(2009). This study was previously reviewed in GRN 397 (U.S. FDA, 2011). In the first study, F344 rats 
(n=10 animals/sex/group) were provided N-acetyl-D-glucosamine in the diet at concentrations of 1.25, 
2.5, or 5% for 52 weeks. In the second study, F344 rats (n=50 animals/sex/group) were provided 
N-acetyl-D-glucosamine in the diet at concentrations of 0, 2.5, or 5% for 104 weeks. No treatment-
related mortality or effects related to clinical signs of toxicity, food consumption, haematology, serum 
biochemistry, and histopathological evaluations were reported compared to control in either study. 
Body weights were slightly but statistically significantly decreased in high-dose (5%) males in both 
studies and in females (2.5 and 5%) in the carcinogenicity study. No statistically significant increase in 
tumours was reported in any of the dose groups of animals compared to controls. The slight suppression 
of body weights was considered by the authors to relate to reductions in caloric intake due to the 
high levels of intake of the test article and not direct toxic effect. Based on the results of this study, the 
NOAEL was concluded to be 5% in the diet in both studies, equivalent to 2,323 and 2,545 mg/kg 
body weight/day in males and females, respectively.  

C.2.3 Human Studies 

Chitosan has an apparent history of safe use in food supplement products, and several human clinical 
studies in which healthy, hypercholesterolemic, smokers, and/or obese subjects were administered 
chitosan or chitosan oligosaccharides in the diet are published in the literature (see Section G of 
GRN 397 and Section D of GRN 443) (Kitozyme sa, 2011; U.S. FDA, 2011, 2013a; Primex ehf, 2012). These 
studies demonstrate that chitosan consumption is well tolerated at levels ranging from 1 to 6 g per day, 
for periods up to 24 weeks (see Table C.2.3-1). According to GRN 170, the U.S FDA has raised concerns 
on potential effects on fat-soluble vitamins and mineral status in humans following consumption of 
chitosan (Primex ehf, 2005 – GRN 170). These concerns were raised due to a rat study that reported 
significant reductions in levels of vitamins A, D, and E, as well as calcium, magnesium, and iron (Deuchi 
et al., 1995), and a more recent long-term toxicity study reported similar findings (NTP, 2017). These 
findings have not been substantiated in human clinical studies conducted with clinically relevant 
dosages (Tapola et al., 2008). As such, the altered absorption of dietary nutrients reported in animals is 
not relevant to the safety of chitosan, given that the doses used in animal studies were much larger on a 
grams/kilogram body weight basis; these values were not considered representative of human intake 
levels.  

A summary of the human clinical studies discussed in GRN 397 is provided in Table C.2.3-1. Clinical 
studies published since GRN 397, identified through an update literature search, are summarised below. 
The results of the new clinical studies support the previous conclusions regarding the safety of chitosan 
in humans. 
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In a multicentre, single-blind, placebo-controlled, randomised clinical study, 96 adult patients in India 
(36 males, 60 females, mean age: 35.5 ± 11.2 years) took five 500-mg chitosan capsules (KiOnutrime-
CsG® chitosan derived from Aspergillus niger) per day for a total dose of 2,500 mg chitosan daily for 
90 days (n=64) or a placebo (n=32; microcrystalline cellulose powder) (Trivedi et al., 2016). Study 
participants were generally free from disease; however, 15 subjects in the chitosan group and 6 from 
the placebo group had hypertension, diabetes mellitus, and/or dyslipidaemia. The following parameters 
were measured or tracked during the study: safety, quality of life (via questionnaire), adverse events 
and effects, biochemical parameters (urea, serum creatinine, alanine aminotransferase [ALT], aspartate 
transaminase [AST]), mean body weight changes, body mass index (BMI), body fat, visceral fat, muscle 
mass, upper abdominal circumference, hip, and waist, waist to hip ratio, lipid profile (triglycerides, high-
density lipoproteins [HDL], low-density lipoproteins [LDL], and very low-density lipoproteins), and 
glycated haemoglobin levels. 

