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This Week in 90 Seconds EXECUTIVE SUMMARY
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Cell Culture Technology: the boundary moved
from isolated claims to qualification evidence
11 English articles were reviewed independently from the Japanese edition. Ten themes are retained for management
decisions.

SIGNAL 01 | CELL LINE

Formo: FDA timeline for precision
fermentation casein in 2026
German startup Formo is expected to receive a 'No Questions 
Letter' from the U.S. FDA regarding its GRAS assessment for 
precision-fermented casein within weeks, signaling its 
readiness for U.S. market entry and production scale-up.

SIGNAL 02 | MEDIA & MATERIALS

I Peace: Clinical-grade iPSC mass
production specs for 2026
I Peace has developed a fully-closed automated
manufacturing system capable of mass-producing
clinical-grade induced pluripotent stem cell (iPSC) lines,
successfully meeting stringent FDA and PMDA safety
standards.

SIGNAL 03 | BIOPROCESS

Viral Vectors: Wave-mixed vs stirred-tank
bioreactor specs
A comparative analysis of bioreactor platforms for viral
vector manufacturing reveals distinct advantages:
wave-mixed bioreactors, offering low shear, are ideal for
shear-sensitive lentivirus, T-cell expansion, and insect-cell
baculovirus applications.

SIGNAL 04 | ANALYTICS & RELEASE

FDA vs. EMA: CGT manufacturing GMP
specs and 2026 differences
The FDA and EMA employ distinct strategies for
manufacturing controls and GMP requirements for cell and
gene therapy (CGT) products at the Investigational New Drug
(IND)/Clinical Trial Application (CTA) stage.

DECISION

Focus this week's management attention on cell quality, process control, scale-up and 
release evidence. Move only when the linked evidence can be reproduced under your own 
operating conditions.

THREE MANAGEMENT MOVES
1. Buyers: define critical quality attributes and comparability before changing media, vessels or automation.
2. Suppliers: link media, sensors and equipment to yield, phenotype, contamination control and traceability.
3. Executives: track scale effects, variability, sterility, analytics, cost and regulatory comparability.

EVIDENCE DISCIPLINE
FACT states what the collected English source reports. BUSINESS READ and ACTION are editorial interpretations. UNKNOWN lists
information that the source file does not establish. A linked article is not treated as independent confirmation of every claim.



Five Evidence Anchors SOURCE-BOUND METRICS
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Five numbers or evidence anchors that require conditions

30%
A11

SOURCE-BOUND CONDITION

This collaboration aims to optimize the production of fermented grape pomace purees and
powders while achieving up to a 30% reduction in energy consumption.

$36.5
million

A04

SOURCE-BOUND CONDITION

The UC Davis-led CYBORGEL project has been awarded up to $36.5 million in ARPA-H
funding to pioneer room-temperature storage solutions for cellular therapies.

P03
A05

SOURCE-BOUND CONDITION

A comparative analysis of bioreactor platforms for viral vector manufacturing reveals
distinct advantages: wave-mixed bioreactors, offering low shear, are ideal for
shear-sensitive lentivirus, T-cell expansion, and.

P04
A06

SOURCE-BOUND CONDITION

The FDA and EMA employ distinct strategies for manufacturing controls and GMP
requirements for cell and gene therapy (CGT) products at the Investigational New Drug
(IND)/Clinical Trial Application (CTA) stage.

P05
A11

SOURCE-BOUND CONDITION

Canadian AgriTech firm Crush Dynamics has partnered with AI development company
Atomic47 Labs to scale food fermentation processes using artificial intelligence.

HOW TO USE THESE NUMBERS
Each value is shown with the condition stated in the collected English article. Do not compare values across
different test methods, device sizes, operating temperatures or commercial stages without normalizing those
conditions.



Where the Value Chain Moved VALUE CHAIN / EVIDENCE
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Where the value chain moved
Each stage combines one leading theme and one supporting theme. The report treats handoffs as evidence transfers,
not decorative arrows.

1

Cell line
P01/P06

German startup 
Formo is expected to 
receive a 'No 
Questions Letter' from 
the U.S.

2

Media & 
materials
P02/P07

I Peace has developed
a fully-closed
automated manufactu
ring system capable of
mass-producing
clinical-grade induced.

3

Bioprocess
P03/P08

A comparative
analysis of bioreactor
platforms for viral
vector manufacturing
reveals distinct
advantages:
wave-mixed.

4

Analytics & 
release
P04/P09

The FDA and EMA
employ distinct
strategies for
manufacturing
controls and GMP
requirements for cell
and gene therapy
(CGT).

5

Manufacturin
g scale
P05/P10

Canadian AgriTech
firm Crush Dynamics
has partnered with AI
development
company Atomic47
Labs to scale food
fermentation.

EVIDENCE REQUIRED AT EACH HANDOFF

Cell line to Media & materials Transfer test conditions, acceptance criteria, failure data, owner and decision date.
Recheck scale effects, variability, sterility, analytics, cost and regulatory comparability.

Media & materials to Bioprocess Transfer test conditions, acceptance criteria, failure data, owner and decision date.
Recheck scale effects, variability, sterility, analytics, cost and regulatory comparability.

Bioprocess to Analytics & release Transfer test conditions, acceptance criteria, failure data, owner and decision date.
Recheck scale effects, variability, sterility, analytics, cost and regulatory comparability.

Analytics & release to 
Manufacturing scale

Transfer test conditions, acceptance criteria, failure data, owner and decision date.
Recheck scale effects, variability, sterility, analytics, cost and regulatory comparability.

COMMON CONTROL POINT

No theme moves to a commercial commitment until a named owner has reproduced the
relevant evidence and documented scale effects, variability, sterility, analytics, cost and
regulatory comparability.



Priority Map MATURITY / NEXT DECISION LOCUS
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Priority map: maturity and next decision locus

Next decision locus (categories)

Deployment maturity →

Research Prototype Joint eval. Adoption Scale

Tech / process

System / adoption

Business / rules P01

P02

P03

P04

P05

P06

P07

P08

P09

P10

P01 Formo: FDA timeline for precision
fermentation casein in 2026
Business / rules | cue: FDA

P02 I Peace: Clinical-grade iPSC mass
production specs for 2026
System / adoption | cue: Clinical

P03 Viral Vectors: Wave-mixed vs
stirred-tank bioreactor specs
Business / rules | cue: standard

P04 FDA vs. EMA: CGT manufacturing
GMP specs and 2026 differences
Business / rules | cue: FDA

P05 Crush Dynamics: AI food
fermentation specs for 30% energy
cut
System / adoption | cue: partnered

P06 Multifors 3: INFORS HT 23-day
perfusion culture specs
Business / rules | cue: NIST

P07 AI Bioreactors: Novonesis and ISU
enzyme production explained
Business / rules | cue: funding

P08 CYBORGEL: UC Davis $36.5M ARPA-H
cell therapy storage timeline
Business / rules | cue: funding

P09 CAR-T/NK cells: Immunomodulatory
expansion and 2026 regulatorys
Business / rules | cue: regulatorys

P10 OXGENE: Minaris and Asimov AAV
cell line manufacturing roadmap
System / adoption | cue: partnered

REPRODUCIBLE POSITIONING RULE
Horizontal position uses five discrete stages: Research, Prototype, Joint evaluation, Product adoption and Scale. The vertical
bands classify the next decision locus: Tech / process, System / adoption, or Business / rules (including supply systems).
Article-title cues take precedence; the overview is used only when the title is silent. These are categories, not impact ranks. Bubble
diameter reflects the editorial score.



