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GFI is an international network of nonprofit
think tanks developing the roadmap for a
sustainable, secure, and just protein supply.

We are a force multiplier, bringing
the expertise of our 180+ staff across
our six regions to the rest of the world

Our work spans three areas:

Science and Tech Corporate Engagement Policy

Advance foundational, Partner with companies Work with policy actors
open-access research @ and investors to unlock to secure support for
across alternative funds, innovation, and R&D and ensure

proteins scale regulatory clarity




Protein diversification

Plant-based \ =1 Cultivated




Institute APAC.

Sﬁ Good Food

GFI introduction

Plant-based meat (PBM)

1
n The Science: Three pillars of alternative proteins
Agenda | °
gen a 4 Fermentation-derived (FD) proteins/ingredients
5 Cultivated meat (CM)
6

What the future holds



Production value chain: Plant-based meat (PBM)
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Fermentation applications in alternative proteins

TRADITIONAL FERMENTATION

» Uses intact live microorganisms to
modulate and process plant-derived
ingredients.

« Produces unique flavour and

nutritional profiles, modified texture.

o4

better I _H "
nature

BIOMASS FERMENTATION PRECISION FERMENTATION

» Uses microbial hosts to produce specific
functional ingredients that often require
greater purity.

« Ingredients enable improved sensory
characteristics, functional attributes.

S IMPOSSIBLE @

Clara Foods

» Leverages microorganism fast growth
and high protein content to produce
large protein quantities.

« Biomass serves as predominant or
primary ingredient of a food product.

MEATI Fyind

FOODS

AT Geltor
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Production value chain: Fermentation-derived
(FD) ingredients

FEEDSTOCK OPTIMISATION

Any source of biomass can theoretically
serve as a feedstock for
fermentation-based protein production.

*

STRAIN DEVELOPMENT &
TARGET SELECTION

The cells are optimised for
production of the desired target
molecule of interest via
selection and/or engineering.

BIOPROCESS DESIGN

The cells are added to a
bioreactor along with cell
culture media containing
the feedstocks.

The conditions inside the
bioreactor allow the cells to
proliferate and, if
applicable, accumulate
their target molecules.

FINAL PRODUCT FORMULATION AND

MANUFACTURING

The whole cell biomass or
fractions thereof can be
harvested to produce a
ingredients for alternative
meat, egg, or dairy
production.

Alternatively, a specific
target expressed by the
cells can be isolated and
purified for use as a
high-value functional
ingredient.

Whole biomass

Functional ingredient

@D




Production value chain: Cultivated meat (CM)

L ¢ ¢ oo,
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SAMPLING CELL PROLIFERATION ’.-‘"{.'. ok TISSUE MATURATION
A small sample of cells is The cells are added to ‘* Sure A change in culture
obtained from an animal. a bioreactor along with e conditions pushes the cells
cell culture media, ' to differentiate into muscle,
which causes the cells fat, and connective tissue.

y’ to proliferate.
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Medium Recycling - i
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Final product
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CELL STARTER CULTURE

i i CELLS AT MATURATION Fat P Muscle
’7 ? Primarily muscle, fat, and cell . , cell '
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Benson Hill crop breeding technologies

Fewer processing
steps; energy, water
and cost savings,
fewer additives

Responsibly
grown; reduced ——
CO, footprint

Reducing cycle
numbers to get the
desired traits

Connecting the
insights: behavioral,
sensory and nutritional

Which traits should the
protein have?

&

Consumer Sl
Needs Al ln5|ghts

Identifying the

L LR B L - L IR IR

CropOS’ BESlill — macicin s

attributes

HENETE
Varietal
Selection
’ Proprietary gene
Identifying selection markers:
DNA structures | automated process

70% less water

50% less CO2
emission

4
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Benson Hill partnerships with Kelloggs & ADM ‘:E

=7
ADM

Scaling up ultra-high protein soybeans

FARMS

Helloggs




13

Expansion of raw materials for plant-based meat

G
@ EQUINOM g
Sleaft .

