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Intended Uses of Cellulose Nanomaterials

Food Food Contact Cosmetics Chemical
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Regulatory Requirements Vary by Use and Geography

EU EFSA EFSA, 
BfR,  etc.

EC ECHA

US FDA EPA

Canada Health Canada NSP
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Alliance for Food Safety Acceptance of Fibrillated and Crystalline 
Celluloses (AFSAC)

• Collaborative public/private Alliance
• P3Nano
• CN Manufacturers

• Demonstrating the safety of CNs for food and food contact applications
• Pursuing regulatory authorization in markets worldwide  
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Food and Food Contact Packaging in Multiple Markets

1. Meet regulatory requirements for the use of CNs in food and food-contact packaging

2. Key markets: European Union & United States

• Endpoints

• Methodologies

3. Form a panel of CN physical-chemical characterization experts to design testing plan

• Academia

• Industry

• Government

GOAL: Physical and chemical testing plan for approval of MFCs in food and food-contact packaging applications 
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FDA, EFSA, BfR Food and Food Contact Packaging 
Requirements

Develop list of physical-chemical characterization requirements for food and food contact applications in key 
markets

Regulatory Cross-walk
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FDA, EFSA, BfR Food and Food Contact Packaging 
Requirements

Size/Morphology Molecular Weight

Nanoscale Fraction Degree of Polymerization 

Elemental Analysis & Surface Chemistry Solubility and Partition Coefficients

Surface Area Density and Pour Density

pH Melting Point, Boiling Point, Specific Gravity 

Crystallinity Dustiness

Impurities Hydrogen Bonding

Reactivity Hydration

Regulatory cross-walk to develop physical-chemical characterization requirements for food and food contact 
applications in key markets
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Relevant endpoints for MFCs

Unique pchem considerations for MFCs

Methods and standards for pchem
endpoints

Develop final pchem testing plan

Industry

GovernmentAcademia

Physical-chemical Subcommittee



Physical-chemical Characterization Strategy: Read Across
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1. Five industrial MFC

2. A non-commercial MFC (RefMFC) 

• Produced by the University of Maine Process Development Centre

3. Two MFCs already found in food 

• Ketchup MFC: isolated from commercially available ketchup
• Nata MFC: isolated from Nata de Coco

4. Reference microcrystalline cellulose (RefMCC)

5. Reference conventional cellulose (RefCC)

• Raw materials:

• Methods:

1. All materials were characterized side-by-side.
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Example: Size and Morphology
Regulatory requirements

• Microfibril length distribution 
• Particle/agglomeration size 
• Microfibril diameter distribution 

• Primary particle size, size range, and number size 
distribution (two methods, one being EM)
• Secondary particle size, size range and number 
size distribution (two methods, one being EM)
• Information on physical form

Recommended Testing Rationale

Scanning Electron Microscopy Recommended 
for nanoscale 
resolution

Average and 
distribution of fiber 
width

Laser Diffraction Commonly used in 
food science

Fiber Analyzer Recommended for microscale resolution

Light Microscopy Recommended for macroscale 
resolution
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Example: Size and Morphology
Recommended Testing Rationale

Scanning Electron Microscopy Recommended 
for nanoscale 
resolution

Average and 
distribution of fiber 
width

Laser Diffraction Commonly used in 
food science

Fiber Analyzer Recommended for microscale resolution

Light Microscopy Recommended for macroscale 
resolution

Transmission Electron Microscopy High resolution SEM is preferable

Dynamic Light Scattering LD is a better alternative

Confocal Microscopy; Atomic Force 
Microscopy Redundant testing

Regulatory requirements

• Microfibril length distribution 
• Particle/agglomeration size 
• Microfibril diameter distribution 
• Primary particle size, size range, and number size 
distribution (two methods, one being EM)
• Secondary particle size, size range and number 
size distribution (two methods, one being EM)
• Information on physical form
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Example: Size and Morphology
Light Microscopy

