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The scope of the phrase “dietary substance for
use by man to supplement the diet by increasing
the total dietary intake” as used in DSHEA



FOA

Dietary Ingredients as listed in DSHEA

FD&C Act Sec 201(ff) The term “dietary supplement” —

(1) means a product (other than tobacco) intended to supplement the diet that bears or contains one
or more of the following dietary ingredients:

(A) a vitamin;

(B) a mineral;

(C) an herb or other botanical;

(D) an amino acid;

(E) a dietary substance for use by man to supplement the diet by increasing the total dietary intake; or

(F) a concentrate, metabolite, constituent, extract, or combination of any ingredient described in clause (A),
(B), (C), (D), or (E);



Working Definition

e Sec 201(ff)(1)(E): Dietary Substance

— “Dietary substance for use by man...”

* A substance that is commonly used as human food or drink

— “...to supplement the diet by increasing the total dietary intake”

* further evidence it is intended to mean foods and food components that
humans eat as part of their usual diet

— Use as a dietary supplement doesn’t make something a dietary
substance



FOA

Public Meeting to Discuss Responsible
Innovation in Dietary Supplements

May 16, 2019

Session 1: The scope of dietary ingredients under DSHEA
Session 2: Understanding exceptions to the NDIN requirement
Session 3: Comparative perspectives from other regulatory
systems

Session 4: Promoting compliance with the NDI notification
requirement

Session 5: Open public comment
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DSHEA envisioned a
dynamic dietary
supplement market
with a role for
innovation

“Nutritional
Dietary
substance...”

Commentary from 2019

If “dietary substance” only
includes substances already
present in foods, then nothing
new can get in under this prong

The exact wording
that is used in the
statutory language is
important

As legislation goes,
DSHEA is relatively
short, but its
provisions are there
for areason

FOA

It’s time to
modernize the approach to
synthetic compounds that are
used in dietary supplement
product regardless of their
source



FOA

Public Meeting Exploring the Scope of Dietary
Supplement Ingredients

March 27,2026

Session 1: The scope of the phrase “dietary substance for use by
man to supplement the diet by increasing the total dietary
intake” as used in DSHEA

Session 2: New methodologies to produce existing dietary
ingredients

Session 3: Identity attributes for ingredient types such as
proteins, enzymes, and microbials

Session 4: Open public comment

# vr P de#
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Session 1 Goals

Panel makeup
— Jensen Jose, Center for Science in the Public Interest
— Daniel Fabricant, Natural Products Association

Meaning of the phrase “dietary substance for use by man to
supplement the diet by increasing the total dietary intake”

How emerging ingredient types fit within the dietary
supplement framework
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: FDA
Does the source of a Qu eStlonS

dietary substance
matter? Does “dietary
substance” include
substances that have
never been part of

the human diet? Does it matter if a substance is
both naturally present in foods
Can any ingredient be and also present as
a dietary supplement? environmental contaminants?
Are there limits to
what the category
encompasses?
Does this provision
depend on the
production What happens when you
method? produce existing dietary

ingredients in a new
environment?



FUA

Potential

* Ensuring robust safety oversight
 Removing unnecessary barriers to innovation

e Statutory language

— adietary substance for use by man to supplement the &
diet by increasing the total dietary intake
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MEETING | MIXED

Public Meeting Exploring the Scope of Dietary
Supplement Ingredients

MARCH 27, 2026

Session 1: The scope of the phrase “dietary substance for
use by man to supplement the diet by increasing the total
dietary intake” as used in DSHEA

Jensen N. Jose, JD
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Question Posed by FDA:

Should “dietary substance™ include substances that were never part
of the diet?

Public Feedback Questions

1. What is your view on whether the phrase “dietary substance for use by man to supplement
the diet by increasing the total dietary intake,” as used in DSHEA, can include substances
that have never been part of the diet?

https://www.fda.gov/media/191569/download
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Legislative Intent: Industry View

* Israelson (United Natural Products Alliance (UNPA)):
* “the Conversation comes down to the definition.”

» “DSHEA was intended to be expansive.” New’
* Ventura (Council for Responsible Nutrition (CRN)): .
. . Is FDA ing the long-shut DSHEA ‘i tion door'?
o “[CRN] will urge the agency to stay faithful to ittt novation door

D H S E Al H t tn The upcoming public Food and Drug Administration (FDA) meeting
S I n e n exploring the scope of dietary supplement ingredients will revisit one of
the most contested and, according to DSHEA' architects, most

@) ”OUF |OngStandlng pOSItIOn |S that ldleta ry misunderstood phrases in the U.S. dietary supplement law.
substances’ are not limited to ingredients with o i v i S
prior use in conventional food, but include a

wider range of innovative substances”
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https://www.nutraingredients.com/Article/2026/03/23/is-fda-opening-the-longshut-dshea-innovation-door/?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.nutraingredients.com/Article/2026/03/23/is-fda-opening-the-longshut-dshea-innovation-door/?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright

Legislative Intent: Senate

“[Elncompass those substances which have been isolated from the food supply”

P. 34.
103D Co RE] : « e, . .
92 Sessivn SENATE 103 410 e “The definition is intended to

encompass all those substances
and materials that are presently
contained in dietary supplements

DIETARY SUPPLEMENT HE[?IngTi{ AND EDUCATION ACT OF as We” as Substance derlved from
foods.”
OCTOBER 8 (legislative day, SEPTEMBER 12), 1994.—Ordered to be printed e “This last section is meant to
encompass those substances which
Mr. HATCH, from the Committee on Labor and Human Resources, have been |SO|atEd from the fOOd
submitted the following supply and are being provided to
REPORT increase the total dietary intake by

supplementing the diet.

Senate Committee Report. DIETARY SUPPLEMENT HEALTH AND
EDUCATION ACT OF 1994, 103 S. 103 S. Rpt. 410. P. 34.
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Legislative Intent: Senate

SECTION 3. DEFINITION OF DIETARY SUPPLEMENT; EXCLUSION FROM
DEFINITION OF DRUG OR FOOD ADDITIVE

Section 3 amends the act to add a new paragraph (ff) which for
the first time defines dietary supplement. First, a dietary supple-
ment must be a product “intended to supplement the diet by in-
creasing the total dietary intake”. The definition is intended to en-
compass all those substances and materials that are presently con-
tained in dietary supplements as well as substance derived from
foods. Thus, a dietary supplement must bear or contain one or
more of a vitamin, a mineral, an herb or other botanical, or amino
acid or another dietary substance for use by man to supplement the
diet by increasing total dietary intake.

This last section is meant to encompass those substances which
have been isolated from the food supply and are being provided to
increase the total dietary intake by supplementing the diet. In ad-
dition, concentrates, metabolite, constituents, extracts, or combina-
tions of the items previously described may be included in a dietary

sunnlement.

g CENTER FOR Senate Committee Report. DIETARY SUPPLEMENT HEALTH AND EDUCATION ACT OF 1994, 103 S. 103
¥ Science IN THE S. Rpt. 410. P. 34. https://plus.lexis.com/api/document/collection/statutes-legislation/id/3SWR-X570-0001-
l

Public Interest  y3pc-00000-002cite=103%205.%20Rpt.%204108 context=1530671.
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Consumers'
Belief v. Trust

Nutralngredients

“DSHEA was intended to be expansive. It's about what an
individual believes is useful for their health, well-being, and
nutrition, and it's not for the government to decide. The
government’s role is to look at this from a question of safety.”

Figure 2
About Half of Adults Overestimate FDA Regulation of Supplements
Most users mistakenly think tests or proof of product safety is required

Survey asked: Which statement do you think correctly describes how the FDA currently
regulates supplements?

Loren Israelson (UNPA):

CENTER FOR
Science IN THE
Public Interest

Your Foed and Health Watchdog

Pew Charitable Trusts (May 19, 2021)
https://www.pew.org/en/research-and-analysis/fact-
sheets/2019/12/americans-support-requiring-supplement-makers-
to-tell-fda-about-their-products

> 48% believe dietary supplements are regulated by the
U.S. government, with most consumers incorrectly
assuming they are regulated the same as prescription
or over-the-counter (OTC) drugs.

Consumer Health Product Association (Jun 3, 2025)
https://www.chpa.org/news/2025/06/us-voters-demand-action-new-
survey-finds-strong-support-dietary-supplement-reform-0
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Dietary Supplements are a Minefield

CDPH Issues Second Consumer
Warning Not to Take Pyramid
Wholesale Sexual
Enhancement Supplements

April 9,2024
NR24-009
Contact: media@cdph.ca.gov

Additional products discovered fo contain undeclared
prescription drugs that may cause iliness, injury, or death

https://www.cdph.ca.gov/Programs/OPA/Pages/NR24-009.aspx
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Your Foed and Health Watchdog
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IN THIS SECTION ~

+ Health Fraud Scams

Health Fraud Product Database

This list includes unapproved products that have been subject to FDA health
fraud* related violations. These products have been cited in warning letters,
online advisory letters, recalls, public notifications, and press announcements
for issues varying from products marketed as dietary supplements claiming to
cure, mitigate, treat or prevent disease, to the use of undeclared ingredients

or new dietary ingredients.

This list only includes a small fraction of the potentially hazardous

products marketed to consumers online and in retail establishments. Even if a
product is not included in this list, consumers should exercise caution before
using certain products.

2,147 entries (3/26/26)

https://www.fda.gov/consumers/health-fraud-scams/health-fraud-product-database
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Expanding Scope 1s Deregulation

Dietary supplement companies are Now, dietary supplement
currently: companies:
* Not required to disclose proof of * Don’t want to show their
safety (GRAS) ingredients are in the diet
* Not required to disclose proof of
effectiveness (Substantiation) = S :

* Rarely inspected (<5%)

FDA inspects around 500 to 600 facilities annually, which is about 5%
of known facilities, according to Cara Welch, Ph.D., who oversees the
FDA Office of Dietary Supplement Programs (ODSP). She shared that

information during a conference in 2023 hosted by AHPA. |
Nl CENTER FOR https://www.supplysidesj.com/supplement-regulations/fda-increases-
{ Science N THE annual-domestic-foreign-dietary-supplement-inspections
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Concerns with Expanding Scope:

Exposing Consumers against the “Charlatans”&
Stifling Drug Innovation

p— ~ - ” .
= Ehe New ork Times S | “ By Christina Jowett
GIVETHETIMES June 5, 2025
Health Secretary Robert F. Kennedy Jr. recently declared that he
g;,?i'c;'ea"" Insidethe C.D.C.  Adviser Quits Vaccine Panel  Covid Va ¢ ary y y 2 t

Kennedy Says ‘Charlatans’ Are No

Reason to Block Unproven Stem
Cell Treatments
The U.S. health secretary said people should have

access to experimental therapies including unregulated
uses of stem cells. But some methods have resulted in
blindness, tumors and other injuries.

wanted to expand access to experimental therapies but conceded
that they could be risky or fraudulent.

In a podcast with Gary Brecka, who describes himself as a
longevity expert, Mr. Kennedy vowed to end what he called the
Food and Drug Administration’s war with alternative medicine. He
said that would include stem cells, vitamins, peptides and chelation
therapy, which involves removing heavy metals from the blood.

“If you want to take an experimental drug — you can do that, you
ought to be able to do that,” Mr. Kennedy said.

“And of course you’re going to get a lot of charlatans, and you’re
going to get people who have bad results,” he added. “And

https://www.nytimes.com/2025/06/05/health/kennedy-stem-
cells-experimental-treatments.html

CENTER FOR
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Public Interest
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ultimately, you can’t prevent that either way. Leaving the whole
thing in the hands of pharma is not working for us.”
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Exposing Consumers Against Unsafe Ingredients

e Through GRAS, any chemical can | “Historically, FDA has forced

become a dietary ingredient industry to take the circuitous
without FDA knowledge route of seeking GRAS status for

ingredients first before
qualifying as dietary ingredients

* Industry will still use GRAS to when a direct route provided by
get ingredients without FDA the NDI notification would have
review been more efficient.”