There were 6 adverse events (common cold, hypertriglyceridemia, body ache, hypertension, and 
2 counts of constipation) in the chitosan group, and 4 adverse events (2 counts of mild headache, 
hypertriglyceridemia, and fracture) in the placebo group. The authors reported that all adverse events 
were mild and unrelated to study treatment. There was no statistically significant difference in ALT, AST, 
serum creatinine, or urea from Day 0 to 90 in either group. The authors reported no study withdrawals 
due to adverse effects and stated that overall, chitosan was safe and well tolerated. Compared to 
placebo, a statistically significant reduction in mean body weight change, BMI, body fat percentage, and 
upper abdominal, hip, and waist circumference at Day 45 and Day 90 were reported.  

Compared to baseline measures, a statistically significant decrease in body weight, BMI, body fat 
percentage, visceral fat percentage, muscle mass, upper abdominal, hip, and waist circumference were 
reported at Day 45 and Day 90. Percent glycated haemoglobin was significantly decreased in the 
chitosan group at Day 45 and 90, as well as in the placebo group at Day 45, though it returned to 
baseline at Day 90 in the latter group. A statistically significant increase in LDL was reported in the 
chitosan group at Day 45 and in the placebo at Day 90; this effect was attributable to only 1 
subject/group and was therefore considered transient and clinically non-significant by the authors. No 
significant differences were reported by the authors for all other lipid parameters compared to baseline 
(Trivedi et al., 2016). 

In a 12-week randomised, double-blind, placebo-controlled study conducted with 60 prediabetic adult 
patients (characterised by impaired fasting glucose and impaired glucose tolerance), a LMWC 
oligosaccharide capsule (100% purity, not further specified) or a placebo capsule (roasted barley meal 
powder) was administered 6 times/day for a total daily dose of 1,500 mg (Kim et al., 2014). Adverse 
effects, serum levels of glucose and C-peptide, cholesterol and immune markers, triglycerides, insulin, 
adiponectin, and glycated haemoglobin were measured throughout the study period. No adverse effects 
were reported by any of the subjects. Statistically significantly increased lean body mass was reported in 
the chitosan group compared to placebo. Significantly decreased glycated haemoglobins, glucose at 30 
and 60 minutes, and interleukin-6 (IL-6) and significantly increased adiponectin were reported 
compared to baseline. There were no significant differences in insulin, C-peptide, and area under the 
curve of glucose and C-peptide compared to baseline. Significant changes from baseline to after 12 
weeks of chitosan use versus changes in the placebo group were reported as a decrease in body fat 
percentage, waist circumference, blood glucose at 60 minutes, and glycated haemoglobins. There was 
no significant difference in changes in total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, 
insulin, adiponectin, IL-6, and tumour necrosis factor-alpha between treatment and placebo groups (Kim 
et al., 2014). 
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In a randomised, double-blind, controlled crossover study conducted with 37 healthy adults (ages 20 to 
75 years), chitosan oligosaccharide capsules were provided to subjects at a daily dose of 250 mg (Jeong 
et al., 2019). The treatment was provided in addition to 75 g of sucrose within 15 minutes. After 7 days, 
subjects were provided a placebo. Blood samples were collected after a 12-hour overnight fast. Serum 
glucose concentrations were measured at 0, 30, 60, 90, and 120 minutes. Total energy expenditure was 
calculated for each subject. No side effects were reported in any study subjects. No significance changes 
in white blood cells, red blood cells, haemoglobin, haematocrit, platelets, or parameters of daily food 
intake and total energy expenditure (basal metabolic rate) in any study subject. Blood glucose levels 
peaked at 30 minutes and returned to baseline after 2 hours. No significant differences in blood glucose 
levels were reported between treatment and placebo groups (Jeong et al., 2019). 

A meta-analysis of randomised, double-blind, placebo-controlled trials was conducted to evaluate the 
effects of chitosan administration on systolic blood pressure and diastolic blood pressure (Huang et al., 
2018a). Chitosan was administered at doses ranging from 1 to 4.5 g/day for up to 24 weeks in 
617 subjects that were overweight, obese, hypercholesterolemic, or prehypertensive from 8 trials with 
10 arms and chitosan did not result in any significant decreases in systolic or diastolic blood pressure. 
However, analyses of subgroups indicated that diastolic blood pressure was decreased in the short-term 
(<12 weeks) and at high doses (>2.4 g/day). The reported forms of chitosan were “chitosan” or 
“microcrystalline chitosan.” No further information on the MW or DDA was reported. Based on the 
results of this meta-analysis, the authors concluded that chitosan consumption significantly decreased 
diastolic blood pressure at high doses (>2.4 g/day) and in short-term interventions (Huang et al., 2018a). 