Priority Themes 01-02 FACT / READ / ACTION / UNKNOWN
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FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

P01 Formo: FDA timeline for precision fermentation casein in 2026

A07 | Cell line | Product adoption Date not stated

FACT
German startup Formo is expected to receive a 'No 
Questions Letter' from the U.S. FDA regarding its GRAS 
assessment for precision-fermented casein within weeks, 
signaling its readiness for U.S. market entry and production 
scale-up. This paves the way for commercialization of its 
animal-free dairy protein in the U.S. Concurrently, 
U.S.-based New Culture has secured a second patent for its 
animal-free casein and is preparing for product launch in the 
foodservice sector.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P01.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 22/25 | MATURITY 4/5 | DECISION LOCUS: BUSINESS / RULES

P02 I Peace: Clinical-grade iPSC mass production specs for 2026

A01 | Media & materials | Scale-up Date not stated

FACT
I Peace has developed a fully-closed automated
manufacturing system capable of mass-producing
clinical-grade induced pluripotent stem cell (iPSC) lines,
successfully meeting stringent FDA and PMDA safety
standards. This breakthrough addresses critical challenges
in iPSC manufacturing, including standardization, quality
control, and scalability, paving the way for wider
commercialization of iPSC-derived cell therapies.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P02.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 22/25 | MATURITY 5/5 | DECISION LOCUS: SYSTEM / ADOPTION



Priority Themes 03-04 FACT / READ / ACTION / UNKNOWN
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FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

P03 Viral Vectors: Wave-mixed vs stirred-tank bioreactor specs

A05 | Bioprocess | Product adoption Date not stated

FACT
A comparative analysis of bioreactor platforms for viral
vector manufacturing reveals distinct advantages:
wave-mixed bioreactors, offering low shear, are ideal for
shear-sensitive lentivirus, T-cell expansion, and insect-cell
baculovirus applications, typically at clinical scales under
200 L. Conversely, high-shear stirred-tank bioreactors are
the industry standard for commercial AAV production with
stable HEK293 lines, scaling up to 2,000 L where high kLa
and predictable scale-up are paramount.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P03.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 21/25 | MATURITY 4/5 | DECISION LOCUS: BUSINESS / RULES

P04 FDA vs. EMA: CGT manufacturing GMP specs and 2026 differences

A06 | Analytics & release | Product adoption Date not stated

FACT
The FDA and EMA employ distinct strategies for 
manufacturing controls and GMP requirements for cell and 
gene therapy (CGT) products at the Investigational New 
Drug (IND)/Clinical Trial Application (CTA) stage. The FDA 
champions a 'phase-appropriate cGMP' model, allowing for 
tailored controls that scale with clinical development, 
whereas the EMA generally mandates a GMP-licensed and 
Qualified Person (QP)-covered manufacturing operation 
before the first patient dose.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P04.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 20/25 | MATURITY 4/5 | DECISION LOCUS: BUSINESS / RULES



Priority Themes 05-06 FACT / READ / ACTION / UNKNOWN
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FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

P05 Crush Dynamics: AI food fermentation specs for 30% energy cut

A11 | Manufacturing scale | Product adoption Date not stated

FACT
Canadian AgriTech firm Crush Dynamics has partnered with
AI development company Atomic47 Labs to scale food
fermentation processes using artificial intelligence. This
collaboration aims to optimize the production of fermented
grape pomace purees and powders while achieving up to a
30% reduction in energy consumption.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P05.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 20/25 | MATURITY 4/5 | DECISION LOCUS: SYSTEM / ADOPTION

P06 Multifors 3: INFORS HT 23-day perfusion culture specs

A09 | Cell line | Research Date not stated

FACT
INFORS HT has published an application note detailing the 
successful 23-day long-term perfusion culture of NIST CHO 
cells using its Multifors 3 benchtop bioreactor. The study 
proves the Multifors 3's suitability for extended perfusion 
processes and its integrated control capabilities for critical 
bioreactor variables, including gravimetric volume control, 
feeding rates, pH, dissolved oxygen, and biomass.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P06.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 20/25 | MATURITY 1/5 | DECISION LOCUS: BUSINESS / RULES



Priority Themes 07-08 FACT / READ / ACTION / UNKNOWN
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FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

P07 AI Bioreactors: Novonesis and ISU enzyme production explained

A08 | Media & materials | Product adoption Date not stated

FACT
Iowa State University (ISU) and Novonesis, with funding
from BioMADE, have developed AI-powered bioreactors
featuring a machine learning framework. This innovative
technology enables real-time monitoring and optimization
of bioprocess parameters, significantly improving batch
consistency in enzyme production and accelerating
time-to-market. Researchers are now actively collaborating
with private companies to develop even more autonomous
bioreactor systems, paving the way for next-generation
biomanufacturing.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P07.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 20/25 | MATURITY 4/5 | DECISION LOCUS: BUSINESS / RULES

P08 CYBORGEL: UC Davis $36.5M ARPA-H cell therapy storage timeline

A04 | Bioprocess | Research Date not stated

FACT
The UC Davis-led CYBORGEL project has been awarded up to 
$36.5 million in ARPA-H funding to pioneer 
room-temperature storage solutions for cellular therapies. 
This initiative aims to drastically reduce current cold-chain 
logistics costs and enhance accessibility by using 
intracellular gelation to create 'cyborg' cell-material hybrids 
that preserve cellular function during ambient storage and 
shipping.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P08.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 20/25 | MATURITY 1/5 | DECISION LOCUS: BUSINESS / RULES



Priority Themes 09-10 FACT / READ / ACTION / UNKNOWN

Troy Technical | Cell Culture Technology | cutoff 2026-09-25 10

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

P09 CAR-T/NK cells: Immunomodulatory expansion and 2026 regulatorys

A03 | Analytics & release | Research Date not stated

FACT
A recent academic review details advanced
immunomodulatory strategies poised to significantly
enhance ex vivo immune cell expansion for adoptive cell
therapies, including CAR-T and NK cells. The paper
systematically categorizes approaches into cell-intrinsic
(gene editing) and cell-extrinsic (cytokine supplementation,
bioreactor optimization) methods, demonstrating potential
for higher yields and improved cell functionality.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P09.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 20/25 | MATURITY 1/5 | DECISION LOCUS: BUSINESS / RULES

P10 OXGENE: Minaris and Asimov AAV cell line manufacturing roadmap

A02 | Manufacturing scale | Product adoption Date not stated

FACT
Minaris and Asimov have partnered to develop superior 
producer cell lines for AAV gene therapy manufacturing, 
combining Minaris' OXGENE viral vector technology with 
Asimov's synthetic biology platform. This collaboration aims 
to resolve challenges associated with transient AAV 
production, specifically high costs, scalability limitations, 
and product quality inconsistencies.

WHY IT MATTERS
The decision relevance is cell quality, process control,
scale-up and release evidence. The signal should be tested
at the application and operating-system level, not accepted
from a headline alone.

BUSINESS READ
For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, link media, sensors and
equipment to yield, phenotype, contamination control and
traceability.

ACTION
Within 30 days, define critical quality attributes and
comparability before changing media, vessels or
automation; record the evidence and owner against P10.