-Jeff Ventura (CRN)
Is FDA opening the long-shut DSHEA ‘innovation door’? Opens in new
vf CENTER FOR window
\:‘ J ?;}gﬁéi&%g%t 23-Mar-2026 by Stephen Daniells
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Expansion of Scope Will Not Fix
the Non-Dietary Ingredient Problem

* Non-dietary ingredients put some supplements in regulatory “limbo”

* However, many supplements:
o include other dietary ingredients
o fail the definition of dietary supplements due to non-ingredient issues (e.g.,

labeling)
\ 4L o= ) we -
FDA urged to crack down on
Letter to FD A re: Sales Of marketers of illegal drug
° X . phenibut in supplements and

unapproved drug tianeptine other products

| Updated: August 25, 2020 i
\) ¥ Science N THE :
V Publicllnteres https://www.cspi.org/resource/letter-fda-re-sales- https://www.cspi.org/press-release/fda-urged-crack-down-

Your Food and Health Weatchdog

unapproved-drug-tianeptine marketers-illegal-drug-phenibut-supplements-and-other-products
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Recommendations:
Build Consumer Trust in FDA Oversight

* GRAS:
* Require NDINs
* Require greater disclosure of safety data for GRAS ingredients on the
market
* Claims:
* Increase monitoring and enforcement
* More guidance on Structure/Function Claims and substantiation
* Require disclosure of evidence supporting claims

* Drug innovation: Focus on safety and effectiveness of evidence-based
medicine
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(y Science IN THE
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DSHEA works, including twin pillars of giving FDA tools to
protect consumers from harmful products and promoting
wide access to supplements. No need for major statutory
overhaul. The law allows for flexibility in technological
ingredient advances and industry growth.

Address dietary supplement definition issue in DSHEA,
“dietary substance for use by man to supplement the diet
by increasing the total dietary intake." This is open for
broad interpretation, consistent with the intent of
Congress to promote broad consumer access to safe
supplements that promote health.

Future of industry. Address three pillars:

(A) Need for definitional flexibility (B) Clarity/reform of
drug preclusion clause (C) Preemption of state/local
laws and need for uniform federal regulatory framework
so FDA can effectively do its job.




Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Session 1:
Q&A

30



Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Currently on break
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Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Session 2:
New methodologies to produce existing dietary ingredients

Moderator: Phil Yeager, Director of Research and Evaluation, ODSP, HFP, FDA

Panelists:

2.1 Weslee Glenn, Vice President of Innovation, Ayana Bio

2.2 Duffy MacKay, Sr VP of Dietary Supplements, Consumer Healthcare Products Association

2.3 John Deaton, VP of Science and Technology, Biohm Technologies

2.4 Tony Pavel, Partner, Keller and Heckman LLP

2.5 Frank Romanski, Global VP of Strategic Growth & Revenue Management, Lonza Capsules & Health Ingredients
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Session 2: New methodologies to produce existing dietary

ingredients
Public Meeting: Exploring the Scope of Dietary Supplement Ingredients
Phil Yeager, PhD, |D, DABT, CHRC
FDA/HFP/OFCSDSI/ODSP Director of Research and Evaluation
Friday, March 27, 2026
College Park, MD




Session 2: New methodologies to produce existing dietary ingredients

This panel will discuss production technologies that are being applied to the
science of dietary supplements, including synthesis, precision fermentation,
cell culture technology, and recombinant production, and how these
scientific and technical advancements intersect with dietary ingredient
production to inform our assessment.

www.fda.gov

34



Synthesis: creation of a new compound through
chemical reactions.’ FDA

Cell culture

technology:

growing cells in a Production
:;’t:‘ftl:?;lled Technologies
environment.?2 Relevant to
These can be Dietary

natural cells or
cells that have
been genetically
modified using
recombinant

Supplements

1 Merriam-Webster Dictionary

teCh nOlOgy tO 2 NCI Dictionary of Cancer Terms
https://www.cancer.gov/publications/dictionaries/cancer-

p ro d uce terms/def/cell-culture (The growth of microorganisms such
as bacteria and yeast, or human, plant, or animal cells in

g the laboratory)
S 0 m eth I n g t h ro u g h 3 https://gfi.org/fermentation/;
. . https://www.genome.gov/genetics-glossary/Recombinant-DNA-
precision Technology

fermentation.
Precision fermentation/recombinant production: Genetic modification of yeast, fungi, or other bacteria to be a

cell factory and produce specific ingredients. (focus: recombinant production focuses on the upstream changes
to the organism’s DNA, while precision fermentation focuses on the downstream fermentation of the modified

. . 35
organism to produce the final product).?
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Synthesis: Weslee Glenn, Duffy MacKay, John Deaton,
Tony Pavel, Frank Romanski

Cell culture Production
technology: Technologies
Weslee Glenn, Rel tt
Duffy MacKay, D.e (Evan ?
letary

John Deaton,
Tony Pavel,
Frank Romanski

Supplements

Precision fermentation/recombinant production: John Deaton, Tony Pavel, Weslee Glenn

endogenous
( g ) -



Session 2 Theme: How different methodologies impact the FDA
characteristics or attributes of an ingredient.

What characteristics can equate or distinguish What analytical information is sufficient
an ingredient made by different methods? to characterize these attributes?

What analytical information is sufficient to
show that production organismes, residual
components, or unexpected byproducts has
been sufficiently removed from a proposed
NDI?

What level of modification
of a dietary substance
creates a new ingredient?

What level of modification of a dietary
substance creates a new ingredient?

) What attributes
What attributes

PP . What role should the production distinguish synthetic or
distinguish ingredients . . .
organism's regulatory status (e.g., recombinant versions of
produced through s . o - -
. . . GRAS, food additive approval) play in 3 biological molecules
s precision fermentation . . .
N determining whether the G2 (e.g., peptides,
O or cellular . . . . .
. . fermentation-derived ingredient proteins, enzymes)
agriculture from their e re . .
qualifies as a dietary substance? from their naturally

naturally occurring

- ts? * occurring counterparts?
counterparts:

*e.g., explanation of the modification to production organism, sequencing

information, information on the identity of the production organism,

purification process



Session 2: New methodologies to produce existing dietary ingredients

2.1 Weslee Glenn, Vice President of Innovation, Ayana Bio

2.2 Duffy MacKay, Senior Vice President of Dietary Supplements, Consumer Healthcare Products
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2.3 John Deaton, Vice President of Science and Technology, Biohm Technologies

2.4 Tony Pavel, Partner, Keller and Heckman LLP

2.5 Frank RomanskKi, Global Vice President of Strategic Growth & Revenue Management, Lonza
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Moving beyond
"harvest and fix" with
olant cell culture

Weslee Glenn, Ph.D.
VP of Innovation
March 27, 2026
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M AYANABIO

Botanical ingredients are mostly made in two ways




J® AYANABIO

botanical products (like saffron) vary by region...

Ardabil
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i h
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Kohgiluyeh
and Boyer-Ahmad ; Sistan and
Baluchestan
Bushehr Hormozgan

..even ones near each other



M AYANABIO

But data can teach us the determinants

e e r ™

Number of Average
Flower Stigma Crocin Relative Winter High Summer High AnnualFrost  Average Annual Annual
Location Yield Yield Content | Altitude Humidity Temperature Temperature Days Temperature Rainfall
Village gm-2 gm-2 | percent(%)| (m.as.l) (%) (°C) (°C) days (°C) mm
Shirvan 0.80 0.091 59.8 1168.33 60 252 416 107 131 226.7
Faruj 0.78 0.092 54.9 1207.33 57 23.0 41.5 89 126 243.6
Zavareh 0.69 0.081 63.9 1370.33 45 240 41.0 89 14.5 245.0
Torbat-e Heydarieh  0.83 0.098 69.3 1323.33 45 246 40.6 88 14.3 246.2
Ghayen 0.63 0.081 52.3 1768.33 40 27.2 42.0 88 14.7 161.0
Birjand 0.79 0090 \ 399 ) 1812.66 35 21.5 \ 430 71 16.5 147.4
FlowerYld  StigmaYld [Safranal] [Picrocrocins] [Crocinsg]
Relative Hum|d|ty 0.25 0.28 0.18 0.22 0.31
Winter High Temp -0.38 -0.21 -0.27 0.05 0.29
Summer High Temp -0.37 - -0.12
No. Frost Days 0.04 0.02 0.04 0.22
Avg annual Temp 0.12 0.15 -0.09 -0.25 -0.38

Italian Journal of Agrometeorology (2): 43-55, 2021



Farmed plants # wild-crafted ones

. 8 .
cultivated wild 4 Oleanane-type
% 5 * Ocotillol-type

-G—J-. * Protopanaxadiol-type
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= il More abundant in More abundant in
cultivated wild-crafted
Image Credit: Cornell University

M AYANABIO

Why?...because growth conditions matter.

Molecules 2023, 28(1), 9, 10.3390/molecules28010009



https://www.mdpi.com/1420-3049/28/1/9

J® AYANABIO

"Harvest and fix' tries to correct at the finish line

Extracts standardized to a few
compounds

Solvents, heat, etc.

Itay Dana (Novella), Why I’'m Done With “Harvest and Fix”: The Case for Precision Botanicals
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Can we control
composition at
the start?

Itay Dana (Novella), Why I’'m Done With “Harvest and Fix”: The Case for Precision Botanicals



Plant cell culf
controls com
at the start.

What is it?

J® AYANA BIO
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Plant cell culture in the 215t Century

Valldatlgn! <
..“.\._._._., Uf-.,\ -y
“ Productlwty

Revision

Edit medium,
bioprocess, or line ..

Comblnatorlal
Analytics

integrated muti-omics
analyses

Suspension
Culture

Parameter Matrix

Parallel media and
process parameters

Primary Screens

HTP screens & selections



M AYANABIO

Multi-omics data sets help us predict drivers

Low & High Levels of Phenolic were well
predicted by ML model

Predictive High Concentration Drivers Predictive Low Concentration Drivers
Confusion Matrix * Condition 2 (fed signaling molecule 2) » Condition 1 (fed signaling molecule 1)
Low group " + Condition 3 (fed signaling molecule 3) * Condition 4 (fed signaling molecule 4)
sample median wow * Low volume in vessel * High volume in vessel

concentration is |
almost 10x lower 3
than High group
sample median Hgh
concentration

We can improve productivity by using the
high drivers and avoiding the low drivers

Low High
Predicted %

1400
1200

1000

Test Condition 49

80

o

60

o

40

Phenolic Concentration
o

20

o



%Mass (m/DW)
N

terpene phenolic
24
A
C-3.0% B-23.4%
20
o
A-18.2%
16
B-0.9%
12
A-0.3% C-9.7%
A
1T 2 3 1 2 3
Condition

EDL S

SAGE
Traditional material known for

combination of phenolics and terpenes.

BASIL

Traditional material noted & marketed for
high triterpene content. Plant cell
cultivation also found to produce

relatively higher triterpenes.

%Mass m/DW)

terpene phenolic
A
A75% B76%
C-4.0%
A
B-2.2%
A
A-1.4% A
. C-1.6%
1 2 3 1 2 3
Condition

aisvd

We controllably produced multiple ingredient AYANABIO
compositions from a single line (twice)

50



J® AYANABIO

How do the technologies compare?

Wild Modern Farming Plant
Crafting (Soil) Cell Culture

Start 300,000 BC 18905 1902
Date
Controllable

Biomass? X \/ \/
Defined

Inputs? X X \/ \/

Controllable X X \/
Composition?

On-Demand X X \/

Production?



M AYANABIO

Just because it's grown in the ground...

...doesn't mean it is safer.



M AYANABIO

Just because it's grown in a tank...

,oroc|c—3§
e
1

o~
2

...doesn't mean the phytocomplex is novel.
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CHPA

Dietary Ingredients Under DSHEA

Restoring Congressional Intent

Duffy MacKay, ND
SVP, Dietary Supplements, CHPA




201(FF)(1) (E): ENABLES INNOVATION CHPA

Congress anticipated future developments and built regulatory flexibility
« (Catch-all language avoided statutory amendments as science evolved

« Focus on function (supplement the diet) and purpose (raise total dietary
intake), not source (part of the usual diet) or manufacturing method

DSHEA Supports Innovation
» DSHEA was not intended to prohibit:

 Advances in science, including new and evolving ingredients (NDI)

» Manufacturing changes that enhance purity, consistency, and safety

» More efficient, environmentally responsible manufacturing methods

MEANING OF 201 (FF)(1)(E) 32026 56




CHPA
DSHEA’S INTENDED FLEXIBILITY

Fish Oil/Omega-3 Concentrates Phosphatidylserine (PS)
« Status in 1994: Natural TG fish oil (20-30% omega-3) e Status in 1994: Bovine derived PS (ODI).