In another meta-analysis of randomised controlled trials conducted to investigate the effects of chitosan 
consumption on serum lipids, 1,108 subjects that were overweight, obese, hypercholesterolemic, or 
prediabetic from 14 trials with 21 treatment arms were evaluated (Huang et al., 2018b). Chitosan 
administration at doses ranging from 0.312 to 6.75 g/day for up to 24 weeks significantly increased the 
total cholesterol and LDL-cholesterol in all subjects. No significant changes in HDL-cholesterol or 
triglycerides and no serious adverse events were reported (Huang et al., 2018b). 

The effects of chitosan on body weight and body composition were investigated in a meta-analysis of 
15 trials with 18 treatment arms that included 1,130 subjects (Huang et al., 2020). The studies included 
subjects who were overweight or obese with hypercholesterolemia or overweight or obese but 
otherwise healthy consuming chitosan at doses ranging from 0.312 to 4.5 g/day for 4 to 24 weeks. The 
reported treatments included chitosan capsules, microcrystalline chitosan capsules, water-soluble 
chitosan capsules, or beta-glucan-chitin-chitosan fraction. No details on the MW or DDA were reported. 
Chitosan consumption was associated with a significant decrease in body weight. Analysis of subgroups 
indicated that consuming high doses of chitosan (>2.4 g/day) for short-term (<12 weeks) was associated 
with a decrease in body weight. In addition, consumption of chitosan was well tolerated and was not 
associated with any serious adverse events (Huang et al., 2020).  
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C.2.4 Information Pertaining to the Safety of beta-1,3-Glucans 

Chinova’s fibre from white button mushrooms (Agaricus bisporus) contains beta-1,3-glucans at 
concentrations of up to 5% on a w/w% basis, and as crustacean-derived chitosan preparations do not 
contain beta-glucans, ancillary safety data on the toxicity of beta-1,3-glucans are necessary. As 
described in GRN 397 (U.S. FDA, 2011), several studies have been conducted which evaluated the safety 
of beta-glucan. In 1 study, groups of male and female Wistar rats (n=20/sex/group) [Crl:WI(WU)] were 
administered chitin-glucan as a dietary admixture at concentrations of 0 (control), 1, 5, or 10% 
(equivalent to 0, 632, 3,217, and 6,589 mg/kg body weight/day, respectively, for males and 0, 684, 
3,437, and 7,002 mg/kg body weight/day, respectively, for females) for a period of 13 weeks. Food 
intake in high-dose rats was statistically significantly increased with no changes in body weight, in 
comparison to control rats. The author considered this finding to be toxicologically irrelevant due to the 
lower energy content of the high-dose diet compared to the control diet. A statistically significant 
increase in the absolute weight of the full and empty caecum of mid- and high-dose males and high-
dose females, and a significant increase in the full and empty caecum weights relative to body weight in 
the high-dose males and females were reported compared to controls. Caecal enlargement occurs in 
rodents administered large dietary quantities of non-digestible polysaccharides/polyols and is an effect 
that is not considered relevant to humans (WHO, 1987). The authors concluded that under the 
conditions of the study, the NOAEL was 10% in the diet, the highest concentration tested, which was 
equivalent to an overall estimated daily intake of 6,589 mg/kg body weight/day for males and 
7,002 mg/kg body weight/day for females.  

Similar findings were reported in studies evaluating the effect of orally administered insoluble fungal 
derived beta-glucan preparations in rodents (Feletti et al., 1992; Babíček et al., 2007). In a GLP- and 
OECD Test Guideline 408 (Repeated dose 90-day oral toxicity study in rodents)-compliant subchronic 
toxicity study (OECD, 1998a,b), a NOAEL of 100 mg/kg body weight (the maximum deliverable gavage 
dose) was derived for Fisher-344 rats administered a Saccharomyces cerevisiae–derived beta-1,3-glucan 
preparation on a repeated basis over a period of 91 days (Babíček et al., 2007). The chronic (52 weeks) 
toxicity of a Candida albicans–derived beta-1,3-D-glucan insoluble isolate was evaluated by Feletti et al. 
(1992). Groups of Sprague-Dawley rats (n=20/sex/group) were randomised to treatment groups 
receiving gavage doses of beta-glucan at 0 (saline), 50, 100, or 200 mg/kg body weight/day. Similar to 
findings reported by Jonker et al. (2010), high-dose male and female treatment groups (200 mg/kg 
body weight/day) experienced soft stools, diarrhoea, and caecal enlargement with variable hyperplasia 
of the colon mucosa. A NOAEL of 200 mg/kg body weight per day, the highest dose tested, can be 
determined from this study. 