UNKNOWN
Still unproven or incompletely stated: scale effects,
variability, sterility, analytics, cost and regulatory
comparability.

EDITORIAL SCORE 20/25 | MATURITY 4/5 | DECISION LOCUS: SYSTEM / ADOPTION



Playbook and Roadmap OWNERS / GATES / DELIVERABLES
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Playbook and 0-5 year roadmap

STAKEHOLDER NOW | 0-30 DAYS NEXT | 1-12 MONTHS LATER | 1-5 YEARS

Operating companies define critical quality
attributes and
comparability before
changing media, vessels
or automation

Run production-like
qualification with explicit
acceptance and stop
criteria.

Build a portfolio and
architecture that can
absorb technology and
supplier changes.

Materials, equipment and
technology suppliers

link media, sensors and
equipment to yield,
phenotype, contamination
control and traceability

Create shared reliability,
process-window and
failure-analysis data with
customers.

Standardize interfaces,
traceability, lifecycle
support and recovery
services.

Trading, investment and
legal teams

Map scale effects,
variability, sterility,
analytics, cost and
regulatory comparability.

Contract for capacity,
quality, change notice,
liability, alternatives and
exit.

Diversify regional,
technical and customer
concentration risk.

ROADMAP

NOW | 0-30 DAYS

Evidence ledger
Owner: Strategy + quality
Deliverable: claim, source, condition,
owner

NOW | 0-30 DAYS

Risk screen
Owner: Procurement + legal
Deliverable: unknowns, alternatives,
stop

NEXT | 1-12 MONTHS

Joint qualification
Owner: R&D + supplier
Deliverable: process window and
failure data

NEXT | 1-12 MONTHS

Commercial gate
Owner: Business + finance
Deliverable: unit economics and
capacity

LATER | 1-5 YEARS

Platform strategy
Owner: Executive team
Deliverable: portfolio and interface
roadmap

LATER | 1-5 YEARS

Service layer
Owner: Operations + channel
Deliverable: monitoring, maintenance
and recovery

GO / NO-GO GATES

GATE OWNER REQUIRED EVIDENCE NO-GO CONDITION

G1 Evidence Quality Source, test conditions and reproducibility No traceable evidence

G2 Integration R&D Interface, process window and failure analysis Cannot meet system
conditions

G3 Commercial Business Capacity, total cost, contract and alternatives Economics or supply cannot
be supported

G4 Lifecycle Operations Monitoring, maintenance, change notice and exit No accountable operating
plan



Analyzed Articles 1/1 FULL TITLES / FULL SOURCE URLS

Troy Technical | Cell Culture Technology | cutoff 2026-09-25 12

ANALYZED ARTICLES | ITEMS 01-11
Every title and URL is displayed in full. URLs wrap without shortening and remain clickable. A verified-reference label means the
translated HTML did not retain its original source URL.

ID FULL ARTICLE TITLE FULL SOURCE / VERIFIED REFERENCE URL - CLICKABLE

A01 I Peace: Clinical-grade iPSC mass production specs for 2026 https://bioinformant.com/ipsc-derived-cell-therapeutics/

A02 OXGENE: Minaris and Asimov AAV cell line manufacturing
roadmap

https://pharmasource.global/content/news/cdmo-news/minaris-partner
s-with-asimov-to-advance-aav-producer-cell-lines/

A03 CAR-T/NK cells: Immunomodulatory expansion and 2026
regulatorys

https://www.frontiersin.org/journals/immunology/articles/10.3389/fimm
u.2026.1861621/full

A04 CYBORGEL: UC Davis $36.5M ARPA-H cell therapy storage
timeline

https://www.ucdavis.edu/health/news/365m-funds-cyborg-cell-project-
help-life-saving-cell-therapies-travel-farther

A05 Viral Vectors: Wave-mixed vs stirred-tank bioreactor specs https://bioprocesstools.com/blog/wave-mixed-vs-stirred-tank-viral-vect
or/

A06 FDA vs. EMA: CGT manufacturing GMP specs and 2026
differences

https://rhizomeai.com/articles/fda-vs-ema-manufacturing-controls-and-
gmp-for-cell

A07 Formo: FDA timeline for precision fermentation casein in 2026 https://www.dairyreporter.com/Article/2026/09/17/alternative-proteins-
why-investors-still-see-potential/

A08 AI Bioreactors: Novonesis and ISU enzyme production
explained

https://megaproject.com/news/factory/ai-controlled-bioreactors-open-
doors-to-faster-more-precise-enzyme-production

A09 Multifors 3: INFORS HT 23-day perfusion culture specs https://infors-ht.com/getmedia/36d8ec7f-90d1-4234-be12-1f07ba19e9f1
/20260922-AP008-EN-Perfusion-NIST-CHO-Cells-Multifors-FHNW-Web

A10 Precision Fermentation: Imperial College London land use
study

https://mymodernmet.com/precision-fermentation-milk/

A11 Crush Dynamics: AI food fermentation specs for 30% energy
cut

https://www.foodnavigator.com/Article/2026/09/22/crush-dynamics-use
s-ai-to-scale-food-fermentation/

https://bioinformant.com/ipsc-derived-cell-therapeutics/
https://pharmasource.global/content/news/cdmo-news/minaris-partners-with-asimov-to-advance-aav-producer-cell-lines/
https://pharmasource.global/content/news/cdmo-news/minaris-partners-with-asimov-to-advance-aav-producer-cell-lines/
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2026.1861621/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2026.1861621/full
https://www.ucdavis.edu/health/news/365m-funds-cyborg-cell-project-help-life-saving-cell-therapies-travel-farther
https://www.ucdavis.edu/health/news/365m-funds-cyborg-cell-project-help-life-saving-cell-therapies-travel-farther
https://bioprocesstools.com/blog/wave-mixed-vs-stirred-tank-viral-vector/
https://bioprocesstools.com/blog/wave-mixed-vs-stirred-tank-viral-vector/
https://rhizomeai.com/articles/fda-vs-ema-manufacturing-controls-and-gmp-for-cell
https://rhizomeai.com/articles/fda-vs-ema-manufacturing-controls-and-gmp-for-cell
https://www.dairyreporter.com/Article/2026/09/17/alternative-proteins-why-investors-still-see-potential/
https://www.dairyreporter.com/Article/2026/09/17/alternative-proteins-why-investors-still-see-potential/
https://megaproject.com/news/factory/ai-controlled-bioreactors-open-doors-to-faster-more-precise-enzyme-production
https://megaproject.com/news/factory/ai-controlled-bioreactors-open-doors-to-faster-more-precise-enzyme-production
https://infors-ht.com/getmedia/36d8ec7f-90d1-4234-be12-1f07ba19e9f1/20260922-AP008-EN-Perfusion-NIST-CHO-Cells-Multifors-FHNW-Web
https://infors-ht.com/getmedia/36d8ec7f-90d1-4234-be12-1f07ba19e9f1/20260922-AP008-EN-Perfusion-NIST-CHO-Cells-Multifors-FHNW-Web
https://mymodernmet.com/precision-fermentation-milk/
https://www.foodnavigator.com/Article/2026/09/22/crush-dynamics-uses-ai-to-scale-food-fermentation/
https://www.foodnavigator.com/Article/2026/09/22/crush-dynamics-uses-ai-to-scale-food-fermentation/
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#01 I Peace: Clinical-grade iPSC mass production
specs for 2026

OVERVIEW

I Peace has developed a fully-closed automated manufacturing system capable of

mass-producing clinical-grade induced pluripotent stem cell (iPSC) lines, successfully

meeting stringent FDA and PMDA safety standards. This breakthrough addresses

critical challenges in iPSC manufacturing, including standardization, quality control,

and scalability, paving the way for wider commercialization of iPSC-derived cell

therapies. Concurrently, Cellistic, BeiGene, and Hebecell are advancing diverse

iPSC-based therapeutic platforms, ranging from CAR-NKT cells for multiple myeloma

to cost-effective T-cell and scalable NK cell therapies, signaling a robust pipeline for

next-generation treatments.