* Today: Concentrated, purified EE omega-3 (50-70% » Evolution: BSE concerns — chem/enzymatic
omega-3) synthesis from lecithin, soy/sunflower PS,

* Relevance: NDI review focused on safety at higher * Relevance: FDA GRAS notices soy/sunflower PS:
intake EPA/DHA, altered chemical form, not whether same substance; FA profile difference not material
Ethyl Ester fatty acids were “already in diet” to safety.

* PS evolved in source and manufacture, but not
regulatory status (identity and CAS ref) or safety

4/13/2026 57
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| MANUFACTURING
MODERNIZATION AND
REGULATORY CONTINUITY

BALANCING INNOVATION WITH CONSISTENT
REGULATORY STANDARDS




CHPA

THESIS AND REGULATORY CONSISTENCY

Food policy on synthetic vs. natural

» Manufacturing method alone does not change ingredient identity, safety, or regulatory
status.

> Safety determinations are based on finished ingredient specifications, impurities,
exposure, metabolism, and safety data—not whether an ingredient is “natural” or “in the
diet” or how its manufactured.

Long-standing FDA acceptance of synthetic versions of botanical constituents (food and

supps):

» Synthetic vitamin C vs. citrus-derived ascorbic acid

» Synthetic beta-carotene vs. carrot-derived beta-carotene
» Synthetic fibers vs. plant-derived fibers

Source and manufacture can differ, while identity and biological function do not

FDA GUIDANCE ON
MANUFACTURING CHANGES, 2014
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FOOD: CHANGES TO MANUFACTURING

GRAS and Chemical Identity
*  L(+)tartaric acid as by-product of wine making is GRAS affirmed (21 CFR 184.1099)
*  L(+)tartaric acid by enzyme-catalyzed synthesis is GRAS for same uses

* meets Food Chemicals Codex (FCC) specifications (chemically identical)

FDA review of synthetic L(+)-tartaric acid

* No new safety concerns; dietary exposure consistent with traditional tartaric acid
use.

 Direct Substitute - synthetic form retained same regulatory status (21 CFR
184.1099)

Regulatory Parity — Food and DS
» Tartaric acid is naturally present in grapes and wine = botanical constituent

Synthetic Tartaric acid could be used in DS because “present in the food supply as
an article used for food in a form in which the food has not been chemically
altered”.

FDA GUIDANCE ON MANUFACTURING CHANGES 2014 blish the safety of

e m e g e e

CHPA



CHPA

* Polydextrose: Synthetic polymer of glucose—not a natural component of
the diet.

 Affirmed GRAS for use in foods (21 CFR §184.1444)
 Used in beverages, baked goods, and supplements.

* New and synthetic non-digestible carb eligible as dietary fiber when
safety and benefit are demonstrated.

+ Safety based on chemistry, exposure, composition of finished
ingredient, metabolism, and safety data—not whether an ingredient
is “natural” or “part of the usual diet”

» FDA regulatory principles already accepts that functionally identical or
improved versions of bioactive compounds can be safe and lawful.

* |t is erroneous to exclude this opportunity for synthetic NDI's
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A SYNTHETIC BOTANICAL CONSTITUENT IS A DIETARY INGREDIENT SUBJECT TO THE
SAME NDI ANALYSIS AND SAFETY STANDARDS AS ANY DIETARY INGREDIENT

Policy Consistency

FDA has previously accepted NDI notifications for synthetic botanical ingredients
without objection

Synthetic Zeaxanthin (NDI Report No. 96)
Roche Vitamins, Inc. in March 2001

Synthetic (-)-hydroxycitric acid (NDI Report No 35)
HOB Ireland, Lt. in January 1999

2016 NDI Draft Guidance — Correction Needed

FDA must align the Final NDI Guidance with DSHEA's plain language, which does
not exclude synthetic versions of botanical ingredients from 201(ff)(1)(E)

4/13/2026 62
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MANUFACTURING METHOD INFORMS SAFETY ASSESSMENT, BUT DOES NOT
PRECLUDE EVALUATION AS NDI

Identity and Safety are Case Specific Evaluations

point, specific gravity, refractive

* Applicable ID number Contaminants

* Ingredient name » Physical properties « Source
* chemical name »  Chemical properties _ « Manufacturing Method
* common or * Specifications for properties - Quantitative composition
o T * E.g., Melting point, boiling - Impurities

index, optical rotation, pH,

* CAS Reg. No. solubility, reactivity, particle OISR
* Enzyme size, and chromatographic,
(?omm|ssmn No spectroscopic or spectrometric
« Chemical formula(e) data that can be used as a

“fingerprint” for identification.

CHIPA
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CONCLUSION

Clause (E) is a catch-all for novel ingredients not contemplated in 1994
* Notintended as a barrier to innovation

* Defined by function and purpose, not source or manufacturing method

* |fanew ornovel ingredient is:
* Intended to supplement the diet
* Intended for ingestion in supplement form(s)
» Affect the structure and function of the body

* Has not been investigated or approved as a drug (IND preclusion - race to market provisions)

 FDA should evaluate as an NDI, regardless of manufacturing method or relation to traditional diet

» Manufacturing method and source inform safety assessment, but does not preclude evaluation as
NDI

 GRAS process should not serve as a roundabout mechanism for establishing the safety of ingredients
intended for dietary supplements.

CHI”A
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Dietary Ingredients Under DSHE/
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Production of Enzymes for Food and Beverage applications

John Deaton PhD

VP of Science & Technology
Biohm



Dr. Jokichi Takamine

* 1894: Patented the first process for the industrial
production of an enzyme - Fungal Amylase

* The product became known as TakaDiastase from
Aspergillus oryzae. The first digestive enzyme!

* Licensed the marketing rights for Takadiastase,
1854-1922 mixed with peppermint, as a digestive aid to
Parke, Davis Co.

* Discovered “adrenalin” from animal glands — Today
itis called epinephrine.

*Emigrated to NYC in 1894, set up his own laboratory
(Takamine Labs).




Types of Hydrolase Enzymes

Carbohydrases Proteases

* Amylases « Animal (Pancreatic, pepsin, trypsin)

* Pancreatic * Plant (bromelain, papain, ficin, malt)

* Malt .
_ * Bacterial

* Bacterial

. Fungal * Fungal
e Cellulases and LipaseS/ESteraseS

Hemicellulases = Pancreatic

* Pectinases = Bacterial
* Other carbohydrases = Fungal

(lactase, invertase, B-
galctosidase, a-
galactosidase)



Activity

* Activity for the most part can be
defined as a measurement of
potency. Itistested againsttime
under specific controllable
conditions.

*The chemical composition of the
active and inactive enzyme is the
same.

 FCC (or USP) assays methods

* Exceptions are made when no
such assay exists or if another
assay unit is more familiar in the
marketplace (i.e. Bromelain FCC:
PU / Marketplace: GDU).
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PRECISION
FERMENTATION
PROCESS

Micro-organism

Y

Isolation of microorganism

Strain Improvement and
Production

Starter Propagation

Fermentation Raw materials

Source of C, N, P, S, minor
elements, trace elements,
growth factors, water etc

v

Media Development

Production Medium

Controls Fermenter
+ 0 . .
. p:ygen Fermenter type, stirring mechanism,
«  Antifoa size, mode of operation,
m instrumentation
* Cooling
* Heating
UPSTREAM Fermentation
DOWNSTREAM

Intracellular protein

Recovery of cells
(Centrifugation /filtration)

Disruption of cells
(Homogenisation)

Removal of cell debris

(Centrifugation/filtration)

Vv

Extracellular protein

!

Recovery of cells
(Centrifugation/filtration)

Concentration of cell free extract
(Ultrafiltration/precipitation)

Concentration of cell free extract
(Ultrafiltration/precipitation)

Ny

Final Product



Target selection
E.g., protein, lipid, pigment, vitamin

Host selection & strain

development
Host is selected for target expression and
strain functionality is optimized

Feedstock selection
E.g., sugar or industry side streams
depending on host strain and target

Fermenter design

Submerged, solid-state, or membrane
cell-recycle bioreactor

Process optimization

pH, temperature, oxygen (or no
oxygen), concentration of salt

Downstream

Pre-treatment

Separation

Concentration

Purification

Product formulation



TYPES

Short definition

Key features

Product
examples

FERMENTATION

- 0
~ Traditional
o —

i

Microbes under anaerobic
conditions convert sugars into
end-products with unique texture
or flavor properties.

3 Native or starter microbial
cultures present in the final
product

3 Uses traditional high-value
raw materials to produce the
end product (e.g., milk to
produce yogurt)

3 End product minimally or not
processed

Yogurt, bread, cheese, tempeh,
and alcoholic beverages

', Biomass

Use of rapid growth microbes to
efficiently produce large
amounts of protein rich biomass.

3 Biomass itself serves as an
ingredient

3 Uses novelinexpensive
feedstocks to produce high
value proteins (e.g.,
agriculture remains)

3 Biomass minimally or not
processed

Mycoprotein (used as a base for
whole-cut, alternative meat
products)

1 Precision

(.

Precisely designed microbes
to produce specific
functional ingredients.

3 Host usually not present in
the final product

3 Uses novelinexpensive
feedstocks to produce
high value ingredients
(e.g., byproduct to
produce proteins)

3 High purity — purification
step

Protein and Non-protein
molecules (Flavoring agents,
vitamins, pigments, fats,
antioxidants)
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) Hydroxylation
R Attaches a hydroxyl

oH —@"o!gém group (-OH) to a side

chain of a protein

ﬁ ; Methylation
ol Adds a methyl group,
Wb‘,iéﬁ usually at lysine or

arginine residues

f - Lipidation
. &%/,  Attaches a lipid, such
Oigé“ as a fatty acid, to a

protein chain

: Acetylation
“ﬁ 3 Adds an acetyl group
m ‘-g &Q to an N-terminus of a

protein or at lysine
residues

mMRNA

Ribosome
Phosphorylation & g
Adds a phosphate to ﬁ
serine, threonine or
tyrosine

f
o'

A

Glycosylation

Attaches a sugar, usually
to an "N" or "0"in an
amino acid side chain

& Ubiquitination
= Adds ubiquitin to lysine
Protein residue of a target
protein for degradation
SUMOylation . 5t
Adds a small protein ‘1 ¥ S
SUMO (small 4
ubiquitin-like modifier) o' %
Disulfide Bond f 1 to a target protein )
Covalently links the "S" 4

atoms of two different ,;;.t. %5__5“‘
cysteine residues -

i

S5k,




Concentration Identity Purity
* Protein Assay {Lowry, Kjeidhly * M-termmnal Sequence L« RP-HPLC
« Cuantitative Amine Acid Analysis * Peptide Mapping * (gl permeation Chromatography
+ LUNV-Vis Spectroscopy * Specific Bioassay + SD5-PAGE (Silver staining)
= ELISA * Isoelectric Focussing * Field Flow Fractionation

| » Contaminant-speeific ELISA
* Multiantigenic ELISA

* Immunoblot

Structure/Sequence
« Meand C-Termini
« Amino Acid Analysis

: , : » DMA-Assay
* Peptide Mapping and Sequencing A q;ﬂ}
. s
* Carbohydrate Analysis
* Mass Spectroscopy SR . o

» Disulfide Linkagz : : .
iculsids Linkags *  Circnlar [ichroism + Isoelectric Focussing

Size » X-Ray Diffraction * Chromate Focussing
* Electrophoresis * FTInfrared = lon Exchange Chromatography
» (el permeation Chromatography = NMR Spectroscopy '
* Field Flow Fractionation * Raman Spectroscopy Activity
« Ultrafiltration * Epitope Dretection = Bioassay in-vive, in-vitro

« Light Scattering » Specific Binding * Specific Binding Assay




HOST

PROS

CONS

Bacteria

Prokaryotes — easier to manage

Faster generation time than other hosts
Many available molecular tools facilitating
high yield

Have plasmids, the expression vectors
integrated independently of host genome

Genetic drift — higher mutation rates due to the
fast generation time

Bad public perception (E. coli, the main model
for engineering considered pathogen)

Yeast

Eukaryotes — more robust than bacteria
(tolerate wider range of pH, temp, salts)

High accumulation levels of commercially
available compounds (e.g., vitamins, organic
acids)

Slower generation time

Could require more nutrients/substrates to
grow than bacteria

Potential mold pathogenicity - mycotoxins
production

~ Mold Filamentous fungi powerhouse enzyme Negative impact on product rheology
producers, extracellular enzymatic degradation
Eukaryotes — more robust than bacteria
Adaptive in the same fermentation . .
. . . Target extraction challenging, presence of
infrastructure used for bacteria or fungi - .