FOODS
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Offering the best of nature™
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Novel innovation for PBM productions

E \§\
. \
: . A\
Fat ingredients

ETH Zurich @



https://ethz.ch/en/news-and-events/eth-news/news/2022/03/plant-base-steak-made-from-pea-protein.html
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Alternative texturisation technologies

NOVA
MEAT

(i) iRJS
<+— Gelatin solution

(ii) Reservoir

(] L] L] L] L] / . ,.7.
(immersion rotary jet spinning) fwm T A \

Rotating
reservoir

Precipitation Bath vortex
Extrusion }

Fiber collection
—_—

@D

credits: Tenderfood, NovaMeat



https://tenderfood.com/
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Feedstock optimisation from bench to pilot scale  ,

Food Bioscience
Volume 47, June 2022, 101637

ELSEVIER

Demo-scale production of protein-rich fungal
biomass from potato protein liquor for use as

Bubble colurpn Bubble colu.mn Airlift R&?actor innovative fO 0 d an d f‘e e d pr o du ct S
Reactors (4.5 litres) Reactor (26 litres) (120(|) litres)
1

1
1 : Taner Sar* & &, Karin Larsson ®, Rikard Fristedt ®, Ingrid Undeland ®, Mohammad J. Taherzadeh ?

T. Sar, et al.Demo-scale production of protein-rich fungal biomass from potato protein liquor for use as @

Fungal Biomass innovative food and feed products, Food Bioscience, Volume 47, 2022, 101637, ISSN 2212-4292,




Novel feedstocks for microbial protein production

Upcycling food waste
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Product development in precision fermentation

Production of bovine beta-lactoglobulin (BLG) and hen egg ovalbumin (OVA) by
Trichoderma reesei using precision fermentation technology and testing of their

techno-functional properties

4 )

Expression
vector

/ \ / Structure of foam

Analysisof — _ _ _Z
production - — =

Synthetic level =

OVA or
BLG gene

+
Assembled
expression
construct
Expression

Characterization
construct
introduced ( @
QT. reesei J \ /
-
Production strain Bioreactor Characterization Functionality
construction )L cultivation ) and purification X analysis ) :

Purification

VTT Tr-BLG and Tr-OVA:https://doi.org/10.1016/j.foodres.2022.112131; VTT Tr-BLG LCA: https://doi.org/10.1007/s11367-022-02087-0



https://doi.org/10.1016/j.foodres.2022.112131
https://doi.org/10.1007/s11367-022-02087-0
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Bioprocess developments for medium recycling

Original Paper | Published: 12 September 2022

A circular cell culture system using microalgae and
mammalian myoblasts for the production of sustainable
cultured meat

Journal of Cleaner Production
Volume 377, 1 December 2022, 134436

ELSEVIER
Circular production — Evaluation of membrane Deltanadn B e b L il 2
teChllOlOgies for nutrient recycling from a Archives of Microbiology 204, Article number: 615 (2022) | Cite this article

microbial fermentation effluent ) ) ) )
(b) Innovative cultured meat production using circular cell culture (CCC) system

, Kerstin Rastidter ®, Julian Quehenberger &, Oliver Spadiut b, Jérg Krampe
Hydrolysis
% o Nutrient extracti
Recovery of nutrients and H,SO, from the fermentation by ED/EDBM process . 89 HEHANE EXTIALON
Microalgae
< Z
| yA = -
Fermelrlltation N e > Y ... o~ -
A - Acid recovery Gm‘;t: f—actor
B:7 Base production - roducing cell culture
C - Concentrate/Nutrients - - p ng
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D - Diluate ‘
Basc reuse ’ g o
Filtration - Microalgae culture = \
Product Permeate g 9 \
= —
= 1 T
E == /
2 = /
Lo Water reuse o _/_,/
Myoblast culture waste medium Cultured meats

https://doi.org/10.1016/j.jclepro.2022.134436; https://doi.org/10.1007/s00203-022-03234-9



https://doi.org/10.1016/j.jclepro.2022.134436
https://doi.org/10.1007/s00203-022-03234-9