Published September 17, 2026  BioInformant  USA



IN DEPTH

Key Findings

I Peace has successfully developed a fully-closed automated manufacturing system

capable of mass-producing clinical-grade induced pluripotent stem cell (iPSC) lines,

rigorously adhering to both FDA and PMDA safety standards. This significant

achievement marks a crucial step toward industrializing iPSC-derived cell therapeutics,

by providing a scalable, consistent, and quality-controlled supply of these foundational

cells.

Technical / Clinical Details

The I Peace automated system minimizes contamination risks and streamlines the entire

manufacturing process, enhancing reproducibility and reducing human error. This

closed-system approach is vital for regulatory compliance and ensures the high-quality

required for clinical applications. In parallel, Cellistic is leveraging its 3D bioreactor-

based manufacturing platform, Echo, to advance iPSC-derived CAR-NKT cells into

Phase 1 trials for multiple myeloma, demonstrating progress in therapeutic development

and manufacturing efficiency. BeiGene is actively developing an iPSC platform focused

on reducing the cost-of-goods and improving accessibility for T-cell therapies.

Furthermore, Hebecell is commercializing allogeneic iPSC-derived NK cell therapeutics,

utilizing a feeder-free 3D-iPSC spheroid platform designed for highly scalable

production, addressing the demand for off-the-shelf cell therapy products.

Background & Context

iPSC technology holds immense promise in regenerative medicine and cell therapy, but

its commercialization has been hindered by the complexities of consistent, high-quality

cell supply and navigating stringent regulatory pathways. Traditional iPSC manufacturing

is often labor-intensive, costly, and difficult to scale. The advancements made by I Peace

and other companies directly confront these limitations, aiming to transform iPSC-

derived therapies from bespoke, patient-specific treatments to more broadly accessible,

standardized pharmaceutical products. The shift towards allogeneic therapies, using

master cell banks, is particularly impactful for market penetration and global patient

access.



Strategic Significance & Outlook

The successful development of automated iPSC manufacturing systems, as exemplified

by I Peace, is poised to accelerate the industrialization of iPSC-derived cell therapies.

This will likely lead to substantial reductions in treatment costs, stabilize supply chains,

and expand patient access globally. These innovations are critical for unlocking the full

potential of iPSC technology, promising new therapeutic options across a wide range of

diseases and driving significant growth in the regenerative medicine sector. The

continued evolution of iPSC manufacturing will be a key determinant in shaping the

future landscape of cell therapy.

Reference technology guide: Scale-Up: https://troy-technical.com/cell-culture-

technology-term-scale-up/

Source: https://bioinformant.com/ipsc-derived-cell-therapeutics/

Collected: September 25, 2026 | Automated Research System (Gemini API)
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#02 OXGENE: Minaris and Asimov AAV cell line
manufacturing roadmap

OVERVIEW

Minaris and Asimov have partnered to develop superior producer cell lines for AAV

gene therapy manufacturing, combining Minaris' OXGENE viral vector technology

with Asimov's synthetic biology platform. This collaboration aims to resolve

challenges associated with transient AAV production, specifically high costs,

scalability limitations, and product quality inconsistencies. Asimov's AAV Edge Stable

Producer System, leveraging genetic design, will create high-titer, clonal producer cell

lines, augmented by Minaris' viral vector development and manufacturing expertise.

Published September 25, 2026  PharmaSource  USA



IN DEPTH

Key Findings

Minaris and Asimov have forged a strategic partnership to develop higher-performing

producer cell lines, aiming to revolutionize the manufacturing of Adeno-Associated Virus

(AAV) gene therapies. This collaboration integrates Minaris' proprietary OXGENE viral

vector technology with Asimov's advanced synthetic biology platform, explicitly targeting

the resolution of critical manufacturing bottlenecks.

Technical / Clinical Details

Traditional AAV gene therapy manufacturing has predominantly relied on transient

transfection methods, which inherently present challenges such as high production

costs, limited scalability, and inconsistencies in product quality. This partnership directly

addresses these issues through a synergistic approach:

Asimov's AAV Edge Stable Producer System: This innovative system utilizes

sophisticated genetic design principles to create high-titer, clonal producer cell lines.

This advancement promises to standardize the manufacturing process, significantly

improving product consistency and reducing batch-to-batch variability.

Minaris' OXGENE Viral Vector Technology: Minaris contributes extensive expertise

in viral vector development and manufacturing. Its OXGENE technology, when

combined with Asimov's platform, enables more efficient vector design and optimized

production, which is crucial for maximizing yield and quality.

The adoption of stable producer cell lines is expected to lead to substantial reductions in

manufacturing costs, enable greater economies of scale, and enhance the overall quality

and safety profile of gene therapy products. This represents a pivotal advancement

toward making gene therapies more commercially viable and widely accessible.



Background & Context

While the gene therapy sector is experiencing rapid growth, AAV vector manufacturing

remains a significant bottleneck. The demand for a consistent, high-quality supply of

AAV vectors at commercial scale is an urgent industry challenge. Collaborations

between leading companies like Minaris and Asimov are essential for overcoming these

manufacturing hurdles and enabling broader patient access to gene therapies. This

partnership aims to set new standards for efficiency and quality in gene therapy

manufacturing by combining the distinct strengths of both organizations.

Strategic Significance & Outlook

The high-performing producer cell lines developed through this partnership are poised to

profoundly transform the manufacturing landscape for AAV gene therapies. Anticipated

reductions in manufacturing costs and improvements in scalability will make gene

therapies more affordable and accessible to a larger patient population. Furthermore,

enhanced product quality consistency will streamline regulatory approval processes and

potentially shorten time-to-market. The collaboration between Minaris and Asimov is

expected to accelerate the commercialization of gene therapies, contributing significantly

to the realization of next-generation medical treatments.

Source: https://pharmasource.global/content/news/cdmo-news/minaris-partners-with-asimov-to-advance-

aav-producer-cell-lines/

Collected: September 25, 2026 | Automated Research System (Gemini API)
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#03 CAR-T/NK cells: Immunomodulatory expansion
and 2026 regulatorys

OVERVIEW

A recent academic review details advanced immunomodulatory strategies poised to

significantly enhance ex vivo immune cell expansion for adoptive cell therapies,

including CAR-T and NK cells. The paper systematically categorizes approaches into

cell-intrinsic (gene editing) and cell-extrinsic (cytokine supplementation, bioreactor

optimization) methods, demonstrating potential for higher yields and improved cell

functionality. This foundational work addresses critical bottlenecks in clinical

manufacturing, such as scalability, cost efficiency, and regulatory compliance, paving

the way for broader accessibility and commercialization of these life-saving therapies.

