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Update on Food Safety Study/Alliance

Functionalized CN Toolbox: synthesis, characterization and safety testing

Characterization challenges and ideas
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ENVIRONMENTAL HEALTH AND SAFETY EHS ROADMAP — CELLULOSE NANOMATERIALS
LIFE-CYCLE RiSK ASSESSMENT (LCRA)
METHODS AND DATA 2013-PRESENT

LCRA Assess occupational, consumer, environmental impacts [ROADMAP]

Create industry partnership, data sets demonstrating safety of unmodified CNF/CNC
across’ methods to untested forms

___________________________________

Shatkin, J.A. and B. Kim. (2015) Cellulose Nanomaterials: Life Cycle
Risk Assessment, and Environmental Health and Safety Roadmap

Environmental Science: Nano, (2):477-499. DOI:

10.1039/C5ENOOO59A 3 \4’ eo AdViSOI’S, LLC



FOOD/SAFETY STUDIES CO-
FUNDED BY INDUSTRY PARTNERS
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STRATEGY: ALTERNATIVE TESTING STRATEGIES
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Ede, J.D., Ong, K.J., Mulenos, M.R., Pradhan, S., Gibb, M., Sayes, C.M., Shatkin, J.A. (2020). Toxicology Research, 9(6): 808-822.

BAYI (j R Pradhan S.H., Mulenos M.R., Steele L.R., Gibb M., Ede J.D., Ong K.J., Shatkin J.A., and Sayes C.M. (2020). Toxicology Research, 9(3):
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CELLULOSE NANOMATERIALS FOOD SAFETY STUDY

Animal Studies 13 Cell-based Studies 23
Study Result Endpoint Result
Acute Oral Rat Toxicity
7-day Oral Toxicity NO ADVERSE EFFECTS | Cytotoxicity In Co- NO ADVERSE EFFECTS
(OECD TG 407) Culture Model
14-day Oral Toxicity NO ADVERSE EFFECTS | Barrier Integrity Over ~ NO ADVERSE EFFECTS
(OECD TG 407) 7-days
Sub-chronic Oral Rat Toxicity Oxidative Stress NO ADVERSE EFFECTS
90-day Oral Toxicity NO ADVERSE EFFECTS | Inflammation NO ADVERSE EFFECTS
(OECD TG 408)
« CNC & CF behave similarly to * CNs behave similarly to conventional
conventional cellulose and raises no cellulose - supporting evidence for use in
safety concerns when used as a food food;

ingredient at 4% of diet;

 Baseline measurements for examining
« GRAS status (FDA) allows use in food potential impact of future
and food contact applications. functionalizations on toxicity.

10ng, K.J et al. (2020)
2 Pradhan et al. (2020)
3 Ede et al. (2020)

6 \(reo Advisors, LLC



Toxicokinetics rat study — Results (ADME)
with U Maine PDC MFC in Commercial Lab

Mass balance Cumulative recovery (% dose)
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MFC is similar to cellulose used in food

2. Size/Morphology: Micro Scale SEMs

Commercial Cellulose Commermal MCC
- R 5

Ref MFC ~ MFC Ketchup MFC Nata deCoco

mv.,,% _.V/}

Ref MFC is from U Maine PDC.
MFC has a morphology composed of fibers with varying lengths and widths that form a
complex webbed and entangled network.

8
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MFC is similar to celluloses long used in food

2. Size/Morphology: Micro Scale

| l o
] _;: -; < L
= —_ ar 56
i BAFEC FAFS FAFC FMMata Soomer. L= T Feelf BAFS FAFS RAFT Mats o S e Ref MFEC M EC MEC Comm. Comim.
1 P L= JT T Ty AL L 1 ] Fol ST e =t (R P A ples Ketchup MNata Cellulose MNCC
Dynamic image analysis: Average fiber Dynamic image analysis: Average fiber width Laser diffraction: Dv(50) (um)
length (um) (um)

Ref MFC is from U Maine PDC, in
The average fiber lengths and widths of MFC are in the range of celluloses
already used in food (in orange). o

\(reo Advisors, LLC



MFC is similar to cellulose in food

3. Size/Morphology: Finest Fraction

e Centrifugation protocol to 4}4
isolate smallest fibers and
fibrils (wt. %) l’

e Atomic force microscopy to
characterize average fiber
length and width in finest Average fiber length (um) finest
fraction . fraction

e MFC has a lower percentage of
fine fibers than cellulose a

R anil RAFEC rRAFEC Convveewy, AT

already used in/present in il
food. Weight % finest fraction — 1

e The finest fraction of MFC has
fibers and fibrils with similar
lengths and widths to cellulose
already used in/present in
food.