Precision fermentation products enabling other :
pillars of alternative proteins

Precision fermentation heme proteins m L‘P aleo

Foods. 2022 Jul; 11(13): 1985. PMCID: PMC9265346
Published online 2022 Jul 5. doi: 10.3390/foods11131985 PMID: 35804800

Bioresource Technology
Volume 363, November 2022, 127884

Improving the Aromatic Profile of Plant-Based Meat Alternatives: Effect of Myoglobin
Addition on Volatiles

Jolien Devaere,? Ann De Winne,! Lore Dewulf,? lise Fraeye,? Irena Solji¢,2 Elsa Lauwers,2 Andy de Jong,3 and

High-level secretory production of leghemoglobin Hermes Sanctorum?* \ ¥V

in Pichia pastoris through enhanced globin
expression and heme biosynthesis Mutated AOX1 promoter for improved expression and/or

IMP“SSIB[EM expression without methanol

a9 United States
a2 Patent Application Publication (o) Pub. No.: US 2020/0332267 A1l

Youran Shao * °, Changlu Xue ¢, Wengqian Liu  °, Sigi Zuo * °, Peilian Wei ¢, Lei Huang  °

,Jiazhang Lian % 9 & &, Zhinan Xu

7 N\ Hoyt et al. (43) Pub. Date: Oct. 22,2020
Mitochondrion HEME {@ _
SuccinylkCoA = AP T TT==-= > -
e HEmsI /&/ (54) MATERIALS AND METHODS FOR PROTEIN Publication Classification
Glycine PRODUCTION (51) Int.Cl
Protoporphyrin IX = A B
HEM11 HEM14 1 (71) Applicant: Impossible Foods Inc.. Redwood City. E;g: ?/GIZ() 88823:; Granted 08/30/2022
5-aminolevulinic Co-translational l Complementation | CA (US) (52 U Q‘ (.|> i
eid 5 . folding I ku70 for large-scale 1 ) e
rotoporphyrinogen IX 1 e naatatan |
(ALA) L I 529 mg/iL 1
HEM13 nucleus I transcription 1 A 1
B HEI:IZb.I. |\ : consolidation I e
orphobilinogen c i I —— 1
e R - ———o A ' WO 2022/221407 Kyo mel PCT/US2022/024616
! 1
HEM3 ”EM"I IV —Bi— | Gene dosage
HEMA4 ) = , optimization 1
&,. ymethylbi Uroporphyrinogen Il =2 / \ 42mgll ) Next Generation Meat Proteins
N (e Ed T ~ T v ~ ~ ~ T '3 v
TRANSGENIC PLANTS COMPRISING MYOGLOBIN AND METHODS FOR

B LegH gene driven by AOX1p [) LegH gene driven by TEF1p

PRODUCING MYOGLOBIN IN TRANSGENIC PLANTS

https://doi.org/10.1016/j.biortech.2022.127884, https://doi.org/10.3390/foods 11131985
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High-yield cell lines for serum-free production of

cultivated meat

Cell density (10° ml™)

Adaptation process
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Summary of outcomes from three independent runs

Run outcomes Value

Max. cell density 99 + 9 x 10° cells per ml
Glucose consumption 270+ 34 g

Lactate production 150+ 38¢g

Ammonium production 22+1g

Accumulated base 332 +90 ml



https://www.nature.com/articles/s43016-022-00658-w

High-yield cell lines for serum-free production of §
cultivated meat

® »
¢ |

Cell culture - Aroma, flavour CHIERen bredass &
Fibroblasts Lecithin Cultured fat Cooking X