RefMFC RefMCC RefCC

Scanning Electron Microscopy

Laser Diffraction

RefMFC

RefMCC

RefCC
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Example: Size and Morphology - Finest Fraction
Recommended Testing Rationale

Fractionation by centrifugation and 
then studied by atomic force 
microscopy (AFM)

Aim to show (i) no/limited free 
nanoscale fibrils;  (ii) similar ‘nanoscale 
fraction’ present in conventional 
celluloses already approved for 
food/contact 

Regulatory requirements

• Nanoscale 'fraction' of samples, If individual 
nanoscale fibrils present

• Method:

100 g 
dispersion 
(1.7 g/L)

Homogenization Centrifugation

Supernatant

Precipitates

Dry @105°C
overnight

Weigh dry contents Calculate
fine fraction

1. Centrifugation protocol to isolate smallest fibers and fibrils (wt. %).

2. AFM to characterize average fiber length and width in finest fraction.
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Example: Size and Morphology - Finest Fraction
Recommended Testing Rationale

Fractionation by centrifugation and 
then studied by atomic force 
microscopy (AFM)

Aim to show (i) no/limited free 
nanoscale fibrils;  (ii) similar ‘nanoscale 
fraction’ present in conventional 
celluloses already GRAS 

Mechanical fractionation by sieves 
and membranes

Limited access to equipment; 
No longer commonly used 

Regulatory requirements

• Nanoscale 'fraction' of samples, If individual 
nanoscale fibrils present

• Method:

100 g 
dispersion 
(1.7 g/L)

Homogenization Centrifugation

Supernatant

Precipitates

Dry @105°C
overnight

Weigh dry contents Calculate
fine fraction

1. Centrifugation protocol to isolate smallest fibers and fibrils (wt. %).

2. AFM to characterize average fiber length and width in finest fraction.
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Example: Size and Morphology - Finest Fraction
RefMFC

RefMCC

RefCC

Sample Finest 
Fraction (%)

Fibril length 
(µm)

Fibril width (nm) Notes

RefMFC 3 ± 0.6 1.76 ± 1.32 52.8 ± 19.1

RefMCC 74.1 ± 6.1 0.26 ± 0.09 46.6 ± 12.1 Separation challenging

RefCC 7 ± 1.5 N.A. N.A. The upper phase 
contained visible fibers. 
No fibrils in AFM image 
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Endpoints Not Relevant for MFC

Endpoint Rationale

Solubility and Partition 
Coefficients

Cellulose anticipated to be insoluble at 
pHs relevant for food applications

Density and Pour Density Literature values are available for cellulose

Melting point, boiling point, 
specific gravity 

• Several endpoints not applicable (e.g. 
boiling point)
• Literature values are available for 
cellulose

Dustiness Not applicable since MFC is aqueous 
gel/cakes

Hydrogen bonding Difficult endpoint to characterize but can 
be informed by hydration and other 
planned endpoints (e.g. surface area, 
surface charge density) 

• Require hydrogen bonding
• Solubility in relevant solvents and 
partitioning between aqueous and organic 
phases, and influence of pH on solubility 
• Information on density/porosity and pour 
density (for granular materials)
• Require melting point, boiling point and 
specific gravity
• Dustiness for dry powders

Regulatory requirements



Challenges
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• Existing regulatory guidelines and testing strategies may not be suitable for MFC
• Requires method development
• Regulators require methodological validation for modified approaches; time- and cost-implications
• No directly applicable reference materials for method validation

• Complex morphology of MFC makes characterization difficult 
• Large entangled network
• High aspect ratio
• Especially difficult to characterize size and size distribution

• MFC undergoes significant physical changes depending on dispersion conditions and physical state (e.g. hornification
during drying)

• Different methodological approaches require dry versus aqueous suspensions; influences results (e.g. surface area 
measurements)
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Thank you

James Ede, Ph.D.

jede@vireoadvisors.com

CHECK OUT OUR BLOG AT: 
WWW.VIREOADVISORS.COM/BLOG
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