The safety of soluble beta-glucans derived from oat bran, barley, Baker’s yeast, and fungi has been 
reviewed in numerous GRAS notices to the U.S. FDA (e.g., GRN 239 – U.S. FDA, 2008a; GRN 309 – 
U.S. FDA, 2010; GRN 437 – U.S. FDA, 2013b; GRN 544 – U.S. FDA, 2015). Based on the intended uses of 
beta-glucan, the estimated intake in consumers was calculated to be as high as 16.5 g beta-
glucan/person/day in 90th percentile (GRN 437 – U.S. FDA, 2013b). The Agency did not raise any 
objections to any of the GRAS determinations.  

The safety of beta-glucans in the diet is also supported by the fact that the U.S. FDA has approved 
several health claims for soluble fibres derived from oats containing beta-glucan and providing at least 
0.75 g beta-glucan soluble fibre per serving (U.S. FDA, 2008b). The European Food Safety Authority also 
approved health claims related to the maintenance of normal blood cholesterol concentrations and 
intake of oat beta-glucan of at least 3 g/day (EFSA, 2010). The safety of Baker’s yeast-derived 
beta-glucan was also concluded to be safe for use in foods at levels providing 600 mg/day (EFSA, 2011a). 
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Based on the intended uses of Chinova’s fibre from white button mushrooms (A. bisporus), the highest 
intake under the intended conditions of use is estimated to result in intakes of 1.2 g/day. This would 
amount to approximately 60 mg of beta-glucan, which is well below intakes that are anticipated to be 
consumed from the current GRAS uses of beta-glucans in the U.S. Therefore, no safety concerns are 
anticipated due to the presence of up to 5% beta-glucan in Chinova’s fibre derived from white button 
mushrooms (A. bisporus). 

C.3 Summary of Safety Opinions of the Food Additive 

C.3.1 Canada 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is approved for use as a food 
additive in Canada for use as a preservative agent in a variety of foods and beverages similar to those 
described herein. This ingredient was added to Health Canada’s List of Permitted Preservatives as an 
antibacterial (Class 2) and antifungal (Class 3) preservative, listed as “Chitosan from Agaricus bisporus 
(average molecular weight 90 to 120 kDa and degree of deacetylation not less than 80%),” on 30 May 
2024 (reference: M-FAA-24-05; Health Canada, 2024). Within the summary of their assessment, Health 
Canada States: 

The Food Directorate concluded that information related to the safety and efficacy of 
chitosan from white button mushrooms (A. bisporus) supports its use as an antibacterial 
agent and an antifungal agent in the foods of interest. 

Therefore, based on the premarket assessment of Chinova’s fibre extracted from white button 
mushrooms (Agaricus bisporus), Health Canada authorised the intended uses (Health Canada, 2023, 
2024). 

C.4 History of Use of Chitosan from Fungal and Crustacean Sources 

Crustacean-derived chitosan has a long history of safe use in the global food supply. Chitosan obtained 
from crustacean sources are permitted for use in NHPs in Canada (Health Canada, 2018). Health Canada 
has prepared a monograph for the use of crustacean-derived chitosan in NHPs as part of a weight 
management program, lower blood total and low-density lipoprotein cholesterol, and to help maintain 
health cholesterol levels which indicates dose levels of 0.5 to 3 g of chitosan, 2 times/day, for a total of 6 
g/day (Health Canada, 2018). Crustacean-derived chitosan is currently approved/permitted for use as a 
natural food additive for general food use in Japan and Korea (JFCRF, 2020; MFDS, 2020) and has 
widespread use as a drug excipient, functional food ingredient, and dietary supplement product in the 
U.S., the EU, and other regulatory jurisdictions throughout the world. Supplement products containing 
chitosan typically promote consumption of 1 to 5 g/person/day for use in weight control and/or 
maintenance of cardiovascular health (NIH, 2023). In the EU, chitosan extract from fungi such as 
A. bisporus or A. niger are authorised for use in food supplements as defined in Directive 2002/46/EC13 
on the approximation of the laws of the Member States relating to food supplements at levels 
consistent with chitosan from crustacean sources.  