@@»ﬁ @f

Plant base - Texture

Soy High-moisture Texturized Cultured
protein extrusion protein chicken
> oA > e —>
Impression Forced choice Nutrition Profile Soy base  Cultured  Chicken
P (n=30) chicken breast
Energy (kcal 100 g™ 157.0 137.0 106.0
Protein (g 100 g™) 22.5 19.1 19.8
Experience Flavour o7z Fat by hydrolysis (g 100 g™') 4.7 4.5 2.9
Saturated fat (g 100 g™") 0.4 0.7 0.9
33% Cholesterol (mg 100 g™") 0.0 56.9 89.8
Carbohydrates (g 100 g™') 1.6 0.8 0.1
Sodium (mg 100 g™) 399.0 346.2 157.0
Aroma Texture Soy Cuituisd Ash for minerals (g 100 g™ 1.0 0.9 1.2
base chicken

Pasitka et al. (2022). Nature Food



https://www.nature.com/articles/s43016-022-00658-w

Serum-free media closer to being the norm

Standard Simplified
Protocol Protocol
L\
Bovine, ovine, porcine
& murine adipogenic
precusor cells
. + L5
' FBS-containing . FBS-free |
! differentiation . differentiation |
| . = 3-step 1-step | o
' PPARy agonist adipogenic adipogenic ' PPARy agonist :
: Insulin protocol protocol : Insulin
' Dexamethasone T 'De ne |
IBMX ; )
- - ' :
Insufficient Robust
differentiation differentiation
across specles across species

Mitic et al., iScience; Schenzle et al., bioRxiv
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https://www.sciencedirect.com/science/article/pii/S2589004222020958?ref=pdf_download&fr=RR-2&rr=78c3fd2199458c5d
https://www.biorxiv.org/content/10.1101/2022.11.13.516330v1
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Advances in microcarriers

Micro-carrers Modular assembly Bioengineered .
.,.-%.’ ex in 3D-printed mold meatballs ®
vy 5

-
>

Scalable expansion and differentiation

Micro-carriers

. 'A- - ) _~;“
D B
Fha

v

Fat bioreactor Fat micro-tissue

’ r "

Adipose
progenitor cells




Cultivated meat com

Aleph Farms

Biomaterials 284 (2022) 121487

Biomaterials

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

Contents lists available at ScienceDirect

3 3 3 5 ne
3D-printable plant protein-enriched scaffolds for cultivated Ee
meat development
Iris Ianovici *, Yedidya Zagury *, Idan Redenski”, Neta Lavon b Shulamit Levenberg ab,
* Department of Biomedical Engineering, Technion - Israel Instinute of Technology, Haifa, 3200003, Israel
* Aleph-Farms Led., Rehovot, 7670609, Israel
ARTICLE INFO ABSTRACT

L]

Rewonds Cultivated meat hamesses tissue engineering (TE) concepts to create sustainable, edible muscle tissues, for B T h F d
Three dimensional bioprinting addressing the rising meat product demands and their global consequences. As 3D-printing is a promising |0 ec 00 s
Tissue engineering method for creating thick and complex structures, two pl ched scaffolding itions were

Cultured meat
Engineered bovine muscle tissue

primarily assessed in our work as 3D-printable platforms for bovine satelite cells (BSC) maturation. Mixtures of

nea nratein isalate (PPI) and sov protein islate (SPD) with BGD-madified aleinate (Alei weere eyal-

www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Application of texture analysis
methods for the characterization
of cultured meat

Jacobo Paredes?, Diego Cortizo-Lacalle?, Ane Miren Imaz'?, Javier Aldazabal*? &
Mercedes Vila®”

Mechanical characterization supposes a key step in the development of cultured meat to help
mimicking the sensorial properties of already existing commercial products based on traditional meat.
This work presents two well stablished methods that can help studying cultured meat mechanical
characteristics: texture profile lysis (double comp ion test) and rheology. These tech

anies are sharing insights

Mosa Meat

bioRxiv preprint doi: https/idoi.org/10.1101/2022.01.14.476358: this version posted January 17, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. Al rights reserved. No reuse allowed without permission.