. . . tough cell walls (silica-based coatings)
Microalgae Heterotrophically grown — more efficient, less

expensive growth, higher densities
Provide enormous range of unique molecules
(e.g., pigments, fatty acids)

Autotrophically grown - slow growth, low
density



Pre-Clinical & Post-Production Testing Requirements

Each strain requires comprehensive identification, safety and pre-clinical efficacy
testing.

SAFETY & CHARACTERIZATION

Full genome sequencing & analysis
Deleterious gene analysis

Plasmid analysis

Fermentation media optimization (allergen
free)

Acid survivability

Bile sale survivability

Hemolytic activity

Whole Genome Sequence (DNA
composition)

Annotated genome analysis

gyrB Gene sequence analysis
Phylogenetic Placement

Genome Allergen Analysis
Genome outer membrane analysis
Cytotoxicity testing

Virulence testing

PCR toxin screen

Zones of hemolysis testing
Anti-microbial susceptibility

Zone of inhibition/Antibiotic susceptibility

IDENTIFICATION

Gram stain

Primer design

ID Method (PCR, etc)
Enumeration
Validation

EFFICACY

Substrate analysis
Nutrient analysis
Enzyme Production
Bio-Actives Production
Cell-signaling
molecules
Antioxidants
Antimicrobials

pH profile
Temperature profile
CaCo2cell adhesion
Hormones

Ex-vivo efficacy testing

Post-production, each strain undergoes
testing an optimization to ensure it's fit for
purpose in a variety of dietary supplement
and functional food/beverage applications.

POST-PRODUCTION

* Stability testing

* Matrix Interference Analysis
* Freeze Dryer Trials

*  Product/Yield Optimization
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Regulatory Safety Evaluation Framework Qreliers

. 4

There are existing, robust frameworks for the regulatory and safety evaluation of dietary
ingredients produced with new methodologies

¢ Ingredients produced using Microbial Fermentation (Precision Fermentation) provides a well
tested and utilized model

¢ “New” is arelative term — modern techniques using microbial fermentation date back to the
1970s, and molecular engineering methods have been evolving for the last ~35 years

¢ Vitamins, enzymes, steviol glycosides, beta-lactoglobulin, lactoferrin, peptides ...

¢+ Regulatory and safety evaluation framework is well established

© 2026 Keller and Heckman LLP | 79



General Manufacturing Process - PF Qleller&

Submerged
Fermentation

Liquid
Formulation

»

Solid-State ’
Fermentation

Dry Product
Process

© 2026 Keller and Heckman LLP | 80




Safety Evaluation Framework - Key Elements {{2&aan

¢ Product Identity and specifications
¢ substance, chemical name, CAS No., chemical formula and structure; chemical composition,
physical properties, heavy metals and micro specs.; 3-5 batch analyses

¢ Method of manufacture
o  flow chart, step-by-step description, raw materials, processing aids, microorganism, strain

genetic modifications

¢+ Intended uses and dietary exposure (EDI)
o exposure of substance from proposed uses

¢+ Safety data (NOAEL, ADI)

¢ acute, subacute, subchronic, chronic, genotoxicity, carcinogenicity, allergenicity

¢+ Allergenicity
o literature, in silico methods (i.e., FARRP’s Allergen Online), in vitro digestibility stugies

¢ Safety assessment

© 2026 Keller and Heckman LLP | 81



1 Kell
Safety Evaluation Framework pKellers
¢ Identity of the substance / dietary ingredient

— Detailed characterization of the ingredient - Systematic numbers; IUPAC; ATCC;
Synonyms; Appearance; Molecular mass; Molecular formula; Amino Acid Sequence;
Structure; Composition of substance (typical analyses such as water, protein, ash, total

organic solids, activity, etc.)

¢ Production Organism

— Non-toxigenic / Non-pathogenic; documentation of Safe Strain Lineage — use in food /
food production, repeated tox studies, Pariza Johnson Decision tree*

— Modifications — non-toxigenic, poorly mobilizable, well characterized sequence, using
common and well understood techniques

*Pariza MW, Johnson EA. Evaluating the safety of microbial enzyme preparations used in food processing: update for a new
century. Regul Toxicol Pharmacol. 2001 Apr;33(2):173-86. doi: 10.1006/rtph.2001.1466. PMID: 11350200.

© 2026 Keller and Heckman LLP | 82



Safety Evaluation Framework O Heckman

¢+ Manufacturing Process
o c¢GMP / Quality Systems
o Inputs / raw materials are food grade

o Aseptic procedures and monitoring / critical
control points for contamination

o Downstream processing / filtration

o Demonstration of manufacturing control through
analysis of non-consecutive lots

o Where appropriate - verification via finished
product testing

© 2026 Keller and Heckman LLP | 83



Safety Evaluation Framework

¢+ Safety Studies / Data
¢ Published pivotal safety data where available

¢ Toxicity data— using batches representative of
commercial production

¢ FDA Redbook
— Example matrix:

Genotox — Ames test, chromosomal
aberration

Allergenicity and toxin screening - in silico
allergenic sequence homology

Oral tox studies when warranted
Other data as warranted

AKeller&

VY Heckman

2nd Monday of
Every month —

© 2026 Keller and Heckman LLP |

84



Safety Evaluation Framework

¢ Exposure Evaluation & Safety Margin

o Exposure / Estimated Daily Intake (EDI)

Daily consumption per person per kg/bw
Evaluation of other sources of intake (NHANES)

Change at the high user — eg 90" percentile

¢ Safety Margin

NOAEL: No-Observed-Adverse-Effect-Level
ADI: Acceptable Daily Intake = NOAEL/SF
SF: Safety Factor = 100 — 1000

MOS: Margin of Safety = ADI/EDI >1

Conservative assumptions should be used

AKeller&

VY Heckman

© 2026 Keller and Heckman LLP
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Meet our speaker

Frank Romanski, Ph.D.

Vice President, Strategic
Growth & Revenue Management Lonza
Capsugel

Ph.D. in Chemical Engineering
from
Rutgers University

Background in R&D, business
management, marketing, and
strategy

Capsugel | LONZA

Leads global growth and revenue management across:

Hard Empty Dosage Forms Ingredients Global
Capsules (HEC) Solutions (DFS) Pharmaceutical
Solutions (GPS)

« '~ Brings a dual perspective across pharma + nutra regulated markets,
- — working as both an ingredient supplier and dosage form
/7
S " manufacturer globally
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Integrated insights across the value chain Capsugel ‘ LONZQA

*— Development —e

Commercial
Development Health Capsule Tablet Caps.ule fiIILng Packaging Logistic
Services Ingredients Production Production :Zr;:::;:; services services
Solid fill / /
(HEC) j ﬁ ‘/I
Liquid fill / / "/ "/
MM M M vi M
Solid fill / "/
(HECQ) j ﬁ \/I
3] — p—
= Liquid fill
¥ (GPs) j ﬁ ‘/l
sosaty [V i M M M M

Note: Hard Empty Capsule (HEC), Dosage Form Solutions {DFS), and Global Pharmaceutical Solutions (GPS)
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What we are observing across the industry

How production method and supplier differences
translate into formulation challenges

Industry realities when bringing new ingredients to market

Capsugel | LONZA

Synthetic, fermentation, and
extraction routes produce Different analytical methods
ingredients with differing and processes lead to COA
matricies, impurities, and stability variability across suppliers
profiles

Upstream variability affects
stability, reactivity, and
compatibility

& Even “simple” ingredients behave differently depending on production
route. Complex ingredients like botanicals and probiotics further
increase variability

& Ingredient variability can alter release behavior, limit encapsulation
compatibility, and create distinct impurity profiles across production
routes (e.g. synthetic vs. fermentation L-Carnitine)

C

o

Advanced delivery systems
such as capsule-in-capsule
DUOCAP® capsules or
Enprotect’ bi-layered capsules
for enteric delivery are often
used to help mitigate stability,
compatibility or delivery
challenges
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Ingredient case studies

In action




Ingredient case study — UC-II°

Capsugel | LONZA

Preserving native structure and understanding analytical differences

Other native
type Il collagen

Microscopic
observations

Intact collagen fibers

Structure Partially hydrolyzed
(unhydrolyzed) yhy Y
HPLC
Method of ELISA (no specificity, only
- (Specific for undenatured typell  measures total
analysis .
collagen epitopes) collagen based on

Hydroxyproline content)

UC-1I° is undenatured type Il collagen is preserved through
low temperature processing, allowing the presence of

undenatured epitopes

Vol & o2& %

ELISA
(epitope based)

HPLC / Hydroxyproline
(total collagen)

Detects epitopes associated with
undenatured type Il collagen

Measures total collagen only

Structure-specific

Not structure specific

Can confirm presence of undenatured
collagen

Cannot differentiate undenatured
vs. hydrolyzed collagen

Note: Enzyme-Linked Immunosorbent Assay (ELISA), High Performance Liquid Chromatography (HPLC)
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Ingredient case study — DUOCAP® Capsugel ‘ LONZQA

Performance of health ingredients significantly impacted by delivery formulation

SHIME® in vitro model assesses intestinal release of acid sensitive digestive enzymes

Multi-fold increase in enzyme activity compared
Test methodology: y \ Y

to immediate release capsules in upper small

SHIME®" in vitro Gl model:

stomach > duodenum = jejunum intestine when taken with food
R Capsules tested: Vcaps® Plus,
/ DRcaps’, DUOCAP™* Enzyme activity:

Actives: caffeine (release marker), pancreatin DUOCAP® capsule-in-capsule technology fodere

Study objective: (acid-sensitive enzyme) .
delivers up to - oum

In vitro evaluation of Conditions: fasted + fed 4x more enzyme activity compared to /
different capsule polymer Measures: enzyme activity was assessed via immediate release capsules
combinations for tributyrin to butyrate conversion

targeted delivery of an

4X
acid-sensitive digestive . 3.3X
enzyme (Pancreatin) in DUOCAP" capsule polymer
upper combinations evaluated:
G| model Outer capsule Inner capsule Group acronym
DRcaps’ Vcaps® Plus VCP-in-DR
Vcaps® Plus DRcaps” DR-in-VCP

Vcaps® Plus - Single VCP Veaps® Plus Vcaps® Plus-in-DRcaps” DRcaps™-in-Vcaps® Plus

Source: Evaluation of Targeted-Release Capsule Formulations for Protection of the Acid-Sensitive Enzyme Note: DR-in-DR data not shown; as this format is best suited for colon de”V(%rg/‘i
Pancreatin Under Fasted and Fed Intestinal Conditions In Vitro *Simulator of the Human Intestinal Microbial Ecosystem (SHIME®)
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In conclusion

Considerations and opinions




Closing considerations and opening for

future collaborations

Tiered comparability: greater
data requirements only when
a new production method
materially changes key
product attributes

Define trigger for
“meaningful change” by
ingredient class

Clarify how to assess hybrid
or multi-modality ingredients
outside standard categories

Guidance on aligning method
specificity with ingredient
complexity and production
route

Set expectations for
characterizing process-
related impurities,
residuals and by-products

Define what counts as
adequate comparability
evidence across suppliers,
production methods, and
batches

Capsugel | LONZA

Regulatory

framework gaps

Reduce uncertainty by
unifying federal/state
guidance under DSHEA

Explain how GRAS and dietary
supplement pathways align
for tech-enabled ingredients

Clarify drug preclusion
for novel bioactives and
tech-enabled ingredients

Collaboration
path forward

Establish compliant pathways
for novel ingredient
development

and market entry

Strengthen FDA-industry
dialogue across the value
chain

Encourage practical pre-
submission engagement
on novel methodologies

Enable clearer pathways
for compliant market entry
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Thank you

Review and follow all product safety instructions. The statements made in these
materials have not been evaluated by the U.S. Food and Drug Administration or any
other regulatory authority. Lonza’s products are not intended for use to diagnose,
treat, cure or prevent any disease. All information in this presentation corresponds
to Lonza’s knowledge on the subject at the date of publication, but Lonza makes no
warranty as to its accuracy or completeness and Lonza assumes no obligation to
update it. All information in this presentation is intended for use by recipients
experienced and knowledgeable in the field, who are capable of and responsible for
independently determining the suitability and to ensure their compliance with
applicable law. Proper use of this information

is the sole responsibility of the recipient. Republication of this information or related
statements is prohibited. Information provided in this presentation by Lonza is not
intended and should not be construed as a license to operate under or a
recommendation to infringe any patent or other intellectual property right. All
trademarks belong to Lonza or its affiliates and are registered in US, EU and/or CH, or
belong to their respective third party owners and are only being used for
informational purposes. Copyrighted material has been produced with permissions
or under license, all other materials © 2026 Lonza. All rights reserved.