 
13 Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of the 
Member States relating to food supplements. OJ L 183, 12.7.2002, p. 51–57. Available online: https://eur-
lex.europa.eu/eli/dir/2002/46/oj (current consolidated version: 06/02/2024). 
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In the EU, chitosan extract from fungi (Agaricus bisporus; Aspergillus niger) are authorised for use in 
food supplements as defined in Directive 2002/46/EC14 on the approximation of the laws of the Member 
States relating to food supplements at levels “in line with normal use in food supplements of chitosan 
from crustacean sources.”15 Chitosan from crustacean sources (as polyacetyl-glycosamine) is defined as 
not novel in food supplements within the EU Novel Food Catalogue, with no maximum levels listed 
(European Commission, 2023). As well, chitosan derived from A. niger is authorised for use in the EU as 
a processing aid: clarifying agent in several wine products and as a processing aid for the correction of 
defects in the above product categories and also in new wine still in fermentation as defined in 
Regulation (EU) 2019/934.16 

In 2011, the use of an insoluble fungal-derived chitosan was concluded to be GRAS in the U.S. by 
KitoZyme as a secondary direct food ingredient in alcoholic beverage production at levels between 10 
and 500 g/100 L. KitoZyme’s GRAS conclusion was notified to the U.S. Food and Drug Administration on 
08 August 2011 and filed by the Agency without objection under GRN 397 (U.S. FDA, 2011). 2-Amino-2-
deoxy-poly-D-glucosamine (Chinova’s fibre extracted from white button mushrooms [A. bisporus], as 
described herein) has FEMA GRAS status for use as a flavouring ingredient with flavour-modifying 
properties (FEMA No. 4946 – Cohen et al., 2022) at levels up to 2,000 ppm. Chinova’s fibre extracted 
from white button mushrooms (A. bisporus) is GRAS in the U.S. for use in a variety of foods and 
beverages similar to those described herein. This GRAS status was notified to the U.S. Food and Drug 
Administration (FDA) as “Chitosan and beta-1,3-glucans from white button mushrooms (Agaricus 
bisporus)” (GRAS Notice [GRN] 997) and on 28 February 2022 the U.S. FDA issued a “no questions” letter 
in response to this Notice (U.S. FDA, 2022). In Canada, Chinova’s fibre extracted from white button 
mushrooms (A. bisporus) is authorised for use under the same proposed food uses and maximum use 
levels as described herein; thus, it is included on Health Canada’s List of Permitted Food additives as an 
antibacterial (Class 2) and antifungal (Class 3) preservative (Health Canada, 2024). 

 
14 Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of the 
Member States relating to food supplements. OJ L 183, 12.7.2002, p. 51–57. Available online: https://eur-
lex.europa.eu/eli/dir/2002/46/oj (current consolidated version: 06/02/2024). 
15 Commission Implementing Regulation (EU) 2017/2470 of 20 December 2017 establishing the Union list of novel foods in 
accordance with Regulation (EU) 2015/2283 of the European Parliament and of the Council on novel foods. OJ L 351, 
30.12.2017, p. 72–201. Available online: https://eur-lex.europa.eu/eli/reg impl/2017/2470/oj (current consolidated version: 
27/06/2024). 
16 Commission Delegated Regulation (EU) 2019/934 of 12 March 2019 supplementing Regulation (EU) No 1308/2013 of the 
European Parliament and of the Council as regards wine-growing areas where the alcoholic strength may be increased, 
authorised oenological practices and restrictions applicable to the production and conservation of grapevine products, the 
minimum percentage of alcohol for by-products and their disposal, and publication of OIV files. OJ L 149, 7.6.2019, p. 1–52. 
Available online: https://eur-lex.europa.eu/eli/reg del/2019/934/oj (current consolidated version: 08/02/2022). 
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C.5 Discussion of the Available Safety Information on Chitosan 

