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Intended Uses of Cellulose Nanomaterials

Food Food Contact Cosmetics Chemical

2 \(reo Advisors, LLC




Regulatory Requirements Vary by Use and Geography

wwd

2N @

Canada

)

Health Canada

EFSA, EC ECHA

BfR, etc.
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Alliance for Food Safety Acceptance of Fibrillated and Crystalline

Celluloses (AFSAC)

* Collaborative public/private Alliance
* P3Nano

e CN Manufacturers

 Demonstrating the safety of CNs for food and food contact applications
* Pursuing regulatory authorization in markets worldwide

4 \(reo Advisors, LLC




Data for submission - dossier

e Technical
function

e Amount

e Type of
foods and
conditions

Intended use

Testing Proof of concept

e |dentity
e Migration

Chemistry

Physical chemical
analyses
Migration and
extraction testing

e Exposure
e Toxicity

Toxicology

Exposure
calculation
Safety testing
Risk assessment



\(reo Advisors, LLC

Food and Food Contact Packaging in Multiple Markets

GOAL: Physical and chemical testing plan for approval of MFCs in food and food-contact packaging applications

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

e Government



Requirements

\(reo Advisors, LLC

FDA, EFSA, BfR Food and Food Contact Packaging

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

markets

e EFSA Journal
GUIDANCE

ADOPTED: 30 June 2021

doi: 10.2903/].efsa.2021.6768

Guidance on risk assessment of nanomaterials to be applied
in the food and feed chain: human and animal health

Packaging & Food Contact Substances (FCS)

.
www.bfr.bund.defen ' ] BtR

German Federal Institute for Risk Assessment

In case of contradictions between the English and the German
version of this document, the German version shall prevail.

Guideline for the safety assessment
of substances for the manufacture of food contact materials and
articles

Status as of 01.03.2022

The fallowing information does not represent a condusively defined scope of examination. Each submitted application is examined
individually according to the current state of knowledge, which may resuit in additional claims.

Regulatory Cross-walk

Food Code

U.S. Public Health Service

DY U.S. FOOD & DRUG

ADMINISTRATION

2017

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service * Food and Drug Administration

College Park, MD 20740
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FDA, EFSA, BfR Food and Food Contact Packaging

Requirements

Regulatory cross-walk to develop physical-chemical characterization requirements for food and food contact

applications in key markets

Size/Morphology

Nanoscale Fraction

Elemental Analysis & Surface Chemistry
Surface Area

pH

Crystallinity

Impurities

Reactivity

Molecular Weight

Degree of Polymerization

Solubility and Partition Coefficients

Density and Pour Density

Melting Point, Boiling Point, Specific Gravity
Dustiness

Hydrogen Bonding

Hydration
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Physical-chemical Subcommittee

Relevant endpoints for MFCs

Industry

Unigue pchem considerations for MFCs

Methods and standards for pchem
endpoints

Academia Government

Develop final pchem testing plan
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Physical-chemical Characterization Strategy: Read Across

e Raw materials:

1. Five industrial MFC

2. A non-commercial MFC (RefMFC)

e Produced by the University of Maine Process Development Centre

3. Two MFCs already found in food

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

4. Reference microcrystalline cellulose (RefMCC)

5. Reference conventional cellulose (RefCC)

e Methods:

1. All materials were characterized side-by-side.

10
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Example: Size and Morphology

e Primary particle size, size range, and number size Average and

distribution (tWO methods, one being EI\/I) Scanning Electron Microscopy Recommended d|§tr|but|on of fiber
. . . for nanoscale width

e Secondary particle size, size range and number resolution

size distribution (two methods, one being EM) Laser Diffraction Commonly used in

e Information on physical form food science
e Microfibril length distribution

e Particle/agglomeration size

e Microfibril diameter distribution

Fiber Analyzer Recommended for microscale resolution

Recommended for macroscale

Light Microscopy resolution

11
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Example: Size and Morphology

e Microfibril length distribution Average and
e P3 rticle/agglomeration size Scanning Electron Microscopy Recommended distribution of fiber

) et - .. ) for nanoscale width
e Microfibril diameter distribution resolution

e Primary particle size, size range, and number size leser B e i Commonly used in
distribution (two methods, one being EM) food science

e Secondary particle size, size range and number
size distribution (two methods, one being EM)

e Information on physical form

Fiber Analyzer Recommended for microscale resolution

el ¥ Ferasesiay Recommended for macroscale

resolution
Transmission Electron Microscopy High resolution SEM is preferable
Dynamic Light Scattering LD is a better alternative

Confocal Microscopy; Atomic Force

. Redundant testin
Microscopy &

12
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Example: Size and Morphology

lI,_|ght Mlcroscopy - - “ Laser Diffraction

RefMFC

‘olum e Density (%)
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Example: Size and Morphology - Finest Fraction

Regulatory requirements Recommended Testing

. T Aim to show (i) no/limited free
e Nanoscale 'fraction' of samples, If individual Jhiey

Fractionation by centrifugation and nanoscale fibrils; (ii) similar ‘nanoscale
nanoscale fibrils present then studied by atomic force fraction’ present in conventional
microscopy (AFM) celluloses already approved for
food/contact

e Method:

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

2. AFM to characterize average fiber length and width in finest fraction.

’[ Supernatant ]

100 g o - . _
dispersion Homogenization |~ Centrifugation Dry @105°C _ Weigh dry contents Calculate
(1.7 g/L) overnight fine fraction

‘{ Precipitates }
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Example: Size and Morphology - Finest Fraction

Regulatory requirements Recommended Testing

. e g . . ; . Aim to show (i) no/limited free
! ! Fractionation by centrifugation and o iy e
e Nanoscale 'fraction' of samples, If individual ionation by ifugati nanoscale fibrils; (i) similar ‘nanoscale

T then studied by atomic force . . .
nanoscale fibrils present udiec by atom fraction’ present in conventional

microscopy (AFM) celluloses already GRAS

e Method: Mechanical fractionation by sieves Limited access to equipment;

) ) i . o and membranes No longer commonly used
1. Centrifugation protocol to isolate smallest fibers and fibrils (wt. %).

2. AFM to characterize average fiber length and width in finest fraction.

’[ Supernatant ]

100 g o I .
dispersion Homogenization |~ Centrifugation Dry @105°C _ Weigh dry contents Calculate
(1.7 g/L) overnight : fine fraction

‘{ Precipitates }
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Example: Size and Morphology - Finest Fraction

Sample Finest Fibril length Fibril width (nm) Notes
Fraction (%) (m)
REfMCC RefMFC 3+0.6 1.76 £1.32 52.8+19.1

RefMCC 74.1t6.1 0.26 £0.09 46.6 £12.1 Separation challenging

RefCC 7+15 N.A. N.A. The upper phase
contained visible fibers.
No fibrils in AFM image

RefCC

2.0 um
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Endpoints Not Relevant for MFC

Regulatory requirements

e Require hydrogen bonding

e 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)

e Require melting point, boiling point and
specific gravity

e Dustiness for dry powders

Solubility and Partition
Coefficients

Density and Pour Density

Melting point, boiling point,
specific gravity

Dustiness

Hydrogen bonding

Cellulose anticipated to be insoluble at
pHs relevant for food applications

Literature values are available for cellulose

e Several endpoints not applicable (e.g.
boiling point)

e Literature values are available for
cellulose

Not applicable since MFC is agueous
gel/cakes

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

1/
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GEHEES

* 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 agueous suspensions; influences results (e.g. surface area
measurements)

18
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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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