Session 2 Reminders

I Ssoncoveriap oy enies |

* Please keep your Q&A in-line with this session - scientific and technical
advancements in dietary ingredient production (e.g., synthesis, precision
fermentation, cell culture technology, and recombinant production) and
the impact on the attributes of these produced dietary ingredients

— (e

* Be sure to speak your remarks into the microphones.
e Introduce yourself with your name and organization

QR e
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Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Session 2:
Question and Answer
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Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Reminder: If you leave for lunch, you will need to be rescreened
upon re-entry to the building. Please plan accordingly and arrive
with enough time to traverse security.
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Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Currently on break
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Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Session 3:
Identity attributes for ingredient types

Moderator: Betsy Jean Yakes, Identity and Status Branch Chief, DRE, ODSP, HFP, FDA

Panelists:

3.1 Elvira Gonzalez de Mejia, Professor, University of lllinois Urbana-Champaign

3.2 Linda Neckmar, Senior Vice President Human Health, Novonesis
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Overview

Explore questions related to:

* determining the identity
of proteins, enzymes, and
microorganisms, which
are not specifically listed
in 201(ff)(1)

e evaluating attributes that
are important for
assessing identity.
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Speakers 1:00-2:00 and Q&A 2:00-2:15

e Elvira Gonzalez
de Mejia
e LLinda Neckmar

e Andrea Wong

o Gregory Leyer
e Amy Smith
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Proteins, Enzymes, and Microbials

e Commonly
under
201(ff)(1)(E) “a
dietary
substance for
use by man...”

<8

N\
X

e A substance
that is
commonly used
as human food
or drink

<8

1@n 8

e How do non-
food articles fit?

e What are the
key identity
attributes?
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What identity

. What level of
attributes are e
important in modification of a

F.) . dietary substance

determining whether S

somethingis a ineredient?

“dietary ingredient”? g ’

amino acid sequence, molecular

Structure/function; synthetic
weight distribution, post- production; amino acid
translational modifications, substitutions, insertions,
g enzyme activity, deletions; post-translation
T\@’/ bioactivity markers '

A modifications
(8%

sequence, strain strain-level differences

ID, viability, (e.g., genetic or
0% metabolic profile, phenotypic);
°'§ virulence factors, 0% functional changes;
antibiotic > food constituent vs.
resistance

incidental component
vs. contaminant
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Session 3: Identity attributes for
ingredient types such as
proteins, peptides and enzymes

» Definitions and sources

_‘ *- » Technological approaches and their
S, impact on quality attributes of proteins,
peptides and enzymes

» Potential changes on quality attributes
that may affect safety

» Determine the most important quality
attributes to establish their identity



Definitions

* Proteins are typically
presented as nutritional or
structural ingredients.

» A peptide is a smaller fraction
of a protein, with different
identity and properties,
potentially possessing specific
biological activities.

* An enzyme is a protein whose
central characteristic s its
measurable functional activity.

https://www.wwpdb.org/

Nature Structural Biology 10,980 (2003) doi: 10.1038/nsb1203-980



http://dx.doi.org/10.1038/nsb1203-980
http://dx.doi.org/10.1038/nsb1203-980
http://dx.doi.org/10.1038/nsb1203-980
http://dx.doi.org/10.1038/nsb1203-980
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Primary structure Secondary structure Tertiary structure Quaternary structure

Amino acid sequence a-helix and p-sheet Three-dimensional Complex of multiple
folded structure protein chains

fi Helmick H, et al. 2023
B8 Annu. Rev. Food Sci. Technol. 14:203-2¢
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Protein Source Percent identity =

401

Legumin A2 Vicia faba (Faba bean) 86.9

Legumin A Cicer arietinum (Chickpea) 79.9

Glycinin Glycine max (Soybean) 42.2

fol———7b———F1
PFEFLVPARESENRAS 2

Legumin Phaseolus vulgaris (Common bean) 38.3

e e—
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http://minnou.cchmc.org/

Classification of Proteins Based on Solubility

Albumins - (e.g., serum albumin, ovalbumin, and a-lactalbumin)

* Soluble in water (pH~6.6)

Globulins - (e.g., glycinin, phaseolin, and [3-lactoglobulin)

* Solublein diluted salt solutions (pH 7.0)

* Glutelins - (e.g., wheat glutelins) NEE
. . . LS
* Solubleinacid (pH =2) and alkali (pH =12) yﬂﬂg: 4

Prolamins - (e.g., zein and gliadins)

 Solublein 70% alcohol

College of Agricultural,
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kDa MW NB1 NB2 NB3 NB4 NB5 NB6 NB7

| | Not all Dietary Proteins are Created
' T HEC R Equal

103.6 —
. - - Protein profiles of soy flours from seven soy
genotypes (NB1-NB7).

Major protein bands:
* P1A, lipoxygenases 2 and 3;

aa ™ -wﬂp

T e — PG

- & - - o * P1B, lipoxygenasel,;
*e . & * P2, a' subunit of B-conglycinin;
B . e . e o oo é  alycinin * P3, asubunit of B-conglycinin;
' * P5, 3 subunit of B-conglycinin;
. '.. - - - ._ p1v * P6, glycinin A3 chain;
‘23 1 1. “ —Pl6 * P7,glycinin A1,2,4 chains;
- - - * P11, glycinin basic chains;

155—

* P16, Kunitz trypsin inhibitor

an - -
6.6— ‘ ‘ ‘

Wang, Rupasinghe, Schuler, Gonzalez de Mejia. 2008. Identification and characterization of topoisomerase Il inhibitory peptides from soy

protein hydrolysates. J. Agric. Food Chem. 56 (15): 6267-6277.




Crystal Structure of Proteins

Glycinin A3B4 subunit homo B-Conglycinin a'-homotrimer
hexamer Printed with permission. Maruyama et al., 2004.
Printed with permission. Adachi et al., 2003. Proc. Acta Crystallogr., Sect.D 60 pp. 289. 1B.

Nat. Acad. Sci.USA 10: 7395.
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Examples of Regular Protein Structure: Triple Helix

Collagen - structural protein

* Rigid and inextensible

* Major constituent of tendons & connective tissues
» Characterized by repetitious tripeptide sequence

Glycine-X-proline or glycine-X-hydroxyproline
X=any amino acid
Hydroxyproline: hydroxylated derivative of proline
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Importance of Proteins

Proteins play crucial roles in fundamental
life processes and are present in the form of:

In the food industry as food ingredients:

*  Viscosity (thickening of soups, sauces)
* Cohesiveness and elasticity

«  Emulsifying agents (meat sausage)

*  Structural proteins (collagen, elastin, keratin)
*  Contractile proteins (myosin, actin, tubulin)
*  Carrier proteins (hemoglobin, myoglobin,

transferring, ceruloplasmin, plasma lipoproteins, *  Flavor, colors (myoglobin, Maillard browning)
plasma albumin) *  Foams (whipping dessert toppings)

*  Hormones (insulin, growth hormones) *  Provide body

*  Storage proteins (ferritin, casein, ovalbumin,  Buffers
lipovitellin, gliadins, glutenins, zeins) e Nutritive value

*  Receptors (rhodopsin) «  Enzymes

* Fat adsorption (reduction of free fat in cooked meat
products)

College of Agricultural,

Consumer &
Environmental Sciences
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Methods of Peptide Production are Diverse

[ Enzymatic hydrolysis ] ':;él ( Simulated Gastrointestinal Digestion j
c b
= : . w Oa - I‘ P | \% £ ﬁ
Oral Gastric Intestinal Colonic Digested
Key factors. T
Peptide yield Key factors: )
o Improve reaction rate s T Stable peptides
¢ Mild temperature and pH - - ¢ Specific pH range
¢ Regioselectivity T Peptide quality e Gastric fluids T Bioactivity

¢ Stereoselectiviy ¢ Digestive enzymes

e-¢-& vk I
—>
% I :( 29
T Hydrolysis of proteins / Secreted proteases Peptides
Key factors: -
TFree aminoacids ] o ] 7 Keyifactols.
! . ?me of germination Type'ot microblal Accesibility and
Go no i o Temperature ¢ bioavailabili
‘Antmutrltlonal factors « Humidity culture . Ly
e Chemical elicitors /. e« Fermentation
o \ conditions -
( Germination j .« Enzymatic activity ( Fermentation ]

Fonseca Hernandez, Mojica, Gonzalez de Mejia. 2024. Current Opinion in Food Science 56, 101132.



Food Enzymes Digestion Enzymes

Papain

Gelatinase

Ficin Bromelain

Aider M. Potential applications of ficin in the production of traditional cheeses and protein Hydrolysates. JDS

Communications, 2021; 2, 233-237



[Foods Highest in Natural
Digestive Enzymes

N i

Papaya Avocado
Papain Lipase
?{ag ¥ -
R 4
- . X
Y ! Al
Y W&
Sauerkraut Raw Honey
Proteases Diastases
#
b, 4
s_» v
Pineapple Kefir
Bromelain Lactase

Alpha nn':,'m 111

2

& -

Confectionary

Callulase, {:n1n'.es.‘ctv
Transglutaminase

Packaging
Enzymesin
\ Food Industry
Lipase, /
Phoapholipaia
Qil rafinary

Bavarage

Banana
Glucosidases

//' Al
//‘ @\W "E

e

 Fe®

Kiwi
Actinidain

7y

4
Ginger
Zingibain

Protease, Cellulase,
Pactiness, Phylase

Animal teed

)

Protease, Lactase,
Lipmss, Catalaas

Cellulase,
Pectinase,
laccase,
naringinase

Fruit Juices and

Food Enzymes

Protease, catalase, lipase,
laccase, transglutaminases

Dairy

Enzymes in
Food Industries

Beverage

Protease, Pectinase, lipase,
glucose oxidase, laccase,
esterase, catalase

s Baking

Protease, alpha-
amylase, xylanase,
lipase, laccase,
transglutaminases

Kumar et al. Microbial enzymes and major applications in the food industry: a concise review. Food Prod Process and Nutr 6, 85 (2024).
E https://doi.org/10.1186/s43014-024-00261-5

Siddikey et al.. Enzyme Technology in the Food Industry: Molecular Mechanisms, Applications, and Sustainable Innovations. Food Sci Nutr. 2025;13(9):e70927. doi:
10.1002/fsn3.70927.