Published September 17, 2026  Frontiers  Switzerland



IN DEPTH

Key Findings

This academic review comprehensively dissects immunomodulatory strategies designed

to dramatically improve the ex vivo expansion efficiency of immune cells for adoptive cell

therapies, particularly CAR-T and NK cell manufacturing. It provides a systematic

framework for understanding and implementing both cell-intrinsic and cell-extrinsic

approaches to optimize cell activation, differentiation, and persistence.

Technical / Clinical Details

Cell-intrinsic strategies involve advanced gene editing to bolster signaling pathways or

engineer expression of cell survival factors, aiming to enhance proliferation capacity and

anti-tumor efficacy. Concurrently, cell-extrinsicle strategies focus on optimizing the

cellular microenvironment through cytokine supplementation (e.g., IL-2, IL-7, IL-15),

specific media formulations, and precise control of bioreactor conditions (e.g., shear

stress, oxygen tension). These methods promise to yield larger quantities of therapeutic

cells with superior purity and potency in shorter timelines compared to conventional

expansion techniques. The review offers specific insights into preventing CAR-T cell

exhaustion, a critical factor for sustained anti-tumor responses, and discusses how to

translate these laboratory-scale successes into robust, reproducible clinical

manufacturing processes.

Background & Context

Despite their transformative potential in cancer treatment, adoptive cell therapies face

significant hurdles related to high manufacturing costs and scalability. Autologous

therapies, derived from individual patients, further complicate matters due to inherent

batch-to-batch variability in cell expansion and quality. The immunomodulatory strategies

outlined in this review are crucial for overcoming these challenges, enabling the

establishment of standardized, high-quality manufacturing processes. The paper also

provides essential guidance on navigating stringent regulatory requirements from bodies

like the FDA, EMA, and PMDA, particularly concerning ancillary material qualification,

process comparability, and robust process scalability for successful clinical translation.



Strategic Significance & Outlook

Optimizing these immunomodulatory strategies will directly lead to reduced

manufacturing costs, shortened treatment timelines, and increased patient access to cell

therapies. Looking ahead, the synergistic application of these techniques is expected to

accelerate the development of more efficient, safer, and high-quality 'off-the-shelf' cell

therapies. Continued research and close collaboration with regulatory agencies are vital

to integrate these strategies into routine clinical practice, ultimately bringing revolutionary

treatments to a wider patient population.

Source: https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2026.1861621/full

Collected: September 25, 2026 | Automated Research System (Gemini API)

https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2026.1861621/full


#04 CYBORGEL: UC Davis $36.5M ARPA-H cell therapy
storage timeline

OVERVIEW

The UC Davis-led CYBORGEL project has been awarded up to $36.5 million in

ARPA-H funding to pioneer room-temperature storage solutions for cellular therapies.

This initiative aims to drastically reduce current cold-chain logistics costs and

enhance accessibility by using intracellular gelation to create 'cyborg' cell-material

hybrids that preserve cellular function during ambient storage and shipping. The

project plans to validate the therapeutic efficacy of reanimated CAR T cells stored

with this novel process in clinical settings, potentially transforming the global

distribution of advanced cell therapies.

Published September 24, 2026  University of California, Davis  USA



IN DEPTH

Key Findings

The University of California, Davis-led CYBORGEL project has secured up to $36.5

million in funding from the Advanced Research Projects Agency for Health (ARPA-H) to

develop a groundbreaking room-temperature storage technology for cellular therapies.

This innovative approach promises to significantly lower the logistical costs and expand

the global accessibility of life-saving cell-based treatments.

Technical / Clinical Details

At the core of the CYBORGEL project is the "intracellular gelation" technique, which

involves introducing a biocompatible gelling agent directly into cells. This process

transforms cells into "cyborg" cell-material hybrids capable of maintaining structural

integrity and functional viability even in a desiccated state at ambient temperatures.

Upon rehydration, these cells are designed to regain their full therapeutic potential. This

technology directly addresses the current reliance on expensive and complex ultra-cold

chain logistics (e.g., liquid nitrogen storage) for sensitive cellular products like CAR-T

cells. The next phase of the project will involve rigorous testing of the stored and

reanimated CAR-T cells to confirm their efficacy and safety in preclinical models, with

ultimate validation in clinical environments.

Background & Context

Current cell therapies, including CAR-T cell treatments, necessitate ultra-cold storage

and transportation, which are major drivers of exorbitant manufacturing and distribution

costs. These logistical constraints restrict the delivery of these advanced treatments to

specialized facilities with cryogenic capabilities, severely limiting access in remote areas

and developing countries. The CYBORGEL project's room-temperature storage solution

could democratize access to cell therapies globally, bypassing the need for extensive

cold-chain infrastructure. This represents a significant leap towards equity in healthcare

and a potential commercial breakthrough for the cell therapy industry.



Strategic Significance & Outlook

Successful implementation of room-temperature storage could streamline the entire cell

therapy supply chain, from manufacturing to patient administration, leading to multi-

million dollar cost reductions. This could, in turn, contribute to lowering the currently high

treatment costs, making these transformative therapies available to a much broader

patient population. Beyond CAR-T cells, this technology holds promise for various other

cell-based therapeutics and regenerative medicine products, such as iPS cells, NK cells,

and tissue-engineered constructs, potentially impacting the entire biopharmaceutical

sector on a global scale.

Source: https://www.ucdavis.edu/health/news/365m-funds-cyborg-cell-project-help-life-saving-cell-

therapies-travel-farther
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#05 Viral Vectors: Wave-mixed vs stirred-tank
bioreactor specs

OVERVIEW

A comparative analysis of bioreactor platforms for viral vector manufacturing reveals

distinct advantages: wave-mixed bioreactors, offering low shear, are ideal for shear-

sensitive lentivirus, T-cell expansion, and insect-cell baculovirus applications, typically

at clinical scales under 200 L. Conversely, high-shear stirred-tank bioreactors are the

industry standard for commercial AAV production with stable HEK293 lines, scaling

up to 2,000 L where high kLa and predictable scale-up are paramount. This guides

optimal bioreactor selection based on vector type and manufacturing scale, crucial for

advancing gene therapy industrialization.

Published September 22, 2026  BioProcess Tools  USA



IN DEPTH

Key Findings

A comprehensive comparison of bioreactor platforms for viral vector manufacturing

demonstrates that wave-mixed bioreactors are optimally suited for shear-sensitive cell

cultures, while stirred-tank bioreactors remain the gold standard for large-scale

commercial adeno-associated virus (AAV) production. Each platform offers distinct

technical and scalability advantages tailored to specific cell types and production

requirements.

Technical / Clinical Details

Wave-Mixed Bioreactors:

Characteristics: Provide low-shear, gentle mixing by rocking the culture bag,

minimizing physical stress on cells.

Applications: Particularly well-suited for shear-sensitive cells, including lentiviruses,

T-cell expansion, and baculovirus applications utilizing insect cells.

Scale: Predominantly used for clinical-scale batches under 200 liters, making them

ideal for early-phase clinical trials and relatively smaller production volumes.

Stirred-Tank Bioreactors:

Characteristics: Deliver high shear forces, ensuring superior gas exchange

efficiency (high kLa values) and homogeneous mixing throughout the culture.

Applications: The industry default for commercial AAV production using stable

HEK293 cell lines due to their robust performance.