Comparative analysis of cattle breeds as satellite cell donors for
cultured beef

Lea Melzener'?, Shijie Ding®, Rui Hueber', Tobias Messmer'? Guanghong
Zhou®, Mark J Post'?, Joshua E Flack*'

Affiliations:

"Mosa Meat B.V., Maastricht, The Netherlands

Department of Physiology, Maastricht University, Maastricht, The Netherlands

* Lab of Meat Processing and Quality Control, College of Food Science and Technology, Nanjing
Agricultural University, Nanjing, China

npj | Science of Food

www.nature.com/npjscifo

od

ARTICLE OPEN M) Check for updstes

Muscle-derived fibro-adipogenic progenitor cells for
production of cultured bovine adipose tissue

Richard G. J. Dohmen'?, Sophie Hubalek'?, Johanna Melke', Tobias Messmer %', Federica Cantoni', Arianna Mei', Rui Hueber',
Rada Mitic'?, Dirk Remmers', Panagiota Moutsatsou (', Mark J. Post'?, Laura Jackisch ('™ and Joshua E. Flack '®

Cultured meat is an emergent technology with the potential for significant environmental and animal welfare benefits. Accurate
mimicry of traditional meat requires fat tissue; a key contributor to both the flavour and texture of meat. Here, we show that fibro-

adipogenic progenitor cells (FAPs) are present in bovine muscle, and are transcriptis and distinct from
satellite cells. These two cell types can be purified from a single muscle sample using a simple fluorescence-activated cell sorting
(FACS) strateqgy. FAPs high levels of ic potential, as by gene changes and lipid

M) Chock for updal

A serum-free media formulation for cultured
meat production supports bovine satellite cell
differentiation in the absence of serum starvation

Tobias Messmer ©'2, lva Klevernic', Carolina Furquim', Ekaterina Ovchinnikova', Arin Dogan®',
Helder Cruz', Mark J. Post'2 and Joshua E. Flack 1%

Culmred mut prnductlon requires the robust differentiation of satellne :ells into mature muscle fibres without the use of
Current induce in vitro through serum starvation, that is, an

tos
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Connections between alternative protein pillars

Plant-based
sidestreams &

Plant-based ingredients Fermentation- waste
derived as feedstock
enzymes
Alternative
Fermentation- .
. . protein
Fermentation et ..
ingredients finished
products
Fermentation- Cultivated
Cultivated ingredients derived meat

growth factors production

waste as

edstoc
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Data will be central to the next generation of PBM

L

CROP " * _
QPAWMIZATION

plant-based meat

RAW MATERIAL
OPTIMIZATION
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COMPOSITION AND ‘
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- GENOTYPE - FUNCTIONALITY )t?’\
- PHENOTYPE - PROTEIN STRUCTURING "
- MACRONUTRIENTS - CONSUMER PREFERENCE
- MICRONUTRIENTS - SOIL CONDITIONS

30



Investment across alternative proteins

APAC annual alternative protein invested capital and deal count

$600

Total invested capital: $1.2 billion

2022 invested capital: $562 million
$500

$400

$300
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Invested capital (millions)

$100 ’

$0

2015 2016 2017 2018

M Plant-based Fermentation

Source: https://gfi-apac.org/defying-economic-headwinds-apac-alt-protein-investments-soared-in-2022/
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https://gfi-apac.org/defying-economic-headwinds-apac-alt-protein-investments-soared-in-2022/
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Alternative protein market trend predictions for 2023

ALTERNATIVE PROTEIN
ALIGNMENT WITH
ESG INVESTING

MORE FDA GREENLIGHT MERGERS AND
OF CULTIVATED MEAT ACQUISITION

CORPORATIONS CONSUMER INSIGHTS AS RISK ASSESSMENTS AS
PARTNERING WITH ALT ii?(LEECUET\I'II:'AR(I;I;::II:\zEES A KEY DEVELOPMENT GROUNDWORK FOR
PROTEIN COMPANIES TOOL AGILE STARTUPS

Source: https://gfi.org/blog/the-top-7-alternative-protein-trends-fueling-optimism-in-2023// Icon credits: Flaticon.com
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