The safety of chitosan was discussed in numerous GRAS notices that were notified to the U.S. FDA 
(i.e., GRN 73 – U.S. FDA, 2002; GRN 170 – U.S. FDA, 2005; GRN 397 – U.S. FDA, 2011; GRN 443 – 
U.S. FDA, 2013a). Based on the information provided in GRN 170, the main concern raised by the 
reviewers at the Center for Food Safety and Applied Nutrition were related to the “nutritional effects of 
consuming shrimp-derived chitosan on a chronic basis as part of a normal diet” (Primex ehf, 2005 – 
GRN 170). According to the Notifier, the FDA noted that “chitosan was non-toxic to humans and other 
test animals”; however, the Agency “questioned whether or not chitosan would interfere with fat-soluble 
vitamin and mineral status in humans, when the substance was consumed on a chronic basis as part of a 
general diet.” The nutritional effects discussed in GRN 170 were based on a study by Deuchi et al. 
(1995), in which rats consuming a high-fat diet containing 5% chitosan experienced significant 
reductions in fat digestibility and reduced reserves of vitamins A, D, and E, and minerals, including 
calcium, magnesium, and iron. The findings in Deuchi et al. (1995) are not considered of clinical 
significance, given the differences in the digestions of dietary fibre-like substances (i.e., chitosan) and fat 
between rats and humans. As rats do not have a gallbladder, they cannot emulsify high-fat meals for 
complete digestion, and the shorter transit time in rats impacts their ability to digest dietary fibre-like 
substances such as chitosan (Bach Knudsen et al., 1994; Wisker et al., 1997). These species differences 
limit the direct applicability of the rat as a model for evaluating nutritional effects of fat-sequestering 
compounds like chitosan. In addition, considering that the effects on vitamin absorption are secondary 
to effects on fat absorption, an understanding of threshold effects of chitosan on fat absorption in a 
clinical setting is more relevant for use in risk assessment. 

The nutritional effects of chitosan were further assessed in a 6-month feeding study conducted by the 
National Toxicology Program, wherein Sprague-Dawley rats were provided LMWC powder (purity = 94%; 
average MW = 82 kDa; DDA = 86.5%; compositionally equivalent to Chinova’s fibre from white button 
mushrooms [A. bisporus]) in the diet at levels of 0, 1, 3, or 9% for 6 months (NTP, 2017). Further details 
of this study, which was not published at the time GRN 443 was filed, are provided in Section C.2.2.3. 
Dietary concentrations of chitosan up to 9% in the diet were well tolerated by rats. However, statistically 
significant reductions in serum concentrations of fat-soluble vitamins and reduced relative liver and 
thymus weights were reported at dietary concentrations of 3 and 9% in males, and 9% in females. No 
histopathological changes attributable to chitosan were reported in any of the groups. A statistically 
significant decrease in fat soluble vitamins at the 1% level in male rats was only reported at Week 13 for 
serum vitamin E. The reduction of serum vitamin E in male rats was not consistent throughout the 
study. Dietary exposure to chitosan for 6 months resulted in decreased fat digestion and depletion of 
some fat-soluble vitamins in male and female rats. There were no histological findings associated with 
the observed decreases in vitamin levels. Based on the effects of chitosan on serum vitamin E levels, the 
authors concluded the “lowest-observed-effect level for chitosan exposure was 1% (approximately 
equivalent to 450 mg/kg) in male and 9% (approximately equivalent to 6,000 mg/kg) in female rats.” 
These effects are considered to be indirect consequences of the recognised fat-binding properties of 
chitosan,17 resulting in excretion of dietary fat and reduced absorption of fat-soluble vitamins. In 
addition, generalised effects of resistant dietary fibres like chitosan on nutrient absorption have been 
long known, are well characterised, and are not considered nutritionally relevant at levels that are 
commonly consumed in the diet (Dahl and Stewart, 2015). As such, these effects are not considered to 
be a direct toxic effect of chitosan on organ systems or a finding of toxicological or nutritional 
significance, and the reported fatty change is considered to be a biological adaptive response to 
depletion of fat-soluble vitamins and minerals and contingent upon consumption of supraphysiological 
intakes that would affect lipid absorption.  