Scale: Capable of scaling up to 2,000 liters, with predictable scale-up characteristics

that are essential for high-volume commercial manufacturing.

The choice between these platforms is critically determined by the specific type of viral

vector, the characteristics of the host cell line, and the required production volume.



Background & Context

With the burgeoning demand for gene therapies, the efficient and large-scale

manufacturing of indispensable viral vectors has emerged as a significant industry

bottleneck. The selection of appropriate bioreactor technology is paramount as it directly

impacts manufacturing costs, production timelines, product quality, and regulatory

compliance. By judiciously choosing bioreactor types based on culture characteristics

such as shear sensitivity and cell density, optimal production efficiency and quality can

be achieved.

Strategic Significance & Outlook

The continuous evolution of bioreactor technology is crucial for accelerating the

commercialization of gene therapies. Future developments may include hybrid systems

that combine the advantages of both bioreactor types, as well as next-generation smart

bioreactors integrating AI and automation. These advancements will enable adaptability

to a wider variety of cell types and vector systems, further optimizing manufacturing

processes. Ultimately, this will contribute to reducing the cost of therapeutic agents and

expanding patient access. The strategic selection and ongoing refinement of bioreactor

technology will remain a cornerstone for the sustained growth of the gene therapy

sector.

Reference technology guide: Scale-Up: https://troy-technical.com/cell-culture-

technology-term-scale-up/

Source: https://bioprocesstools.com/blog/wave-mixed-vs-stirred-tank-viral-vector/

Collected: September 25, 2026 | Automated Research System (Gemini API)
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#06 FDA vs. EMA: CGT manufacturing GMP specs and
2026 differences

OVERVIEW

The FDA and EMA employ distinct strategies for manufacturing controls and GMP

requirements for cell and gene therapy (CGT) products at the Investigational New

Drug (IND)/Clinical Trial Application (CTA) stage. The FDA champions a 'phase-

appropriate cGMP' model, allowing for tailored controls that scale with clinical

development, whereas the EMA generally mandates a GMP-licensed and Qualified

Person (QP)-covered manufacturing operation before the first patient dose. These

differing approaches to flexibility significantly impact early-stage development and

global market entry strategies for complex, multi-step products like CAR T cells,

necessitating careful consideration for companies operating across jurisdictions.

Published September 22, 2026  Rhizome AI  USA



IN DEPTH

Key Findings

A comparative analysis reveals that the U.S. Food and Drug Administration (FDA) and

the European Medicines Agency (EMA) adopt distinct approaches to manufacturing

controls and Good Manufacturing Practice (GMP) requirements for cell and gene

therapy (CGT) products at the Investigational New Drug (IND) or Clinical Trial

Application (CTA) stage. The FDA emphasizes a 'phase-appropriate cGMP' concept,

allowing for a flexible, escalating level of controls aligned with the stage of clinical

development. In contrast, the EMA generally requires manufacturing operations to be

GMP-licensed and overseen by a Qualified Person (QP) prior to the first patient dose, a

more stringent pre-clinical requirement.

Technical / Clinical Details

FDA's Approach: The FDA's regulatory philosophy acknowledges that

manufacturing processes for novel CGT products are often still evolving during early

clinical development (e.g., Phase 1). Consequently, it does not demand full

commercial GMP standards initially, but rather 'phase-appropriate' controls sufficient

to ensure product quality, safety, and consistency. This allows developers greater

agility in process refinement, with GMP rigor progressively increasing as

development advances.

EMA's Approach: The EMA's framework, particularly within the EU GMP Annex 1,

generally mandates that CGT products manufactured for clinical trials within the EU

must come from a GMP-licensed facility. Furthermore, a Qualified Person (QP) is

required to certify each batch prior to release for human use. This ensures a higher

level of established quality assurance and compliance from the outset for trial

material destined for European patients.

Implications for CAR T-cell Therapies: These regulatory divergences are

particularly critical for complex, individualized therapies like CAR T-cells, which

involve multi-step, patient-specific manufacturing processes. The FDA's flexibility can

de-risk early development and potentially reduce initial costs, while the EMA's

requirements necessitate earlier, more substantial investment in robust GMP

infrastructure for companies targeting the European market.



Background & Context

The rapidly advancing field of cell and gene therapy presents unique regulatory

challenges due to the living nature of the products, inherent process variability, and often

short shelf-lives, which render traditional pharmaceutical GMP guidelines difficult to

apply directly. Regulatory bodies worldwide are striving to balance patient safety and

product efficacy with the urgent need to facilitate the development and availability of

these innovative treatments. The differing philosophies of the FDA and EMA therefore

significantly influence global CGT development strategies, including manufacturing site

selection and the sequencing of early-stage clinical trials across continents.

Strategic Significance & Outlook

Both regulatory agencies agree that a one-size-fits-all GMP standard is not appropriate

for CGT products. However, their divergent implementation of this flexibility creates

strategic implications for developers. As global harmonization efforts intensify, how these

differences evolve will be a key area to watch. Companies must maintain a deep

understanding of evolving regional regulatory landscapes, such as revisions to EU GMP

Annex 1, to build adaptable manufacturing strategies for successful multi-market

penetration. Ultimately, the shared objective of regulators is to ensure timely access to

safe and effective advanced therapies for patients worldwide.

Reference technology guide: GMP: https://troy-technical.com/cell-culture-technology-

term-gmp/

Source: https://rhizomeai.com/articles/fda-vs-ema-manufacturing-controls-and-gmp-for-cell

Collected: September 25, 2026 | Automated Research System (Gemini API)
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#07 Formo: FDA timeline for precision fermentation
casein in 2026

OVERVIEW

German startup Formo is expected to receive a 'No Questions Letter' from the U.S.

FDA regarding its GRAS assessment for precision-fermented casein within weeks,

signaling its readiness for U.S. market entry and production scale-up. This paves the

way for commercialization of its animal-free dairy protein in the U.S. Concurrently,

U.S.-based New Culture has secured a second patent for its animal-free casein and

is preparing for product launch in the foodservice sector. Despite a broader decline in

venture capital investment across the alternative protein market, investor interest in

fermentation technologies, especially precision fermentation, remains strong.

Published September 17, 2026  Dairy Reporter  Germany



IN DEPTH

Key Findings

German startup Formo is on the verge of a significant breakthrough, expected to receive

a 'No Questions Letter' from the U.S. FDA regarding the GRAS (Generally Recognized

As Safe) status of its precision-fermented casein. This imminent regulatory clearance

marks a crucial step towards its entry into the U.S. market and planned production scale-

up, strongly validating the commercial viability of precision fermentation technology in

the alternative protein sector.

Technical / Clinical Details

Formo has developed a precision fermentation technology that utilizes microorganisms

to produce casein protein, enabling the creation of animal-free dairy proteins without

reliance on traditional animal agriculture. The FDA's GRAS assessment confirms that

the product is scientifically established as safe for its intended use, with a 'No Questions

Letter' indicating the FDA has no objections to the company's safety evaluation. This

regulatory approval will allow Formo to proceed with its U.S. product rollout and expand

its manufacturing capacity. Meanwhile, U.S.-based New Culture has also fortified its

intellectual property portfolio by securing a second patent for its animal-free casein,

specifically tailored for mozzarella cheese, and is nearing product launch in the

foodservice industry. Both companies aim to provide sustainable and ethical alternatives

that deliver the functional properties comparable to conventional dairy products.