026

I Ref MFC MFC Kotch up Comm. MCC

3%[5 416

Ref narc MIMC Ketchup Comm. MCC

- Average fiber width (nm) finest
fraction

\(reo Advisors, LLC




AFM Shows the isolated finest fraction similar to celluloses
from fruit fiber long used in food

L

MFC Ketchup

3. Size/Morphology: Finest Fraction et

Commercial MCC
£ e I

* Centrifugation protocol to isolate smallest
fibers and fibrils

e Atomic force microscopy to characterize
finest fraction

« The finest fraction of MFC has fibers witha
similar morphology to celluloses already
used in/present in food.

=15.0 nm

2.0 pm

U Maine
MFC

2.0 ym 2.0 ym

2.0 pm
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Validation of method (representative
MFC, these are not notified materials)
a) Representative image of MFC (finest

b) Image of 0.15 wt% MFC, finest

c) Image of 1:5 dilution of 0.15 wt%

Detection of discrete fibrils in extract m
Atomic Force Microscopy (AFM)

Centrifuge sample to separate _Aoplying the
smallest size fraction "

Spincoat
Image with AFM

Goal is to identify discrete fibrils in
extract

Rotating Drying

fraction not separated)

fraction separated — fibrillar material
detected

MFC, finest fraction separated

\ﬁreo Advisors, I__L(i2



(nm)

10

AFM Images of industrial material food contact extracts

Goal is to evaluate whether the extract contains any individual, discrete fibers

* Results: None of the extracts contain discrete microfibrils. Extracts are composed of aggregated,
tangled MFC, with no presence of discrete fibres or microfibrils in any of the extracts

(Representative images — no fibrillar material detected)
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FOOD SAFETY STUDY MATERIALS

IN ANIMAL TESTS

Novel forms Conventional/GRAS
e UMaine CNF (cake) e Commercial Cellulose
e Hardwood CNC (powder) (SolkaFloc)

PCHEM/ALTERNATIVE TESTS

e UMaine CNF Testi

 Hardwood CNC estlng“strategy ,
_ . allows “read across

e 6 industrial CMF/CNF from animal to

e Conventional cellulose alternative testing

14 \A‘eo Advisors, LLC



Safer by Design Toolbox Development

CN EHS

Physical chemical
characterization

ol Industrial CNF

Functionalization Collaborators

James Ede, Angel Precious Eger, Brian Zhang \A—eoAdvisors, LLC
You-Lo Hsieh, Mengzhe Guo, Ben Pingrey N

Christie Sayes, Amanda Zevcik, Clancy Collom ' OR

Nicole Stark, Robert Moon, Forest Products Lab UXIVERS
P3Nan0 “U.S. Endowment

for Forestry and Communities

In vitro inhalation
safety assessment

In vitro ecotoxicity|
safety assessment

Physical chemical
characterization




Tool Box Development Goals

1. Generate standardized safety methods and

data sets for CNs

 Methods development

* Working toward standard test methods &
regulatory acceptance

2. ‘Read-across’ toxicity testing strategy for
industrial and functionalized forms of CNs

1. Continue to develop ‘Safer-by-Design’

Toolbox for next generation CN materials

o Commercially-relevant forms

* Promote CN safety and regulatory acceptance for
applicationsin food, food contact, cosmetics, etc.

\(reo Advisors, LLC



INTERDISCIPLINARY APPROACH TO SAFER BY
DESIGN TOOLBOX

\(reo Advisors, LLC
Safer-by-Design . Life-cycleRisk
Priority CN A
Functionalization Toolbox ‘. naiysis
Development and

Y Outreach (Vireo)

Rationally
‘ Designed
- Synthesis CNs

UCDAVIS Gt

Variable CN Shape
Chemistry Charge

% ‘ Baylor University

3 U.S. Endowment
P°Nano “ for Forestry and Communities \4’ eo Advisors, LLC



Life Cycle Risk Analysis

Application of Toolbox to Demonstrate Safety of Priority

Commercial CN Forms and Applications
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CNF Food Additive
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Toolbox Methods & Data Development

Methods and data \ 1st generation of

to evaluate safety Physical Chemical modified CNs:
of CNs forms: ATS Safety Testmg
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1. Status of Toolbox
Development

2. Overview of Toolbox
(About Toolbox;
Experimental Overview)

\(reo Advisors, LLC
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Status of Toolbox Development
Overview of Toolbox (About
Toolbox; Experimental
Overview)

Synthesis and Physical
Chemical Characterization
Methodologies

Oral, Dermal, Inhalation Toxicity

Methodologies
Physical Chemical Database

P3Nano £}

U.S. Endowment
for Forestry and Communities

Physical Chemical Characterization of Functionalized cellulose nanofibril (CNF)
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USDA Forest Service
—-_’ U.S. DEPARTMENT OF AGRICULTURE ﬁ_‘

BAYLOR.