 
17 Chitosan is marketed as a dietary supplement for weight loss, and the USP monograph for chitosan includes fat-binding 
capacity as a qualitative specification parameter for the ingredient. 
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Concerns regarding chitosan reducing the absorption of lipid and other nutrients, such as fat-soluble 
vitamins and minerals, were mainly reported in studies with rats (Deuchi et al., 1995; NTP, 2017). This is 
further collaborated by the results of several clinical studies, wherein no significant decreases in fat-
soluble vitamins were reported in human studies as follows: 

• Vitamins A, E, D, α-carotene, and beta-carotene in mild hypercholesterolemic subjects (n=56) 
consuming chitosan derived from shellfish at levels of 6.75 g/day for 55 days (Tapola et al., 
2008); 

• Vitamin D in mild or moderate hypercholesterolemic subjects (n=96) consuming LMWC at doses 
up to 2.4 g/day for 12 weeks (Jaffer and Sampalis, 2007); 

• Vitamin A (retinol), D, E (α-tocopherol), beta-carotene, and prothrombin time (surrogate for 
vitamin K) in overweight adults (n=250) consuming 3 g/day of beta-chitosan for 24 weeks 
(Mhurchu et al., 2004); and 

• Vitamin A, D, E, and beta-carotene in overweight subjects (n=30) consuming 2 g/day of chitosan 
(not further characterised) for 28 days (Pittler et al., 1999). 

A number of repeated-dose studies were identified in mice, rats, guinea pigs, and pigs, which reported 
an effect of chitosan administration (see Section C.2.2.2). The weight of the available evidence indicates 
that typical chitosan preparations, when ingested are non-toxic. Some evidence of toxicity 
(e.g., increased or decreased relative organ weights, accumulation of iron, zinc in copper in organs, 
decrease fat soluble vitamins) has been reported in rodent studies following administration of LMWC 
oligomers and/or fully deacetylated oligomers at high-dietary concentrations (>1%). Evidence of toxicity 
in these studies is typically dose-limiting (only observed at dietary levels >1%) and in some cases were 
confounded by application of non-validated study designs.  

Fifteen clinical studies were discussed in GRN 397 (U.S. FDA, 2011) in which chitosan was consumed at 
doses of 0.54 to 6.75 g/day for 2 to 24 weeks without significant treatment-related adverse effects 
reported. An updated search of the scientific literature identified studies published since GRN 397 that 
were conducted with chitosan doses of 1.5 to 2.5 g/day for up to 90 days (see Section C.2.3). No 
treatment-related adverse events were reported throughout the studies, but a statistically significant 
decrease in body weight, body mass index, body fat percentage, visceral fat percentage, muscle mass, 
and upper abdominal, hip, and waist circumference were reported (Kim et al., 2014; Trivedi et al., 2016). 
These findings are considered to be an expected effect of chitosan, as the substance is commonly used 
in food supplements products for its fat-binding ability.  

The reported lowest-observed-effect level (LOEL) from NTP (2017) was 1% in male rats, equivalent to 
450 mg/kg body weight/day, based on the reported nutritionally related findings. On a body weight 
basis, this dose is equivalent to a human consuming approximately 31.5 g of chitosan per day (for a 
70-kg individual). In the parallel, placebo-controlled study by Tapola et al. (2008), no effects on fat 
absorption were reported at clinically relevant doses (i.e., 6.75 g/day). Based on the proposed 
antimicrobial food uses of the chitosan derived from white button mushrooms (A. bisporus), the 
estimated daily intake of chitosan derived from white button mushrooms was determined to be highest 
in adults, at 1.2 g/day at the highest 95th percentile intakes chitosan derived from white button 
mushrooms (A. bisporus), approximately 26-fold less than the reported LOEL of chitosan by NTP (2017), 
and an order of magnitude below levels that have been demonstrated to not affect vitamin absorption 
in human studies. Chitosan is approved for use in supplements in the EU, therefore, a conservative high-
level cumulative estimate of exposure is 5.7 g/day, which is 5-fold less than the LOEL and below the 
aforementioned clinically relevant dose. Therefore, the proposed uses of Chinova’s fibre derived from 
white button mushrooms (A. bisporus) is not expected to be associated with any adverse outcomes, 
including vitamin or mineral deficiencies. 



 

Chinova Bioworks Inc. 
05 September 2024 102 

D. INFORMATION RELATED TO THE DIETARY EXPOSURE TO THE 
FOOD ADDITIVE 

In accordance with Guideline 3.3.1 – Food Additives of the FSANZ Application Handbook (FSANZ, 2019a), 
the following dietary exposure information must be provided: 

1. A list of the foods or food groups proposed to contain the food additive; 

2. The maximum proposed level and/or concentration range of the food additive for each food 
group or food; and 

3. For foods or food groups not currently listed in the most recent Australian or New Zealand 
National Nutrition Surveys (NNSs), information on the likely level of consumption (not 
applicable). 