Background & Context

The alternative protein market has experienced rapid growth driven by environmental

concerns, animal welfare issues, and increasing health consciousness. However, overall

venture capital investment in some alternative meat and plant-based segments has seen

a decline due to a gap between projected growth rates and actual consumer adoption. In

contrast, precision fermentation technology, particularly for dairy protein production,

continues to attract strong investor interest. This is attributed to its potential to overcome

sensory challenges—such as texture, flavor, and nutritional profiles—that have been

difficult to achieve with conventional plant-based alternatives. The FDA's GRAS approval

provides a vital regulatory endorsement, demonstrating the technology's capability to

deliver safe and reliable food sources, thereby further boosting consumer and investor

confidence.



Strategic Significance & Outlook

The progress of Formo and New Culture underscores the critical role precision

fermentation technology is set to play in the alternative protein market. The FDA's

approval not only benefits these companies but also helps clarify the regulatory pathway

for other precision fermentation ventures, potentially accelerating their market entry.

Successful commercial scaling of these technologies could significantly disrupt the

traditional dairy market, further driving the transition towards a more sustainable food

system. Investors are expected to continue strategic investments in precision

fermentation, viewing it as a long-term commitment to sustainable food technology. This

momentum will contribute to the overall growth of the food tech industry, offering

consumers diverse and high-quality animal-free products.

Source: https://www.dairyreporter.com/Article/2026/09/17/alternative-proteins-why-investors-still-see-

potential/
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#08 AI Bioreactors: Novonesis and ISU enzyme
production explained

OVERVIEW

Iowa State University (ISU) and Novonesis, with funding from BioMADE, have

developed AI-powered bioreactors featuring a machine learning framework. This

innovative technology enables real-time monitoring and optimization of bioprocess

parameters, significantly improving batch consistency in enzyme production and

accelerating time-to-market. Researchers are now actively collaborating with private

companies to develop even more autonomous bioreactor systems, paving the way for

next-generation biomanufacturing.

Published September 19, 2026  megaproject.com  USA



IN DEPTH

Key Findings

Iowa State University (ISU) and Novonesis, in a collaboration funded by BioMADE, have

developed AI-controlled bioreactors that dramatically enhance the efficiency and

consistency of enzyme production through an integrated machine learning framework.

This new technology facilitates real-time monitoring and optimization of bioprocess

parameters, leading to improved product quality and expedited market entry.

Technical / Clinical Details

The AI-powered bioreactors, a result of the BioMADE-funded project, continuously

collect diverse bioprocess parameters—such as pH, dissolved oxygen, temperature,

nutrient concentrations, and cell density—during fermentation. These data are then

analyzed by machine learning algorithms that predict optimal production conditions and

automatically adjust bioreactor settings. This framework significantly boosts batch-to-

batch consistency and maximizes production efficiency. Specifically, it allows for early

detection of process anomalies and enables prompt corrective actions, contributing to

waste reduction and improved cost-effectiveness. For major enzyme producers like

Novonesis, this technology is critical for stringent quality control and stabilizing

production yields, with wide-ranging applications expected in pharmaceuticals, food, and

biofuels industries.

Background & Context

Traditional bioreactor systems often relied on periodic human monitoring and manual

adjustments, making process optimization time-consuming and expertise-intensive.

Furthermore, batch-to-batch variability presented a significant challenge, impacting

product quality and cost. The rapid advancements in AI and machine learning are now

recognized as having the potential to revolutionize the biomanufacturing sector. AI can

analyze vast datasets in complex biological processes, identifying patterns and

performing predictive control at levels beyond human capability. In this context, the joint

development by ISU and Novonesis represents a crucial milestone towards the

autonomous operation of bioprocesses.



Strategic Significance & Outlook

The research teams at ISU and Novonesis are committed to further developing this AI-

controlled bioreactor technology, aiming for systems with even higher levels of

autonomy, and are actively forging partnerships with private sector companies. The

widespread adoption of this technology could revolutionize the manufacturing of a broad

spectrum of biologics, including enzymes, antibody drugs, vaccines, and cell and gene

therapy products. In the future, entire biomanufacturing facilities could be highly

optimized by AI, leading to faster, more affordable, and sustainable production. This is

expected to accelerate the market introduction of new bioproducts and drive innovation

across the healthcare, food, and energy sectors.

Source: https://megaproject.com/news/factory/ai-controlled-bioreactors-open-doors-to-faster-more-

precise-enzyme-production

Collected: September 25, 2026 | Automated Research System (Gemini API)

https://megaproject.com/news/factory/ai-controlled-bioreactors-open-doors-to-faster-more-precise-enzyme-production
https://megaproject.com/news/factory/ai-controlled-bioreactors-open-doors-to-faster-more-precise-enzyme-production


#09 Multifors 3: INFORS HT 23-day perfusion culture
specs

OVERVIEW

INFORS HT has published an application note detailing the successful 23-day long-

term perfusion culture of NIST CHO cells using its Multifors 3 benchtop bioreactor.

The study proves the Multifors 3's suitability for extended perfusion processes and its

integrated control capabilities for critical bioreactor variables, including gravimetric

volume control, feeding rates, pH, dissolved oxygen, and biomass. This achievement

underscores the Multifors 3's robustness for continuous bioprocessing applications

and its significance in accelerating biopharmaceutical process development.

Published September 23, 2026  INFORS HT  Switzerland



IN DEPTH

Key Findings

INFORS HT has announced a significant achievement in bioprocess development,

publishing an application note detailing the successful, stable long-term perfusion

cultivation of NIST CHO cells over 23 days using their Multifors 3 benchtop bioreactor.

This demonstration unequivocally validates the Multifors 3 system's robust performance

and integrated control capabilities for continuous bioprocessing applications at the

process development scale.

Technical / Clinical Details

The perfusion culture study utilized a standard CHO cell line sourced from the National

Institute of Standards and Technology (NIST). The Multifors 3 bioreactor system

showcased its advanced capability to integrate and precisely control key culture

parameters, including gravimetric volume control, feeding rates, pH, dissolved oxygen

(DO), and biomass concentration. Over the extended 23-day period, the cells maintained

high viability and productivity, demonstrating the system's ability to sustain a stable

perfusion process. This performance is critical for continuous biopharmaceutical

production, where consistent culture conditions are paramount. The data presented

reinforces the Multifors 3's versatility and reliability for a wide range of applications, from

early-stage research to initial process optimization phases.

Background & Context

In the biopharmaceutical industry, there is a strong and growing trend towards process

intensification and the adoption of continuous manufacturing for monoclonal antibodies

and other recombinant proteins. Perfusion culture is central to this trend, enabling high

cell densities, maximizing product yields, and simultaneously reducing the burden on

downstream purification processes. However, the stable and long-term operation of

perfusion processes demands sophisticated bioreactor control technology. The INFORS

HT Multifors 3 is positioned as a key solution addressing these requirements at the

benchtop scale, providing a robust platform for efficient process development.