LIVERESITT

P3Nano “ U.S. Endowment

for Forestry and Communities

ORAL TOXICITY DATABASE
. Status of Toolbox Development

. Overview of Toolbox (About s
Toolbox; Experimental

Overview) E— i i ki
. Synthesis and Physical e \ f . i Il‘ | _
e [

d

Chemical Characterization
Methodologies
. Oral, Dermal, Inhalation
Toxicity Methodologies T
. Physical Chemical Database C— :
. Safety Database 1
1. Oral Toxicity |

2. Dermal Toxicity (In F_@— '. -
e
IE—

Progress)
3. Inhalation Toxicity (In
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Video Toolbox Demonstration

B

STATUS ‘ In Progress  On Hold Not Started = Overdue

FUNCTIONALIZATION TOO

)LBOX STATUS UPDATE

DATE

DESCRIPTION STATUS Comment START DATE COMPLETED

Worksheet

Experimental Overview

Methods of Pchem. Characterization

Characterization of

Task 1 Pristine CNFs MI/DD/YY MIM/DD/YY
Characterization of

Task 2 Simulated digested MM/DD/YY | MMM/DD/YY
CNFs

Task 3 ;2?: shsscoption MM/DD/YY | MM/DD/YY

Task 4 MM/DD/YY | MMM/DD/YY

Task 5 MI/DD/YY MIM/DD/YY

~ Methods of Oral fox. Characterization
Stagus Update Experimental Overview [l O
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Regulatory Definitions for Nanomaterials

» European Commission (EC) adopted new regulatory definition of a nanomaterial in 2022; replacing/updating the
2011 definition

1) It consists of solid particles

2) 50 % or more of its constituent particles fulfil at least one of the following conditions:

e One or more external dimensions of the particle are in the size range 1 nm to 100 nm

 The particle has an elongated shape, such as a rod, fibre or tube, where two external dimensions are smaller
than

1 nm and the other dimension is larger than 100 nm

 The particle has a plate-like shape, where one external dimension is small- er than 1 nm and the other
dimensions are larger than 100 nm

The EC NM definition specifies one additional property, the volume specific surface area (VSSA), which can be

used to demonstrate that a given particulate material is not a nanomaterial. The corresponding exclusion criterion

is a VSSA of less than 6 m2/cm?3.

« Determining if MFC meets this definition is difficult; complex morphology makes measuring external dimensions
difficult; no consensus on terminology for MFC (e.g. external vs internal dimensions)

\(reo Advisors, LLC



Regulatory Definitions for Nanomaterials

Joint Research Centre (JRC) released 2023 guidance

on implementing EC Recommended Definition of

Nanomaterial

Clarifies concept of external dimension for complex

morphologies and Includes guidance on measuring

number-based external dimensions of particulates
* Minimum Feret diameter: minimum distance

between two parallel tangents

 Maximum inscribed circle: diameter of largest circle
that fits inside

\(reo Advisors, LLC
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Guidance on the implementation of the
Commission Recommendation 2022/C 229/01
on the definition of nanomaterial




Regulatory Definitions for Nanomaterials

MAXIMUM
INSCRIBED
CIRCLE

Feret
« Joint Research Centre (JRC) released 2023 guidance ' nin

on implementing EC Recommended Definition of
Nanomaterial
« Clarifies concept of external dimension for complex
morphologies and Includes guidance on measuring
number-based external dimensions of particulates
« Minimum Feret diameter: minimum distance
between two parallel tangents
« Maximum inscribed circle: diameter of largest
circle that fits inside ‘envelop’ of particle

\(reo Advisors, LLC
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Regulatory Definitions for.Nanomaterials
« Joint Research Centre (JRC) relea§eq 2023 guidance \*\
on implementing EC Recommended Définition of N
Nanomaterial . N
» Clarifies concept of external dimension for corhpl\ex N

morphologies and Includes guidance on measurir‘lg\
number-based external dimensions of particulates \\
 Minimum Feret diameter: minimum distance >
between two parallel tangents S
« Maximum inscribed circle: diameter of largest N
circle that fits inside SN
 Approach for determining if MFC meets EC N
Recommended definition? N
« TEM/SEM/AFM + manual measurements N

\(reo Advisors, LLC N



Next Steps
Safety & Functionalization Work

1. Regulatory submissions
2. Publish ADME Study & PCHEM data

3. Standardize characterization methods

. Publish methods and data sets

. Publish Safety findings

. Data structure for toolbox

. Additional synthesis methods & characterization

. Standardize characterization methods

\Kreo Advisors, LLC



Needs

Technical Regulatory
e Advancing read across/grouping  ° Acceptance of alternative methods
e Standards development e Understanding of impact/importance
_ Characterization to forest bioeconomy
— Toxicity methods for multi-scale * Soft advocacy
materials

e Support to address outstanding
guestions

\(reo Advisors, LLC
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