Each point is addressed in the following subsections. 

D.1 Proposed Food Uses and Use Levels of the Food Additive 

Chinova’s fibre derived from white button mushrooms (A. bisporus) is intended for use in the Australia 
and New Zealand marketplace as a preservative (antimicrobial preservative) as defined in Schedule 14 at 
the minimum levels required to achieve the desired technical effect in accordance with cGMP, with 
maximum levels ranging from 0.01 to 0.150 g/100 g (equivalent to 100 to 1,500 ppm). A summary of the 
proposed food categories and use levels for Chinova’s fibre derived from white button mushrooms 
(A. bisporus) is provided in Table D.1-1 below, which is organised according to the food standards as 
listed in Chapter 2 of the Code (FSANZ, 2024). Notably, these food uses and use levels are considered 
reflective of those that have been recently approved in Canada and are GRAS in the U.S., as well as 
those currently under evaluation by the relevant authorities in the EU and the UK. 
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D.2 Exposure Data 

Chinova’s fibre extracted from white button mushrooms (A. bisporus) is intended for use in Australia 
and New Zealand as a preservative under the same conditions of use as those presently authorised for 
Chinova’s fibre extracted from white button mushrooms (A. bisporus) in the U.S. and Canada, as well as 
those currently under review in the EU and the UK. 

Recent exposure estimates have been conducted for the U.S., and the EU/UK populations to support the 
use of Chinova’s fibre extracted from white button mushrooms (A. bisporus) as a food additive in those 
jurisdictions. At the time of submission to Canada, exposure estimates were permitted to be based on 
the U.S. population and so the exposure assessment calculated for the U.S. GRAS procedure was 
adapted for the submission of Chinova’s fibre extracted from white button mushrooms (A. bisporus) to 
Health Canada. Despite minor differences in food category naming conventions used for each 
jurisdiction, the proposed food uses and use levels remain consistent. Estimated intakes of Chinova’s 
fibre extracted from white button mushrooms (A. bisporus) from its use as a food additive in the U.S., 
the EU, and the UK are therefore considered representative of the anticipated exposure to Chinova’s 
fibre extracted from white button mushrooms (A. bisporus) in Australia and New Zealand, and as such, a 
separate intake assessment for Chinova’s fibre extracted from white button mushrooms (A. bisporus) in 
Australia and New Zealand was not performed for the purposes of this application. In place of a 
separate exposure estimate for Australia and New Zealand, the recent intake estimates conducted for 
the U.S., the EU, and the UK are presented in the sections below. 

D.2.1 The United States 

An assessment of the anticipated intake of Chinova’s fibre extracted from white button mushrooms 
(A. bisporus) as an ingredient under the intended conditions of use described in D.1.2 was conducted 
using data available in the 2017-2018 cycle of the U.S. National Center for Health Statistics National 
Health and Nutrition Examination Survey (NHANES) (CDC, 2021a,b; USDA, 2021).  

A summary of the estimated daily intake of Chinova’s fibre extracted from white button mushrooms 
from all proposed food uses in the U.S. population groups is provided in Table D.2.1-1 on an absolute 
basis (g/person/day) and on a body weight basis (mg/kg body weight/day). The percentage of 
consumers was high among all age groups evaluated in the current intake assessment; more than 96.7% 
of the population groups consisted of consumers of food products in which Chinova’s fibre extracted 
from white button mushrooms is currently proposed for use. Children ages 6 to 11 years had the 
greatest proportion of consumers, at 99.3%. The consumer-only estimates are more relevant to risk 
assessments, as they represent exposures in the target population; consequently, only the 
consumer-only intake results are discussed in detail herein.  

Among the total population (ages 2 years and older), the mean and 90th percentile consumer-only 
intakes of Chinova’s fibre extracted from white button mushrooms were determined to be 0.12 and 
0.25 g/person/day, respectively. Of the individual population groups, male adults were determined to 
have the greatest mean and 90th percentile consumer-only intakes of Chinova’s fibre extracted from 
white button mushrooms on an absolute basis, at 0.15 and 0.30 g/person/day, respectively, while 
children (ages 2 to 5 years) had the lowest mean and 90th percentile consumer-only intakes, at 0.07 and 
0.13 g/person/day, respectively.  
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