Strategic Significance & Outlook

The successful demonstration of long-term perfusion culture with NIST CHO cells using

the Multifors 3 bioreactor holds significant implications for accelerating

biopharmaceutical development. Researchers and engineers can now rely on a highly

dependable benchtop system to rapidly optimize continuous production processes. This

is expected to lead to shorter time-to-market for new drugs and substantial reductions in

manufacturing costs. Furthermore, this technology serves as a vital bridge to future GMP

scale-up, accelerating the broader adoption of continuous manufacturing techniques

throughout the biopharmaceutical industry. INFORS HT is poised to strengthen its

leadership in providing advanced bioprocess solutions.

Reference technology guide: GMP: https://troy-technical.com/cell-culture-technology-

term-gmp/

Reference technology guide: Scale-Up: https://troy-technical.com/cell-culture-

technology-term-scale-up/

Source: https://infors-ht.com/getmedia/36d8ec7f-90d1-4234-be12-1f07ba19e9f1/20260922-AP008-EN-

Perfusion-NIST-CHO-Cells-Multifors-FHNW-Web

Collected: September 25, 2026 | Automated Research System (Gemini API)
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#10 Precision Fermentation: Imperial College London
land use study

OVERVIEW

A new study by Imperial College London indicates that cow-free milk produced via

precision fermentation could require up to 96% less land compared to conventional

dairy farming. Precision fermentation is an innovative process where genetically

engineered microorganisms are cultivated in bioreactors to produce key milk proteins

identical to those found in cow's milk. This technology holds immense potential to

drastically reduce the dairy industry's vast environmental footprint, marking a

significant step towards sustainable food production.

Published September 18, 2026  My Modern Met  UK



IN DEPTH

Key Findings

New research conducted by scientists at Imperial College London suggests that

producing cow-free milk through precision fermentation could achieve up to a 96%

reduction in land use compared to traditional dairy farming. This finding underscores the

profound environmental benefits of precision fermentation technology in the transition

towards sustainable food systems.

Technical / Clinical Details

Precision fermentation is a biotechnological process that involves culturing genetically

engineered microorganisms (typically yeast or bacteria) in controlled bioreactors to

produce essential milk proteins such as casein and whey. Unlike the extensive pastures

required for conventional dairy, these bioreactors operate with a significantly smaller

footprint, enabling highly efficient production. The study assessed that precision

fermentation for milk production would substantially save land otherwise used for

cultivating feed crops, grazing, and associated infrastructure. Traditional dairy farming's

environmental impact spans land-use change, deforestation, water consumption, and

greenhouse gas emissions (e.g., methane); precision fermentation has the potential to

mitigate most of these. This technology is characterized by its high productivity,

efficiently supplying necessary nutrients to microorganisms to generate large quantities

of protein under optimized conditions.

Background & Context

The global food system is confronting a triple crisis of climate change, resource

depletion, and increasing demands for sustainability. The dairy industry, in particular, has

been criticized for its extensive land use and significant greenhouse gas emissions,

contributing substantially to environmental burdens. While plant-based milks have

offered one solution, they often present challenges in terms of nutritional equivalence,

functionality, and flavor compared to conventional milk. Cow-free milk produced through

precision fermentation offers a distinct approach, providing products with identical

molecular structures to animal proteins, thereby closely matching traditional milk in

nutritional value, flavor, and cooking properties. The Imperial College London study

provides critical scientific backing for the environmental contributions of this nascent

industry.



Strategic Significance & Outlook

These research findings strongly suggest that precision fermentation technology will play

a central role in the future of sustainable food production. The dramatic improvement in

land-use efficiency contributes to ecosystem preservation, biodiversity maintenance, and

climate change mitigation efforts. As production costs continue to decrease, regulatory

approvals expand, and consumer acceptance grows, precision fermentation-derived

cow-free milk has the potential to become a major player in the global food market. This

technology is applicable beyond dairy to other animal-derived product alternatives,

serving as a driving force for accelerating the transition to a more sustainable and ethical

food supply system.

Source: https://mymodernmet.com/precision-fermentation-milk/

Collected: September 25, 2026 | Automated Research System (Gemini API)
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#11 Crush Dynamics: AI food fermentation specs for
30% energy cut

OVERVIEW

Canadian AgriTech firm Crush Dynamics has partnered with AI development

company Atomic47 Labs to scale food fermentation processes using artificial

intelligence. This collaboration aims to optimize the production of fermented grape

pomace purees and powders while achieving up to a 30% reduction in energy

consumption. Funded by Canada's Pan-Canadian Artificial Intelligence Strategy

(PCAIS), the project is expected to dramatically enhance the efficiency and cost-

effectiveness of converting agricultural byproducts into high-value food ingredients.

AI-driven process predictability promises to advance both food innovation and

sustainability.

Published September 22, 2026  Food Navigator  Canada



IN DEPTH

Key Findings

Crush Dynamics, a Canadian AgriTech company, has embarked on a strategic

partnership with AI development specialist Atomic47 Labs to scale its food fermentation

processes using artificial intelligence. This collaboration aims for a groundbreaking 30%

reduction in energy consumption while optimizing the production of fermented grape

pomace purees and powders. The project, backed by funding from the Canadian

government's Pan-Canadian Artificial Intelligence Strategy (PCAIS), is set to unlock new

efficiencies in transforming agricultural byproducts into high-value food ingredients.

Technical/Clinical Details

The collaboration between Crush Dynamics and Atomic47 Labs focuses on applying AI

simulations and machine learning algorithms to the food fermentation process.

Specifically, AI will monitor and analyze fermentation conditions—such as temperature,

pH, microbial strain selection, and media composition—in real-time, predicting and

adjusting optimal parameters to maximize fermentation efficiency. This approach

enables the production of high-value food additives and ingredients, rich in antioxidants

and flavor compounds, from agricultural byproducts like grape pomace, with significantly

reduced energy input. Compared to traditional trial-and-error optimization, AI processes

vast datasets rapidly to build predictive models, substantially shortening development

cycles and cutting costs. The 30% energy reduction target is particularly impactful, given

the energy-intensive nature of fermentation processes, signifying a major step towards

environmental sustainability.



Background & Context

The food industry faces increasing pressure to enhance sustainability and reduce waste,

driving the search for novel protein sources, flavor enhancers, and functional

ingredients. Fermentation technology, an age-old method utilizing microbial power to

produce these components, has historically been challenged by scalability and time-

consuming process optimization. The recent advancements in AI technology are

revolutionizing numerous industrial sectors, including bioprocesses. Crush Dynamics'

initiative aligns with circular economy principles by upcycling food waste into higher-

value products. The support from Canada's PCAIS underscores a national commitment

to fostering AI technology development and its practical application. Such innovations

are anticipated to contribute significantly to improved food security and the

establishment of sustainable food systems globally.

Strategic Significance & Outlook

Scaling fermentation processes with AI not only creates new market opportunities for

Crush Dynamics but also has the potential to drive transformation across the entire food

industry. Improved energy efficiency and reduced production costs will enhance the

market competitiveness of fermented high-value food ingredients. Looking ahead,

applications beyond grape byproducts to a variety of agricultural waste streams are

expected, fostering a virtuous cycle of waste reduction and new value creation. This

success story will serve as a crucial model for how the convergence of biotechnology

and AI can shape the future of sustainable and efficient food production systems, setting

new global benchmarks for innovation in food science and technology.

Reference technology guide: Scale-Up: https://troy-technical.com/cell-culture-

technology-term-scale-up/

Source: https://www.foodnavigator.com/Article/2026/09/22/crush-dynamics-uses-ai-to-scale-food-

fermentation/
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