Types of Products

Protein Hydrolisates and

Protein
Bioactive Peptides

Supplements

Protein hydrolysates can be produced
from several sources using methods
aimed to disrupt protein structures
and produce bioactive peptides

/ PLANT ORIGIN SOURCES \ / mi ,

Oilseeds
Pulsed eletric
pracessing

E.II High pressure : E‘

Cell Disruption <
processing
=

: - E HIGH-QUALITY PROTEINS
Ohmic heating
processing _
A
= Microwave .
~ processing

Bio-transformation

Cruz-Solis et al. (2023). Alkaline extraction-isoelectric precipitation of plant proteins. In: Herndndez-Alvares, A. et al., Green processing technologies from plants (First, 1-

Ultrasound
processing

Dry Extraction

Wet Extraction

19). Springer.
Gomes-Almeida et al. (2020). Plant proteins as high-quality nutritional source for human diet. Trends in Food Science and Technology, 97, 170-184.
Kumar et al. (2022). Plant-based proteins and their multifaceted industrial applications. LWT, 154, 112620.




Protein Hydrolysatesand | _w. "% "% «

T T— — §

Peptides w0 g
S ;
Protein hydrolysates are produced from the %0 : E
extensive or partial hydrolysis of protein- > s
peptide bonds, yielding a complex mixture of o
peptides, oligopeptides, and free amino 10
acids Hydrolysis time (min)

MWO 5 1 1 3 60 90

s 0 A
Bromelain %

Bioactive peptides are small peptides (2-20
amino acids, 3-6 kDa or less) with several
physicochemical and biological functions

Cruz-Solis et al. (2023). Alkaline extraction-isoelectric precipitation of plant proteins. In: Herndndez-Alvarez, A. et al., Green processing technologies from plants (First, 1-19). Springer.
Sé et al. (2020). Plant proteins as high-quality nutritional source for human diet. Trends in Food Science and Technology, 97, 170-184.
Kumar et al. (2022). Plant-based proteins and their multifaceted industrial applications. LWT, 154, 112620.

Yamazaki et al. (2019). Effective food ingredients for fatty liver: soy protein B-conglycinin and fish oil. International Journal of Molecular Sciences, 19(12),4107



Bromelain SC s
Synapt_22979 723 (15.006) —
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v
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College of Agricultural,

Consumer &
Envnronmental Sciences

Methods to Determine ldentity

v
v

Degree of hydrolysis
Physicochemical parameters
(MW, pl, hydrophilicity, charge)
Soluble protein

SDS-PAGE electrophoresis
Peptides sequences (protein
structure prediction)

Liquid chromatography
(molecule weight, purity)
HPLC separation, further
concentration

Mass spectrometry (triple stage
Model API-III, ESI-MS/MS,
MALDITOF-MS (sequence,
quantity)

Databases search for activities




Optimization of the Production of Peptides ‘.sms

ot Optimization SRM
Black beans Characterization
‘::l . A0 Predictedvaluel
L : DPP-IV
_ LC-ESI-MSMS
Black bean hydrolyzed protein MALDI-TOF - T "
isolate (HPI) /,: o0 29:0tea'5
J ] et,’.pe
a-Amylase Procicted Value » Biochemical
°T inhibition
. assays

Prot _ k: 3 30, > Cell culture

rotease S :
o E/S ratio 100 Py 3 8 5 a!)pro[)r!ate for

= 1ryp R1=1:20 - :f;‘;{;?f’ ?(Oiea: blOé}Cthlt.y
2=Flavourzyme o, _4.34 etP > Invivo animal
3= Proteinase k R3 = 1:50 g;umsf. Jose "*f“"‘“ff’?'.‘..'?....___ ] and human
4= Thermolysin . studies
5= Alcal Time of

= Alcalase .

. hydrolysis In silico inhibition

6= Pepsin EC T1=120 min simulation
7=Papain T2 =180 min

8= Chymotrypsin T3 =240 min
UNIVERSITY OF
I iLLINOIS

Mojica, L., Gonzalez de Mejia, E., Granados-Silvestre, M.A., Menjivar, M. 2017. J Functional Foods 31, 274-286.



Protein Hydrolysates

Beneficial Effects: Loss of Quality:
1. Free amino acids are easily absorbed L. Undesirable nhon-enzymatic
2. Flavor enhancing (monosodium . tE’rOW”'”g dati £ Shenoli
glutamate, MSG) . Enzymatic oxidation of phenolic
substrates

a) Flavor enhancer - improves

E le: tyrosine > DOPA (L-
flavor w/o adding flavor itself a) Example: tyrosine > (

dihydroxyphenylalanine)

3. Protein hydrolysates - flavors 3. Deterioration of amino acids by

4, Carbonyl-amine browning - flavors microbes

4. Degradation of free glutamine - heat
processing

College of Agricultural,
Consumer &

Environmental Sciences
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Attributes to Assess Identity

¢ Degree of purification;

“ Length/amino acid sequence and molecular heterogeneity;
% Secondary/tertiary structure and aggregation;
¢ Chemical and gastrointestinal stability;

¢ Specific bioactivity;

¢ Bioavailability;

“ Immunogenicity/allergenicity;

¢ Acute, subchronic, and chronic toxicity;

¢ Impurities, contaminants, and process residues;
% ADMET studies

% Drug interactions;

% Synergism/antagonism with other ingredients;
¢ Batch-to-batch consistency;

Xu et al. (2019). Bioavailability of bioactive peptides derived from food proteins across the intestinal epithelial membrane: a review. Trends in Food Science & Technology,
86, 399-411.

E Chalamaiah et al. (2019). Regulatory requirements of bioactive peptides (protein hydrolisates) from food proteins. Journal of Functional Foods, 58, 123-129.



Opportunities to Enhance Future Applications

Considering the complexity in the
preparation of proteins, peptides and
enzymes keep potential changesin
functionality and safety in mind

Research to determine common quality
attributes to assess and establish the identity
and consistency of proteins, peptides and

enzymes
Novel processing technologies:
Metabolomics and to enhance the enzymatic release
transcriptomics: to demonstrate from parent proteins and Product development and basis
the interaction, efficacy, and produce high yields of food for potential nutritional claims
mechanisms of action peptides

E 3rd International Symposium on Bioactive Peptides. J. Agric. Food Chem. 2024, 72, 43, 23709-23715.



Summary

O There is a variety of methods for the concentration/isolation of proteins and production
of peptides, either from plant or animal origin.

U Depending on the method of production the identity of the produced ingredients may
change their quality attributes.

0 Some of the changes may be insignificant or adverse depending on the conditions.

U Depending on the method, there may be undesirable changes in the final product such
as the chemical nature of the amino acids, bioaccessibility and bioavailability,
interactions, sensory changes (bitterness).

O The most important quality attributes to establish identity are the functional and
structural characteristics of the hydrolysate produced including amino acid content
and sequence, degree of hydrolysis, physicochemical and technological properties and
safety.

U Due to the complexity in the production of hydrolysates and peptides, standardization
is unlikely to be attained.
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Microbiology is at the
heart of Novonesis

We leverage the power of our planet’s microbes, enzymes and functional
proteins with our innovative technology, enabling healthier lives and a
healthier planet.



Innovating across 30+ industries
for people and planet

Our biosolutions are designed with safety at the forefront, ensuring regulatory
readiness across regions and intended end uses.

novoresis

Copyright © 2026 Novonesis Group. All rights reserved.



Human Health Biosolutions Categories

Proteins that drive key Non-living bioactive

reactions in the body @ compounds that deliver
health benefits

Enzymes

Unique prebiotics like
those in human milk tha
nurture the gut

Essential nutrients
that support many
body functions

% Biosolutions Spore-forming bacteria

for Human - that can survive harsh
ioti L conditions
Probiotics Health Q

Live bacteria that
help balance the
microbiome

Sporeformers

novoresis

Copyright © 2026 Novonesis Group. All rights reserved.



The Challenge: Current interpretation of Clause (E)* as it relates to the
identity of a substance unnecessarily restricts the NDIN pathway.

FDA’s Questions

How should Clause (E) be

interpreted for substances

that have never been part
of the diet?

When is an ingredient’s
identity meaningfully
altered, and what
characteristic parameters
should be considered?

Proposed Approach

Substances should not
need to be isolated from a
food, or be marketed in a

conventional food, to

qualify as a dietary
ingredient.

Consideration should be
made case-by-case,
depending on the
ingredient. Weight-of-
Evidence approach should
be applied.

Why Alignment
Matters

Clear regulatory
framework for NDIs will
provide greater
transparency and
consumer confidence.

Focus on meaningful risk
factors helps prioritize
safety-relevant data and
streamline review

*Under the FD&C Act, a dietary supplement is a product containing one or more dietary ingredients, including: “a dietary
substance for use by man to supplement the diet by increasing the total dietary intake” — Section 201(ff)(1)(E)

134

Copyright © 2026 Novonesis Group. All rights reserved.
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Modern advances in biotechnology

Humans have relied on fermentation processes since the dawn of
civilization. But science and knowledge have paved the way for
modern advances in biotechnology that are exponentially driving
innovations and breakthroughs

—and Novonesis is at the forefront.

DSHEA
1994

Al driven

science
Synthetic
Microfluidics biology*
screening
Advanced
Whole genome Advanced precision
sequencing metabolic fermentation
Recombinant engineering
strains and cell
Probiotic High breeding
cultures and throughput
DNA Controlled systems
Fermentation & gene technology, sequencing malolactic
Standardized Starter Enzymatic Microbial freeze-dried formulation and direct fermentation
rennet cultures for product using enzyme inoculation Bioinformatics
extraction acidification bacteria "Omics"
of milk approaches
1870s 1900s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2010s 2020s
B * Synthetic biology: A scientific term meaning the deliberate (re)design and construction of novel biological and biologically based systems for useful purposes.

Copyright © 2026 Novonesis Group. All rights reserved.

Quantum
computing

Digital twins

Future >

novoresis



And what is precision fermentation protein?

Research &
development

Upstream

Downstream

Market

Target gene
and protein

Production

organism

Q Fermentation

>>> Processing

@C Spray drying

@ Final product

We test and design
thousands of genes
to identifying the
ideal candidate for
a protein
application

136
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Target protein gene
is inserted into the
microorganism

The microorganisms
are fermented to
produce the
proteins by dosing
sugar and other
macro- &
micronutrients

The produced
protein

is separated from
the microorganism
after the
fermentation has
ended followed by
further purification
processes

The processed
protein is spray
dried into a powder
format

The protein
ingredient is sold in
a final product
within health and
nutrition

novonresis



Biosolutions research

Microbial Discovery
Tapping into nature

e Wild-type enzyme and microbe

e Diversity insourcing via microbe

137

discovery

isolation and DNA sequencing

Protein Optimization
Harnessing nature’s work

Conserved sites
Stabilizing positions

e Enzyme characterization
through structural insight

e Parallelized variant screening

e Assay and screening system
development

Production Strains
Reaching max potential

Fnzyme expression levels

e Fungal and bacterial production
strain construction and
optimization

¢ Fermentation process
development

e Automation technology
development



Examples of safe production strains across biosolutions

Aspergillus niger —

Aspergillus oryzae

Trichoderma reesei

Bacillus subtilis
| Bacillus licheniformis

P& DR
2= D B

novoresis
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Microbial fermentation is currently the only feasible technology to
produce Human Milk Oligosaccharides (HMOs) at a large scale and

efficient cost

N ‘ I.:
Isolation from human Chemical synthesis
milk
* Theoreticaloptionto ! «  Synthesis of each HMO
+ isolate HMOs structure theoretically
possible
« Difficult extraction * Llarge-scale, food-grade,

«  Contradictoryto production impossible

breastfeeding

139
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&

Enzymatic synthesis

Synthesis of each HMO
structure theoretically
possible

Large-scale, food-grade
production limited

o
@
Microbial fermentation

® Synthesis of each HMO
structure theoretically possible

*® Large volumes of food-grade
HMOs available

* Needto ensureclearreg
pathway s available for
manufactured HMOs

novoresis



[ A clearer regulatory framework is needed for New Dietary Ingredients J

Narrow interpretation of Clause Dataset to inclulde inan NDI
(E) unnecessarily excludes notification can be based on
substances from the NDI established safety paradigms
notification pathway (e.g., for substance classes)

Establishing a clearer regulatory framework will:

e Promote successful NDIN submissions by developers, making it easier for FDA to review products efficiently
while increasing transparency for consumers

e Support predictable and timely regulatory decisions, helping ensure that safe products reach the market
without unnecessary delay

e Meet public health goals by enabling access to safe, well-characterized ingredients that can contribute to
improved nutrition and help address diet-related chronic diseases, in line with broader efforts to make

Americans healthier
novonresis

Copyright © 2026 Novonesis Group. All rights reserved.
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“Responsible Innovation”

Does not limit dietary substances to only those that are identical
to substances in the conventional food supply

Innovation means new ingredients may be considered

Responsible innovation means these new ingredients are safe
for their intended use

T CRN



Responsible Innovation via NDIN

DSHEA requires that NDIs be notified to FDA unless the dietary
ingredients “have been present in the food supply as an article used
for food in a form in which the food has not been chemically

altered.”

T CRN






g “Your notification appears to contain numerous examples of historical A

and/or traditional consumption of the [name] species. Some references

identify to the strain level while others do not; regardless, none of the

_ references identify [strain number] as the strain being consumed.” y
—

-

“FDA was unable to establish the identity of your new dietary ingredient based on\
the information provided in your notification. For example, the notification did not
provide adequate evidence showing that the proposed NDI is the same in protein-
folding structure, post-translational modifications, enzyme stability, and enzyme
activity to the native enzyme found in food. Additionally, the notification did not
provide adequate documentation or analyses showing what other proteins from
\ the manufacturing strain were present in the proposed NDI.” /

—

T CRN
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of the International Dairy Federation

Inventory of microbial food

cultures with safety demonstration
in fermented food products

Update of the Bulletins of the IDF
N°®377-2002, N®*455-2012 and N°495-2018

EUROPEAN FOOD i _ b
SAFETY AUTHORITY English Menu

wefsa

Home / QPS assessment

Qualified presumption of safety (QPS)

“The QPS status of a certain taxonomic unit (TU) is granted
through the QPS assessment at species level for bacteria,
yeasts, bacteriophages and microalgae/protists and at
family level for non-bacterial viruses, while the safety
assessment of a MO notified through an application for
market authorisation is done at strain level.”

“(IDF) announced the publication of the updated inventory of microbial
food cultures (MFC), with a demonstration of the safety of use in
fermented foods...

“Readers will find a table inventory listing the species of microbial food
cultures...”

T IECRN



For microbials:

At minimum,

* Recognize that microbials identical to those present in the food
supply at the species level are dietary substances

» Safety of the microbial for its intended use should be evaluated
at the strain level as part of the NDIN submission

e CRN



Regulatory Toxicology and Pharmacology 73 (2015) 164171

Contents lists available at ScienceDirect n

Regulatory Toxicology and Pharmacology

Resources for
) journal homepage: www.elsevier.com/locate/yrtph —
d e e
Ete rm I n I ng Determining the safety of microbial cultures for consumption by

humans and animals

Michael W. Pariza * ", Kevin O. Gillies ", Sarah F. Kraak-Ripple , Gregory Leyer ¢,
S a e y Amy B. Smith *

Regulatory Toxicology and Pharmacology 136 (2022) 105266

Contents lists available at ScienceDirect

Regulatory Toxicology and Pharmacology

1) ﬁ
|| :E

ELSEVIER journal homepage: www.elsevier.com/locate/yrtph

B

Considerations for determining safety of probiotics: A USP perspective

Amy L. Roe™’, Marie-Eve Boyte", Chris A. Elkins‘, Virginia S. Goldman ¢, James Heimbach ¢,
Emily Madden 9, Hellen Oketch-Rabah ¢, Mary Ellen Sanders ', Jay Sirois®, Amy Smith "

T ECRN



Identity attributes matter...for safety

Proteins: production method, amino acid sequence, post-
translational modification, folding, activity

Enzymes: source organism, fermentation media, activity

Microbials: genomic sequence, metabolic characteristics,
virulence factors, antibiotic resistance

‘Sameness’ is important for bridging safety information

I CRN
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IPA  Microorganisms Are Unique Dietary Ingredients

* Living, replicating biological entities

* |dentity is defined across multiple levels of classification

* Unlike chemical ingredients, microbial identity is determined through multiple
layers of classification from genus and species down to the specific strain —
each providing increasing resolution

* Multiple attributes define identity:
e Taxonomic identity
* Genomic identity
e Strain lineage
e Functional characteristics

Public



2IPA Key Attributes Used to Establish Microbial Identity

* Genomic identity

Microbial identity is

* Taxonomic classification determined through layers of
* Whole genome sequence or strain markers classification, from genus and

species down to strain and

genomic lineage

e Strain lineage

* Cell banking, lineage control, and production practices ensure a match to the

characterized reference strain

* Functional and safety attributes
* Metabolic traits, virulence factors, antibiotic resistance
e Confirm the organism behaves as expected

Public
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ATPA Common Methods Used in Industry

* 16S rRNA gene sequencing for genus/species confirmation
* MALDI-TOF for rapid taxonomic identification
* Genomic fingerprinting or strain-specific PCR for strain resolution

* Whole genome sequencing (industry standard/regulatory
requirement)

* Routine QC often uses targeted assays

Public



a Species vs. Strain: A Central Question

Lactobacillus  acidophilus XXX
Genus species strain

* Microbial species may contain genomic diversity
* Two strains of the same species can differ in meaningful ways

* Clinical evidence for probiotics is typically strain-specific

* Strain designation provides a link to:
 Safety data
*Clinical evidence
* Manufacturing lineage

Public
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SIPA  Why Strain-Level Differences Matter

e Strains within a species can differ genetically

* Differences may influence:
* Clinical activity
 Safety characteristics

* Metabolic outputs

* Example: Lactocaseibacillus rhamnosus strains (LGG® vs HN0OO1 * vs
others) differ in clinical outcomes

Public
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SIPA  Safety Differences Between Strains

* Rare species contain both safe and potentially harmful
strains

* Exceptional Example:

* E. coli as a probiotic or harboring enterotoxigenic genes
e Strain Nissle vs. 0157:H7

e Strain-level genomic analysis helps identify these differences

Public



Public

SIP&hallenges in Strain-Specific Identification

* Comparative genome datasets may be limited
* Bioinformatics expertise varies across industry
* Taxonomy continues to evolve

* Perfect strain-specific assays may not always be feasible

Public



2IPA Intentional vs Incidental Microbial Presence

Microorganisms may occur naturally in foods

But not all occurrences represent intentional dietary substances

Example: L. curvatus

* Incidental (non-starter lactic acid bacteria; NSLAB) and beneficial in many fermented foods
such as kimchi and sausage

* Intentional strains are used as a protective cultures in the food industry (anti-Listeria effects)
* Incidental presence may cause spoilage in vacuum-packed meats etc.

* Intentional strain isolates may also have probiotic properties (ex. LB-P9)

Context matters
— Simply detecting a microorganism (genus/species) may # dietary ingredient
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IPA Does Process Optimization Change Microbial Identity?

* Fermentation processes often evolve to maximize yield,
stability, etc.

* Examples: media composition, pH control, temperature, etc.

* These changes affect growth and yield If the organism produced

at the end of the process
is the same strain, the

* But does NOT result in a chemical alteration identity of the ingredient

has not changed.

Example: Changing fertilizer or soil conditions does not change the
identity of the plant species.

Publi

ic



IPA Microbial Ingredients Represent a Unique Class of Ingredients

* Key Takeaways
* Microbial identity differs from chemical ingredients

e Strain-level characterization is linked to efficacy
* Manufacturing changes do not alter identity

 Safety is predominantly determined at the species level, with abbreviated
confirmation at the strain level

* Context matters when defining dietary substances

Public
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Improving the health status
of US citizens ranks at the
top of the national priorities
of the Federal Government

The importance of nutrition
and the benefits of dietary
supplements to health
promotion and disease
prevention have been
documented increasingly in
scientific studies

Public

/

~

There is a link between the ingestion of certain
nutrients or dietary supplements and the
prevention of chronic diseases such as cancer,
heart disease, and osteoporosis; and clinical
research has shown that several chronic diseases
can be prevented...preventive health measures,
including education, good nutrition, and
appropriate use of safe nutritional supplements
will limit the incidence of chronic diseases, and
reduce long-term health care expenditures

Consumers should be empowered to make
choices about preventive health care programs
based on data from scientific studies of

health benefits related to particular

dietary supplements /

Public

DIETARY SUPPLEMENT HEALTH AND EDUCATION ACT OF 1994 (DSHEA)
Section 2: Findings

300
C""D
\—/

The nutritional supplement
industry is an integral part of
the economy of the US

Although the Federal
Government should take swift
action against products that
are unsafe or adulterated, the
Federal Government should
not take any actions to
impose unreasonable
regulatory barriers limiting
or slowing the flow of safe
products and accurate
information to consumers

J




DIETARY SUPPLEMENT HEALTH AND EDUCATION ACT OF
1994 (DSHEA)

Section 3: Definitions

* DEFINITION OF CERTAIN FOODS AS DIETARY SUPPLEMENTS. SECTION 201 (21 USC
321) IS AMENDED BY ADDING AT THE END OF THE FOLLOWING:

(ff)THE TERM 'DIETARY SUPPLEMENT' —

1. Means a product (other than tobacco) intended to supplement
the diet that bears or contains one or more of the following
dietary ingredients:

A.a vitamin

B.a mineral

C.an herb or other botanical

D.an amino acid

E.a dietary substance for use by man to supplement the diet by
increasing the total dietary intake; or

F.a concentrate, metabolite, constituent, extract, or

combination of any ingredient described in clause A, B, C, D
orE




Highlights from the History of Probiotics

e
o
S
580-640 BC 1905
Arnold of Metz Metchnikoff proposed
highighted drirking 460-370 BC-» Inctabacilli in Bulgarian
beer during plagues Hippecrabes said, "ML yoqurt increased
diseie begin in the longesity
|
2000 BC—= 460-370 8L —» 1905
Indiia Wedic hymns Hippecrates R _—
cament fermented -imfh"—;ﬂ‘:'.} Grigorow khentified 1
milk recipes and health Lactobacillus in
kigtetn mliaks,
2000 BC —» 300 BC Grigarov suggested
Sumerian Great Wall of (hina health benefits of
dacumentation of milk “mwm Bugarian yoqurt ta
fermentation recipes vegetabies Medchnikoff
3000 BC —= 76 BC 1889
Sumerian 'Hymn to Trssier discoviered
e recommiend i
Hirikasi fermented milk 1o Bifidobacterium spp.
treat
gastroenteritis
5000 BC —» 1878
[Evidence of beer . . Lister ksolated lactic
peoduction in China anng Dosiei 14-37 atid produting
Tiberins carried Bacheriy
SAUBTIFAL O 588
voyages to i '«;
6000 BC —= Wy i 1322-1328
Documentation of d Cook .:w&upn‘:‘:d *Likser de Vinis®, first
fermentation in Fertile sauerkraut on kong arademic source on
Crescent / | | vorages toprevent medicinal use of wine
SCuny
S000-7000 BC —» //
Brewing began 1206-1227 ——=
when hunter- Sour milk was on added tn
gatherers bacame Ghenis Khan's anmy's
farimers provision list

Classified as General Business

1906+

Tissier introduced
idea of triendly
imteatinal heatth

1907 —*
Meachnikoff put
Forwand Hei's
hypothesis: yogurt
brings a Loneg life

1907 —
“The Prolongaticn of
Life®, first schentific
description of
impogwing human
heatth through food

1930 —=
Shirota discovered
backiria sursved
passage through
human qut

Late 19305 —=
Frobiotic interest
decreased because of
Great Depression,
WL, and discoveny?
protiferation of
anlibiotics

organic and inorganic
supplements believed ko
restore health of
malnourished pazients

1974

Parker
probiotic definition
shauld include other
Suslrstandes that
contribute 1o gul
microbial balance

1973

Bruce propesed use
of bactebacill
probiotic for
wormen's Lrogenital
frach

1962

Lty ﬂml
c%

definition: “the
anaerobic bacteria
that are aile to
produce lactic acid
and stimulate the
growth of cther
organisms”
Diesription

1954

Vergin propased
inition of

probiotlics: "actin
substances that are
essentisl for 2
mamwnmmwn;n!

of life
hS

1953 —— N\

Keliath proposed definition
of probiotics, described as

2001
Owver 1000 probictic
1989 jpublications on
Fullsr FubMed
s
Prcrobia feed » 2001 -+
suppherments WHOUF)
- which beneficially wouunmﬁl;iﬁﬂ
affects the host E !
animal by live microorgantsms
Improving its 'nk'h'm.n
_ inbestinal adiminisbined in
micrebial balance™ adequate amounts
confer a health benedit
. 1994 —= o Ehie host™
Passage of DSHEA
increased sales of 2001 —
probiotic products Leder! desiribes
the m:‘a ome, "the
1999 o | || SCeGEmEY
President of ASM Symibioic, and
referred by mm&mmueﬂi
prablotics s (iberally share our bod
“snake oil” :ﬁu w_h:: bﬂf’:
2001-2002 = | || setesminantent vesite
Relman and Falkow and disexse”
abid
o :rdmwlmt 01—
rm(mihesas [Establishment of
determinants of ‘ Intemational
health and disease Probotics
/ \ Rsscciation (IPA)
2001 ——=
Davies stated importance of
understanding relationshin
Bebwean humans and their
miroorganisms

Probiatics and
Prebictics
(ISAPP)

2002 —=
WHO/FAD drafted
quidelines for
evaluation of
probiotics in foosd
products

2009 —»
st déscussions with
Hﬂl.l:iDMd-! in
regard lo Probiotic
Manograph

2014 ||

[SAPF recommended
grammalical change
o WHIVTAD

Sdequate amounts,
confer a health
o Eh hist”

2015 ——=

Launch of IPA's
Europesn office in
Brussels

2017 —»
IPA submits proposal
for woek on
harmonized prebistic
guidelines for use in
Toods and dietary
supplements befere
Lower Alimeatiariug

2016 —=
1PA petitions FDA ty
firvise probictic
labelling from Mg to
CFU a5 official undt of

[ AT

© 2021 International Probiotics Association




SIPA Standardization Gap Across Dietary Ingredients

FDA’s current interpretation of a ‘dietary substance’ includes only intentional
constituents of food

A. VITAMINS S r
B. MINERALS 1 r
C. HERBS OR SAFETY ) | r

BOTANICALS

D. AMINO ACIDS

©DEm R [ o onove
SUPPLEMENT THE_DIET BY PRESENIﬁETg:STRAIN SAFETY
INCREASING THE TOTAL "FOOD SUPPLY"

DIETARY INTAKE

Classi fied as General Business



SCIENTIFIC NOMENCLATURE & CHOOSING THE RIGHT STRAIN
Why precise strain identity matters

Standardized Nomenclature
Probiotic strains are classified by: Genus > Species > Strain; to ensure precise scientific identification

Genus Species Strain
e——" : SPECIES = SAFETY;
Limosilactobacillus fermentum CECT5716 (LC40)
STRAIN = EFFICACY
Limosilactobacillus fermentum XYZ-1A

Why Strain Identity Matters
* Safety characteristics (morphology, metabolism, physiology) are shared at the species level*
* Functional benefits and clinical efficacy differ at the strain level.

WOULD YOU CHOOSE A FRENCH

Analogy =2 Same Species, Different Performance BULLDOG TO BE YOUR GUARD DOG?
Genus Species Strain
Canis lupus familiaris German Shepherd
Canis lupus familiaris French Bulldog

Different dog breeds have different capabilities. Likewise,
probiotic strains within the same species can have
varying properties.

:
ol
:

*Roe AL, Boyte ME, Elkins CA, Goldman VS, Heimbach J, Madden E, Oketch-Rabah H, Sanders ME, Sirois J, Smith A. Considerations for determining safety of probiotics: A USP perspective. Regul Toxicol Pharmacol. 2022

Classified as General Business g0 156105266, dot: 10.1016/].yrtph.2022.105266. Epub 2022 Oct 4. PMID: 36206977; PMCID: PMC10282223.



WHEN IS STRAIN SPECIFIC
IDENTITY INFORMATION
USEFUL?

Evidence of a Clinical documentation Supplement Facts
controlled of efficacy as Panelto correspond to
manufacturing process demonstrated in structure/function
(strain in, strain out) clinical trials language

Identification of Virulence factor mining
antibiotic resistance in species with known Intellectual Property
profile and lack of pathogenic traits (i.e.,
transfer potential pathogenicity islands)

05
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1) Standards for manufacturing
(1) Raw material: The following probiotis itself or mixed

The 2016 updated list of QPS status recommended
biological agents in support of EFSA risk assessments
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DIETARY SUPPLEMENT HEALTH AND EDUCATION ACT OF
1994 (DSHEA)

Section 3: Definitions

* DEFINITION OF CERTAIN FOODS AS DIETARY SUPPLEMENTS. SECTION 201 (21 USC
321) IS AMENDED BY ADDING AT THE END OF THE FOLLOWING:

(ff)THE TERM 'DIETARY SUPPLEMENT' —

1. Means a product (other than tobacco) intended to supplement the

diet that bears or contains one or more of the following dietary
ingredients:

A.a vitamin

B.a mineral

C.an herb or other botanical

D.an amino acid

E.a dietary substance for use by man to supplement the diet by
increasing the total dietary intake; or

F. a concentrate, metabolite, constituent, extract, or combination
of any ingredient described in clause A, B, C, D or E
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Intentional and Incidental Presence of Live Microbials

GUT MICROBES 4
2025, VOL. 17, NO. 1, 2551113 e Tayior & Francis
https://doi.org/10.1080/19490976.2025.2551113 Taylor &Francis Group
REVIEW ARTICLE 3 OPEN ACCESS ™ Checkfer updates |

Linking the edible plant microbiome and human gut microbiome

Gabriele Berg(2*®<, Gerardo V. Toledo?, Jasper Schierstaedt®, Heikki Hyoty (9°F,
and Wisnu Adi Wicaksono(®?

*Institute of Envirenmental Biotechnology, Graz University of Technology, Graz, Austria; ®Microbiome Biotechnology, Leibniz
Institute for Agricultural Engineering and Bioeconomy (ATB), Potsdam, Germany; “Institute for Biochemistry and Biology, University
of Potsdam, Potsdam, Germany; “Solarea Bio, Waltham, 02435 USA; “Department of Virology, Faculty of Medicine and Health
Technology, Tampere University, Tampere, Finland; ‘Fimlab Laboratories, Pirkanmaa Hospital District, Tampere, Finland

ABSTRACT KEYWORDS

The edible plant microbiome, which includes microbes in raw-eaten plants, has been Edible plant microbiome; gut
recently recognized as a vehicle delivering microbes to the gut. Fruits and vegetables ~ microbiome; fruits and

can carry thousands to billions of microorganisms with diverse genetic capacities on  vegetables; human heaith
each serving. Since the ‘edible plant microbiome’ concept was introduced in 2014,

notable progress has been made in understanding its microbial diversity, factors influen-

cing it, functional traits and biomarkers, and its interconnection with the human gut

microbiome. The discovery of the link between microbes in plants consumed raw and

the gut microbiome establishes a possible continuum from farm to fork and health.

When we eat food that provide probiotics, the strains we ingest
adapt to the environment of the Gl tract and remain qualified as a
dietary ingredient

Plant and soil microbes colonize the human Gl tract and lead to
enhanced microbial diversity

The human Gl tract is comprised of trillions of live microorganisms,
many of which have beneficial properties to provide wellness but
not identified as part of the food supply.

Berg G, Toledo GV, Schierstaedt J, Hyoty H, Adi Wicaksono W. Linking the edible plant microbiome and human gut microbiome. Gut Microbes. 2025
Dec;17(1):2551113. doi: 10.1080/19490976.2025.2551113. Epub 2025 Sep,4. PMID: 40906895; PMCID: PMC12413042.
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Incidental Microbes Shape our GI Microbiomes - Providing Health € Wellness

P
]D I—m i f i
QAN These microbes may be useful to supplement the diet
of those who do not have access to fruits and

vegetables!
8 (& G.BERGETAL.

Tranmission

) é Stomach
from edible plants ; Low pH (pH 1-2) - gastric acid
e low bacterial density
. /" 4 i ia, Bacilli, Pr
N - . Small intestine
_—1 Neutral pH (6-7.5) pancreatic enzyme, low O,
Increase bacterial density
g | A Bacteroidetes, Bacilli
)

Large intestine
) Neutral pH (pH 7) — mucus layers, low 02

N ‘y High bacterial density
& Bacteroidetes, Bacilli, Proteobacteria
Potential beneficial properties of the edible plant microbiome

Modulation of the host Production of Production of Inhibition of
immune system SCFA vitamins pathogens

Figure 2. Microbial transmission from plants to the human gastrointestinal system and its potential implications for human
health. This figure was created using Canva (https://www.canva.com.) and BioRender (https://biorender.com).

Berg G, Toledo GV, Schierstaedt J, Hyoty H, Adi Wicaksono W. Linking the edible plant microbiome and human gut microbiome. Gut Microbes. 2025
Dec;17(1):2551113. doi: 10.1080/19490976.2025.2551113. Epub 2025 Sep 4. PMID: 40906895; PMCID: PMC12413042.
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IPA Summary

Currently there is an unfair, unfounded and unnecessary regulatory burden for dietary substances outside of pre-determined
dietary ingredient status of vitamins, mineral, herbs/botanicals or amino acids.

Subpart E was intended to provide an innovation clause as per DSHEA founders.

Both intentional and incidental live microbes in the diet shape the healthy diversity of the human gut microbiome — why limit
probiotic benefits to consumers with only those strains in the “food supply”?

Probiotic species are currently recognized as appropriate for use in foods and dietary supplements by regulatory agencies
globally with strain-specific information needed only to justify safety when justification is required.

Modernization of the interpretation of dietary substance is needed to acknowledge the appropriate nature of probiotics as a
category to supplement the diet of those lacking beneficial microbes.

The origin of the probiotic is out of scope — safety is the appropriate regulatory burden.

Beneficial microbes comprise the gut microflora, many of which are health-promoting and not intentionally added to the
food supply.

DSHEA findings indicate that dietary supplements are intended to improve the health status of US citizens, that consumers
should be empowered, and that the federal government should not take any actions to impose unreasonable regulatory
barriers limiting or slowing the flow of safe products and accurate information to consumers.

Probiotics are dietary substances which supplement the diet of US consumers, providing health and wellness.
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S THE PRO-HEALTH ASK & GOALS
/The ASK: \

* ‘Dietary Substance’ should ideally be interpreted as substances appropriate* for use in dietary
supplements and not restricted to the current food supply.

* Limitation of dietary substances to those identified as present in the “food supply” is out of
line with subpart E as an innovation clause.

* Implement a technical amendment to list probiotics as a recognized dietary ingredient within
subpart E of 201(ff).

* Probiotics meet criteria of a dietary substance despite their source.
* Standardize the regulatory burden among dietary ingredients and dietary substances.

The GOALS:

* To allow the consumer to have access to modern-day microbiome science solutions that allow
general well-being and restoration of the microbiome.

* To allow innovative ingredients isolated from the environment or healthy individuals to be
\ considered for use in dietary supplements. J

*Appropriate is a question of safety and intended use, meeting appropriate regulatory standards (NDI, labeling, etc)

Public
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Session 3 Reminders

i e veip oy onis |

* Please keep your Q&A in-line with this session - Identity attributes for
ingredient types (proteins, enzymes, and microorganisms)

e

* Be sure to speak your remarks into the microphones.
e Introduce yourself with your name and organization

et Fonsaen o |
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Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Session 3:
Question and Answer
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Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Session 4:
Open public comment

Moderator: Cara Welch, Director, ODSP, HFP, FDA

FDA Panelists:

Shontell Wright, Chemist, ISB, DRE, ODSP, HFP, FDA

Betsy Jean Yakes, Identity and Status Branch Chief, DRE, ODSP, HFP, FDA
Phil Yeager, Director of Research and Evaluation, ODSP, HFP, FDA
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Public Meeting: Exploring the Scope of Dietary
Supplement Ingredients

Thank you for attending!

Docket No. FDA-2026-N-2047
Docket is open for comment until April 27, 2026
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